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SAVING CONTAMINATED 
OSCILLOSCOPES 

Tektronix  Field Engineer Fred Lenc- 
zynski on a call to a Nuclear Re- 
search operation discoveretl they xvere 
destroying Tektronix scopes that had 
become contaminated. They were very 
happy to  learn that Tektronix scopes 
could be washed with the Kelite solution 
and retrieved from the atomic junk 
man. Ask  your Tektronis Field Engineer 
for details on this money saving opera- 
tion. 

HIGH Gm TUBES OSCILLATING IN 
TYPE 570 

There  is a tendency for some h~g l i  C;m 
tubes being tested with the Type  570 
Characteristic-Curve Tracer to oscillate 
despite the  use of resistor patch cords 
and shielding with Beltlen braid. 

Tektronix Field E n g ~ n e e r  Earl  Wil- 
l ~ a l n s  reports considerable success in sup- 
pressing these osc~ l l a t~ons  through the 
use of Ferramic cores installed on each 
bare-wire lead connecting pin jack to tube 
socket lug. Ferramic cores are the ferrite 
material beads that can be strung on 
wire to act as suppressors to high-fre- 
quency currents flowing in wire. Earl  
says that brief test did not show that use 
of beads could eliminate possible nced 
for resistor patch cords, but he was able 
to display curves he had not seen to date. 

REACTIVATING THE CATHODES 
OF STORED 

A cathode-ray tube that has been in 
storage for some time should be "re- 
activated" before being placed in service. 
T o  reactivate the cathode, operate the 
C R T  with 8 volts on the heater (other 
operating conditions normal) for about 
one hour, and follow with 24 hours of 
operation a t  normal heater voltage. Dur- 
ing the reactivation period the beam 
should be positioned off the face of the 
CRT.  

SERVICING YOUR AIR FILTERS 
Reliability of Tektronix Osc~lloscopes is 

i improved if the washable Lun~a loy  air 
fllter is clean. T h e  filters should be in- 
spected every three or  four months, for 
dirt content, by holding the filter up to 
the light. The  following filter cleaning 
instructions are given by the filter 
manufacturer: 
"To Clean: 
(1) If grease or  dirt load is light, remove 

filter from installation and flush dirt 
or  grease out of filter with a stream 
of hot water or  steam. 

(2) I f  load is too heavy for treatment in 
(1) ahove, prepare mild soap or  deter- 
gent solution in pan or  sink deep 

enough to cover fil- 
ter when laid flat. 
Agitate filter up and 
down in this solution 
until grease or dirt 
is loosened and car- 
ried off filter. 
(3) Rinse filter antl 
let dry. 
(4) Dip or spray fil- 
ter wit11 fresh Filter 
Coat, or  other ap- 
proved adhesive." 
Filter Coat should be easy to get locally; 
look in the Classified Section of your 
phone book for R P  Air Filters, o r  E Z  
Kleen Air Filters. If you have any 
trouble, we can supply you from Portland 
a t  $1.00 per pint. 

CHANGING TO SlLlCON RECTIFIERS 
Fieltl-Rfotlificatio~~ Kits for sevcral Tek-  

t ronis  Oscilloscopes facilitate changing 
from selenium to silicon rectifiers for in- 
creased reliability. Kits contain all neces- 
sary parts and instructions. 

Field-Modification Kit  040-201 . . . . . . $60 
for  Type  531 serial numbers 101 

through 7600 
for  Type 535 serial numbers 101 

through 8627 
Field-llodification Kit  040-202 . . . . $60 

for Type 531 serial number 7601 and up 
for Type 535 serial number 8628 and up 

for Types RM31, 533, RR133, RM35, 
541, R1I41, 543, R3I43, 545, Rh145- 
all serial num1)ers. 

Due to increased production capacity, 
Tektronix is now able to accept large 
quantity orders for ceramic terminal 
strips. These are the same strips as are 
used in current production instruments: 
one, hvo, and three notch strips with one- 
yoke mounting, and four, seven, nine, 
antl eleven notch strips with two-yoke 
mounting. Yolies are made of nylon, 
and are press-fit mounted to the chassis 
\vith spacers. Please consult your Tek-  
tronis Fieltl Engineer for coinplete 
particulars and prices. 

AVOID BURNING CRT SCREENS 

Turning down the intensity before 
changing plug-1x1 units in Tektronix 
Oscilloscopes eliminates any danger of 
burning the C R T  screen during this 
operation. 

USED INSTRUMENTS WANTED 

1 524 or  Frank Valencic 
514 718 E. 200 St.  

Cleveland 19, Ohio 
1 315 or  Robert Anderson 

511 University of Illinois 
Chicago 
Control Systems Lab. 
Urbana, Illinois 

Phone:  EMpire  7-6611 
1 511, 514 Dr. R.B. Marion, 

o r  515 Physicist 
University of Maryland 
U. S. Rt.  #1  
College Park ,  Maryland 

1 511 A.C. Nielsen Company 
807 Howard Street 
Evanston, Illinois 
Phone H O  5-4400 

1 512 Willis Smith 
5449 L a  Jolla Hermosa 
Ave. 
L a  Jolla, California 

1 310 (or H.J. Wood, Jr. 
315 Garwood Development 
512 Lab. 
514 P. 0 .  Box 412 
515 Las  Cruces, 

New Mexico 
Phone J A  4-4044 

2, QUESTIONS FROM THE FIELD .;) 
Q.  I s  the H V  power supply in the 530- 

540 Series scopes capable of operating 
a slave C R T ?  

A. Yes, but if there is a regulation pro- 
blem, it may be necessary to change 
the 6AU5 screen resistor (56 K 2 W)  
to a 47 K or  39 K 2 W resistor. 

Q.  W h a t  is the frequency response of 
P170CF and P500CF probes when 
used with 545/G? 

A. W e  made some measurements and 
found the Pl7OCF to be 3 d b  down a t  
22 mc and the PSOOCF 3 db  down a t  
11.7 mc. 

Q. I s  it possible to use a 5BG or  5 B H  
with the 530A and 540A? 

A.  Yes, it is possible if other minor 
changes are made. T h e  5BG cr t  is 
directly interchangeable with the T533 
crt  when it is used in the 531A, 533 
o r  535A Oscilloscopes except for the 
different vertical sensitivities of the 



t w o  crt's. The  vertical sensitivities 
a r e  : 

5BG 11.2 - 13.7 v/cm 
T533 8.6 - 10.5 v/cm 

T h e  Vertical Gain Adj. in the scope 
should have enough range to overcome 
this difference. (Al thougl~ changing 
the  gain means you will have to re- 
t une  the delay line and possibly the 
o the r  coils in the amplifier.) 
T h e  5BH crt  is directly interchange- 
able with the T543 cr t  if pins 11 and 
12 on the 5BH crt  are jumperetl to- 
gether with a strap. The  deflection 
sensitivities are the same in 110th of  
these crt's. 
T h e  T533 and T543 crt's have nhoto- 
etched horizontal deflection plates to 
minimize flare when the sweep in the 
533 and 543 Oscilloscopes are  used in 
the  50 and 100 times magnifier posi- 
tion. 

VERTICAL INTERFIELD TEST 
MODIFICATION KIT FOR TYPE 525 TV 

WAVEFORM MONITOR 
A modification kit w ~ t h  step-by-step in- 
structions is now available. T o  permit 
observation of the V E R T I C A L  I N T E R -  
F I E L D  T E S T  S I G N A L  which is in- 
serted between horizontal sync pulses on 
the  porch of the vertical blanking pulse 
of the  con~posite video signal. 
T h e  kit  includes all parts, wired V I T  
chassis, photos and instructions for modi- 
fying the Type 525 Oscilloscope. Also 
included are operating instructions and 
internal adjustment procedure with 
theory of operation. 
W h e n  ordering, please specify Type  525 
Vertical Interfield Test  Modification Kit, 
T e k  Number 040-171. Price $35.00. 

CRT REPLACEMENT TECHNIQUE 
W e  have an oc- CONNECTOR 

casional 
I 

dicating trouble 
with the new 
brush-type C R T  ANODE BUTTON 

anode connectors. 

The  new anode connectors \yere designed 
so that they would not have to be re- 
moved when replacing the CRT.  T h e  
connector mounts on the shield and when 
the C R T  is installed the brush makes 
contact with the C R T  anode button. 

If the connector is installed after the 
C R T  is in place, the brush is apt to be- 
come frayed and bent resulting in a poor 
connection. I t  is recommended that you 
do not remove the connector from the 
shield when installing o r  tc-placing the 
CRT.  

USE of TYPES 535, 535A, 
545 and 54549 for DOUBLE SWEEPS 

T w o  single sweeps may be obtained 
utilizing the principle that when the 
Horizontal Display switch is placed in 
the Main Sweep Delayed ('A Delayed 
by B')* position, the trigger gate circuit 
can be armed either by depressing the 
Reset button or  by a pulse from the delay 
pickoff circuit. Thus  a sequence can be 
set up \vith a short  main sweep and a 
longer delayed sweep, such that when 
both sweeps are triggered a t  the same 
time the main s~veep  will conlplete its 
cycle antl lock out until the delayed 
sweep (througli the delay pickoff) re- 
sets the trigger gate circuit; then the 
main sweep will accept one more trig- 
ger pulse and lock out until the Reset 
I~ut ton is pressed. T h e  details of this 
are as follo\vs: 

1. Set the Horizontal Display switch 
to Main Slveep Nornlal (A)*. 

2. Adjust l l a iu  S\veep (Time Rase A ) *  
for  sweep time desired and adjust 
triggering controls to trigger in- 
ternally on the signal to be displayed. 

3. Reset the Horizontal Display switch 
to Main S\veep Delayed ('A De- 
layed by B')*. 

4. Set the Delaying Sweep Time/cm 
(Time Base R ,  Time/cm or  Delay 
Time)* to a setting greater than the 

total time needed for displaying both 
main sweeps. (See note 1) 

5. Set the Delaying Sweep Delay-Time 
Multiplier (Delay-Time Multiplier)* 
to the desired delay time needed to 
a rm the Main Sweep (Time Base A)* 
for its second sweep. 

6. Connect the +Ga te  Main Sweep 
( + G a t e  A)* to the Delaying Sweep 
Trigger or  External Sweep In  (Time 
Base R Trigger Input)* and set the 
Slope (Time Base B Trigger Slope)* 
switch to the + ( + Int .)* position. 

, -- 
7. Adjust the Delaying ' ~ w e e p  (Time 

Base 13)* Stability and Triggering 
Level controls to trigger on the lead- 
ing edge of the main sweep +gate.  
When  this is properly adjusted it 
should be possible to get lock out 
after main sweeps. 

*(Captions in parenthesis apply to 
Types 535A and 545A instruments.) 

Note 1 :  T h e  total delaying sweep time 
must be greater than the total time 
needed for displaying both main 
sweeps, otherwise the delaying sweep 
could be retriggered during the sec- 
ond main sweep which would allow 
continuous sweep operation. I n  the 
Type 535 and 545 the total delaying 
sweep time is limited to 10 msec/cm. 
If a total delaying s\veep time in ex- 
cess of 10 ~nsec/cm is required we 
suggest a K535-S1 modification kit 
(Tek #040-063) \vhich gives a maxi- 
mum delay sweep range of 1 sec/cm. 
This kit is available for $40.00 in- 
cluding a new front panel. When 
ordering please specify the instrument 
type antl serial number. 

Note 2: This double sweep type of opera- 
t ~ o n  is applicable to all A to Z plug- 
iu units, however the Type  C-A unit 
can be used in the alternate position 
to observe a separate single sweep 
each of  two signals which are tlis- 
placed in time. T h e  Type  C-A unit 
is switched a t  the end of each main 
sweep when used In the alternate posi- 
tion. 

Tektronix Instrument-Repair Facilities: There  is a fully-equipped and properly-staffed Tektronix I n -  
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FIELD CONVERSION OF SOME 
TEKTRONIX OSCILLOSCOPES 

to Use Type 6DJ8 Tubes 
All type 6BQ7A electron tubes in Tek- 

tronix Type 531, 535, 541, 545, RM31, 
RM35, RM41, and RM45 may be replaced 
with their more reliable counterpart, the 
type 6DJ8, provided certain precautions 
are observed. These tubes have been 
substituted without making any circuit 
changes. Minor recalibration checks are 
required in some instances. In most 
cases better perforn~ance may be obtained, 
as \veil as  much better reliability. 

I 

"Raw-stock" tubes are used as replace- 
ments. The  type 6DJ8 tube appears to 
have inherently good short-and-long-term 
stability. Also, the operating character- 
istics are very consistent between both 
sections and from tube to tube. I t  is 
anticipated that the need of aged and 
checked tubes in the several positions 
that now use aged and checked 6BQ7A's 
will be eliminated with the change to 
6D J8's. 

An instruction sheet with a tube re- 
placemeut table covering this field con- 
version is available. Address your re- 
quest for these sheets to Field Communi- 
cations Department, Tektronix, Inc., P. 
0. Box 831, Portland 7, Oregon. Ask for 
FAIR-115. 

EXCUSE US PLEASE 
T h e  article appearing in the October 

issue of "Service Scope" under the title 
"Use of Types 535, 535A, 545, and 515A 
for Double Sweeps" contained a typo- 
graphical error. The  last part of step 6 
should read: ". . . . and set the Slope 
(Time Base B Trigger Slope)* switch to 
the + (+Ext . )*  position." With this cor- 
rection the procedure should work. I t  
did for us. 

+((Captions in parenthesis apply to Types 
535A and 545A instruments) 

THIS'N THAT 

Type 310 has a typical problem: 
When the high voltage power supply 

goes out of regulation, the vertical and 
horizontal gain o r  sensitivity is decreased. 
This has usually been caused by an opeu 
connection on the printed circuit board 
and almost alxvays seems to be in the 
heater connection to V701A, a 12AT7 
tube. Usually it turns out to be a separa- 
tion of the solder fron-. the copper strip 
on the printed circuit board at the tube 
socket. Visual inspection, of course, 
shows that V701A does not light up. 

Reports from Tektronix Field Eugi- 
neers Geoff Gass and Marvin Crouch, 
iudicate fast oscillograms are being taken 
with Agfa Isopan Record Film developed 
for 25 minutes in D76 at 68' F. Ken 
Davis in Portland informs us that de- 
veloping 26 minutes in D l 9  at 68" F., also 
gives excellent results. Measurements 
made by Ken indicate that at these de- 
velopments, Agfa Isopan Record has a 
writing rate about equal to that of Tri-X. 

Compeusated Probes are no longer be- 
ing adjusted to the particular instrument 
with which they are shipped. Experience 
indicates that past practice of matching 
probes and instruments at time of ship- 
ment is not necessary o r  desirable. The  
probe compensation should always be ad- 
justed by the operator at  the time he uses 
a probe with an instrument. A properly 

When adjusting C706 and C735 Trim- 
mer capacitors in the 575's collector sweep 
circuit, be sure that the transistor adap- 
ter is in place. Tektronix Field Engineer 
Lee Cooper reports that the small amount 
of capacity introduced by the adapter re- 
sults in a different setting of the trim- 
mers. 

In early "R" units, some of the power 
transistors had what appeared to be un- 
~vorkmanlike solder connections. The  first 
power transistors used in the "R" unit 
did not have tinned leads so were very 
difficult to solder. Later transistors have 
tinned leads, and a good solder job is 
being done. 

QUESTIONS FROM THE FIELD 
1. Q .  When using the very fast Polaroid? 

Land film, why do some exposures 
give a bright haze on the picture? 

A. When the C R T  phosphors are ex- 
posed to ambient room light, the 
absorbed energy in the phosphor 
must be given sufficient time to 
decay. T h e  new Polaroid ? Land 
No. 47 film, faster than Tri-X, 
can give a bright haze on the pic- 
ture from the energy retained in 
the phosphor. 

2. Q.  Can the Type 110 produce both 
positive and negative pulses? 

A. Yes. The  operator can choose 
plus pulses or minus pulses from 
a plus or minus internal charging 
supply. (See tentative spec. sheet, 
"Pulse Polarity" knob selects plus 
or minus pulses.) Pulse widths 
may be identical or alternately dif- I 

compensated probe 
is a necessity when AIRFLOW WITH SCOPEMOBILE FAN KIT 
accurate readings or 
measuremeuts are 
desired. 

Quite a few 531 
manuals were ship- 
ped into the field 
showing pin 6 of 
1720 tied to 225 volts 
through R32. This 
was a typographical 
error in the 531 Man- 
uals. R32 should go 

350 This Several customers have requested information on the volume 
\Iras reported of air provided by the Scopemobile Fan Kit modification when 

in the number it is installed in the Type 500A Scopemobile. 
range about 9000' \\'it11 the Scopemobile d ra~ver  in place the airflo\v is 83 c.f.m. 

With the drarver removed and a panel covering the drawer open- 

? Polaroid is a registered trademark of the  Polaroid Corl~oration, ing the airflo\v is increased to 94 c.f.m. These figures are with 
liue voltage at normal. 

.-. 

Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix l n -  
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 

A- 1 093 



ferent. O n  "external", the pulses 
m a y  not only have alternately dif- 
ferent widths, but also different 
polarities if desired. 

3. Q. W h a t  is the vertical response of 
t h e  581 a t  the 3, 6, 9 antl 12 db 
points with a sinusoidal input? 

A .  Approximately: 3db down a t  100 
n1c 
6 db down a t  140 
m c  
9 db down a t  180 
mc 
12 db down a t  
200-250 mc 

These  values are approximate. 
T h e  roll-off is not very smooth be- 
low the 9-12 db points, and any 
small termination bump in the 
vertical will give peaks and dips in 
responses above 200 mc. and in 
some cases down as low as 100 mc. 

4. Q. W h a t  tubes manufactured outside 
the  U.S. do we use in our instru- 
ments?  

A .  12AT7, 12AX7-Telefunken. 
GZ34/5AR1, ECC88/6D J8, 6360, 
6939, E180F/6688-Amperes 
12AU7-Telefunken and Amperes 

5. Q. W h a t  shift in trace is permissible 
when changing the CA from a 
condition of having two traces, 
both centered, to tlie Added Al- 
gebraically position? 

A. Not more than 3-cm shift is allox- 
able. This can be adjusted by 
changing the vertical position and 
range (R4376). 

6. Q.  Can the attenuators for the P80 
probe be stacked to provide less 
sensitivity than 5 volts/cm? Are 
there any larger attenuators in 
sight? 

A. A t  present, the attenuators for 
the  P8O probe cannot be stacked. 
W e  are \\-orking on a 10 x attenu- 
a tor  which has resistive and 
capacitive characteristics similar to 
the  P80 probe. With  this atten- 
uator, it will he possible to use any 
of the present attenuators, increas- 
ing their attenuation ratios by  a 
factor of 10. I t  will be another 

month or two coming, however. 
7. Q .  W h a t  are tlie limiting factors in 

the vertical amplifier of a 545 \rith 
a C unit when you overdrive the 
amplifier \\.it11 a pulse, antl try to 
look a t  the top one-volt portion of 
the pulse which is in the order of 
260 volts in amplitude? I realize 
a differential metliotl of making 
this measurement can probably be 
accon~plislied, but I am looking for 
limitations in the vertical amplifier. 
One  of the reasons this question 

arises is the fact that you can posi- 
tion the top part of this pulse to 
tlie center of the CRT.  

A. One  of the Staff Engineers ran a 
test on this, and found a signal 
that filled the graticule twice, 8 cm 
in amplitude, caused some tlistor- 
tion. H e  used a square wave from 
a Type 105. 

CATHODE-FOLLOWER PROTECTION 
FOR TYPE 524AD OSCILLOSCOPE SIN 

5001 -5899 
\\:lien the instrument is first turned 

on an excessive voltage exists between 
the grid and cathode of the catliode-fol- 
lower sections of V23 and 21. A modifi- 
cation is recommended for all Type 524- 
AD instruments, S / N  5001-5899. 

T w o  N E 2  neon bulbs are installed 
I\-liich will ignite for several seconds when 
the instrument is first turned on. This  
\\-ill hold tlie grid-to-cathode voltage to 
a reasonably safe value until the instru- 
ment is warmed u p  and in operation. 
These neon bulbs are  available from your 
local electronic supply sources. 
Procedure: 
( ) 1. Remove the right and left side 

panels. 
( ) 2. Locate V23 (6BQ7) near the cen- 

ter of the VA chassis. 
( ) 3. Locate ceramic turret near V23 

on \\-Ilk11 is mounted C31. This  
capacitor is a variable compression 
type which has large eyelets on 
both terminals. 

( ) 4. Place the glass tip of one of the 
new neon bulbs in the lower hole 
of C31 so that the leads may 
be soldered to  pins 7 and 8 of 

V23. Designate this neon bulb 
1377. 

( ) 5. Locate V24 and repeat the pro- 
cedure with the second neon bulb, 
placing the neon bulb tip in the 
corresponding eyelet of C28 antl 
soldering the leads to pin 7 
antl 8 of V24. Designate this neon 
 bull^ 1178. 

( ) 6. Add the parts list to your instruc- 
tion manual and add the neon 
 bull^ symbols to your schematics 
diagram. 
.::>v - 7,  L 10 

4 -: -i7S 
; r.3 -7- ,. : -,- 
i : '7 

.. % 

,2 --- 

t77 $ ,,, 
.\ ..7c 

L.- a 1 0  ,2:. 

* T H E  LEGEND I N  THE INSTRUCTION MANUAL 

D I A G R A M  F O R  T H E  5 2 4 A D  V E R T I C A L  A M P L I -  

F I E R  15 I N C O R R E C T .  I T  S H O W S  T H I S  T U B E  

A 5  V Z 4 A  I N S T E A D  O F  V Z 4 8 .  

USED INSTRUMENTS WANTED 
1 Type 532/B 

1 Type  512 or  
514 

1 Type  514 or  
515 

1 Type  531 or  
535 with B 
or  C Plug- 
In  Unit  

1 Type  531 or  
535 o r  541 
or  545 

George Peterson 
The  Aircraft Instru- 
ment Co. 
King of Prussia Rd. 
Ratlnor. Pa .  
Allen \V. Kurtz  
International Elec- 
tronics hIfg. Co. 
515 East Grand Ave. 
Springfield, Ohio 
Patrick Close 
Westgate Laboratories 
Box 63 
Yellow Springs, Ohio 
Rex V. Johnson 
39 Newell Avenue. 
Haddonfield, New 
Jersey 
0. Kienow 
5813 E .  19th Street 
Tucson, Arizona 

One  of the engineers of Maico Co. 
woultl like a 3" scope for his basement 
lab. Tek,  Rlinneapolis will act  a s  go- 
between. 
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DOES THE SQUARE WAVE RESPONSE 
OF YOUR SCOPE LOOK LlKE THIS? 

Fig. 1 

OR LlKE THIS? 

Fig. 2 

Unless the squarewave response of your 
scope resembles the waveform shown in 
Fig. 2 .  . . .better keep reading! 

A condition known as cathode interface 
can gradually develop in the vertical arn- 
plifier tubes of any oscilloscope, causing 
degenerat~on of medlum antl low frequen- 
cies. . . .leaving an overshoot on the lead- 
ing edge of fast-rise (2 psec o r  less) 
squarewaves (see Fig. 1).  

L o w  frequency degeneration is caused 
by the serles resistance (50 ohms or  
more) of an interface layer of cheniical 
impurities that forms between cathode 
sleeve and the barium oxide cathode 
coating. 

Leading edge overshoot is caused from 
the by-passing effect of the capacitance 
(.005fif or greater) between oxide coating 
and cathode sleeve. 

N O T E :  In a true sense, this is not a 
pure capacitance, as the electronic action 
within the interface la'yer (serving as the 
dielectric) is highly complex. 

T h e  rate at  which an interface layer 
forms within a tube is a function of cath- 
ode temperature, number of hours the 
tube is used, average cathode current, and 
the amount of impurities originally pres- 
ent in the cathode sleeve material. For 
example, high cathode temperature, long 
hours of  operation, a high percentage oi 
impurities in the nickel used to make tht  

:athode sleeve, and a low cathode cur- 
-ent flow will hasten the formation of the 
mpurities layer . .  . .in many tubes the 
ime required is less than 500 hours. 
However, a sizable current flow through 

.he tube tends to minimize the effective 
'ormation of an interface layer by pene- 
trating the accumulated impurities with 
random low resistance current paths 
(holes) between nickel sleeve and barium 
oxide coating. 

Evidently, interface will manifest itself 
in any instrument employing vacuum 
tubes to either display or  generate fast- 
rise square waves. W e  can assume that 
since a tube in operation can form an 
interface layer in less than 500 hours, 
instruments in operation 8 hours a day 
should be checked for evidence of this 
defect every 30 to 60 days, or  a t  least 
every 500 hours of operation. 

T o  check the vertical amplifier of an  
oscilloscope for indications of cathode in- 
terface, feed in a fast-rising square wave 
of  about 500 kc. Set the sweep rate to 
display several cycles. If an overshoot 
of  about 1/2 microsecond time constant is 
apparent, some of the vertical amplifier 
tubes have probably developed cathode 
interface. For absolute proof, plug the 
oscilloscope into an ac power source with 
a variable control. An increase in the 
output voltage of the power source will 
increase heater voltage and reduce over- 
shoot caused by cathode interface. A 
decrease in the output voltage of the 
power source will decrease heater voltage 
and increase overshoot due to cathode in- 
terface. 

T h e  only cure for the problem caused 
by cathode interface is replacement of the 
offending tubes. 

The  entire instrument should be check- 
ed and recalibrated at  least every six 
months. Only through periodic main- 
tenance, can the full usefulness, accuracy, 
and dependability built into Tektronix 
oscilloscopes be realized. 

Earl Anderson 
Customer Service Staff 
Tektronix, Inc. 

MEASURING MAGNETIC FIELDS 
.P 

Suggested reading for those people in- 
terested in the measuring of magnetic 

is the article "Wavemeter, Oscil- 
x c o p e  Measure Magnetic Field By 
'aramagnetic Resonance". This informa- 
ive article, which appeared in the Decem- 
~ e r  1959 issue of E L E C T R I C A L  D E -  
; IGN N E W S ,  claims an accuracy of  
'-0.06 percent in measuring the gap flux 
lensity of a magnet by the method de- 
cribed in the article. A further advan- 
age claimed for this new technique over 
onventional methods is the speed with 
vhich these measurements can be made. 

TYPE 502 TRIGGER AMPLIFIER 
TUBE PROTECTION 

Here is a simple modification to pro- 
tect the Type 502 trigger amplifier tube 
(V24) from high amplitude signals when 
used with external trigger input. 

Locate R10, a 1-meg, %-watt, 1070 
resistor. This resistor runs from ground 
to a point on the T R I G G E R  S E L E C -  
T O R  switch. From this point a wire strap 
connects to the P L U S - M I N U S  s\vitch. 
Replace this strap with a 470-k, %-\I,, 
1070 resistor shunted by a ,001-qf, 500-v 
discap. 

Type 502's with serial numbers above 
623 do not require this change. 

SUGGESTED READING 

For an excellent discussion on the con- 
nection between band\vidth and frequency 
response, composition of rise-time and 
other details associated \\it11 square wave 
testing, see Vol. 18, Radiation Labora- 
tory Series, "Vacuun~ Tube Amplifiers" 
( McGra~r-Hill) 

HOT SCOPE! 

'Sektronix Field Engineer Hal  Dosch 
reports lie has received \vord from Naval 
Intelligence that a Tektronix Type 515A 
Oscilloscope, S/N 3645 is missing from 
the U.S. Navy Electronics Laboratory at  
San Diego antl has apparently been 
stolen. 

If you shoultl see this instrument, 
know of its whereabouts, or  have any in- 
information regarding it, contact the 
nearest office of the Naval Intelligence 
Department immediately. 

TYPE 536 AMPLIFIER MODIFICATION 

A modification kit, to convert the type 
5894 tubes in the Type 536 vertical and 
horizontal circuits to type 6340's is avail- 
able. This conversion, which provides 
improved reliability and simplifies tube 



replacement, is applicable to instruments 
with serial numbers below 615. Instru- 
ments with serial numbers above 614 
have been factory converted to use the 
type 6340 tubes. The  kit contains: two 
wired tube socket mounting-plate assem- 
blies, one step-by-step check-off instruc- 
tion booklet with photos, schematic and 
parts list, all other components and hard- 
ware required in the conversion. 

Ask  your Tektronix Field Engineer for 
Type  536 VA-HA Tube Conversion Mod- 
ification Kit No. 040-192. 

OSCILLOSCOPE PHOTOGRAPHY 

A bulletin inten 
to the photography of traces on the 
cathode-ray tube of Tektronix 5-inch 
oscilloscopes is available. This is a re- 
vised and up-dated edition of a former 
bulletin many oscilloscope users found 
helpful. Suggestions are offered and some 
of the topics discussed are: Polaroid- 
Land* films, exposure guides and how to 
photograph different types of traces. 

Ask  your Tektronix Field Engineer for 
FIP-3, "Notes on The Practical Photog- 
raphy of Oscilloscope Displays." 

*Polaroid is a registered trademark of 
the Polaroid Corporation. 

THIS 'N THAT 

Occasionally the graticule studs on a 
Tektronix 5" oscilloscope work loose. 
You can r e ~ l a c e  these with a tapped stud 

Ask your Tektronix Field Engineer for: 

Tek No. Description Price 

355-043 Replacement graticule N/C 
stud 

212-507 Screw, 10-32x3/SUBHS N/C 
210-010 Lockwasher N/C 

W e  do not recommend the operation of 
a Tektronix Plug-In Oscilloscope with 
the side panels removed. The  fan will not 
distribute air properly to the plug-in pre- 
amplifier area when the side panels are 
not in place. Continued operation of the 
instrument under these conditions will de- 
crease tube reliability. 

Sometimes 01'1 the older Type 524 in- 
struments it is difficult to time the .1 
psec/cm sweep range. Tektronix Field 
Engineer Hal Dosch offers this sugges- 
tion to correct the difficulty: Be sure the 
horizontal sweep amplifier is properly 
con~pensated. Then, i f  adjusting the vari- 
able capacitor C231A will not bring the 
.1 psec/cm sweep into range, try reducing 
or shorting out R274. This 1.5-k, j/2-w, 
10% resistor is in series with C231A. 

USED INSTRUMENTS WANTED 
1 Type 524 Larry Hine 

120 Elmwood Place 
Shearill, N. Y. 

1 Type 310 J. M. Gottschalk 
or 310A 108 Charles Drive B-2 

Bryn hlawr, Penn. 

1 Type 541 D. A. Nina 
or 541A and Elion Instruments 
CA Plug-in 701 Canal Street 
Unit Hristol. Pa. 

1 Type 515A Jack Holcomb 
or 503 MacLeod Instrument 

Corp. 
Micro-Dyne Division 
4250 N.W. 10th Avenue 
Ft. Lauderdale, Fla. 
Phone: LO.  4-8518 

1 Type 515 
or 535/CA 

1 Type 530 
Series or 
preferably 
540 Series 

1 Type 524 

1 Type 514 

1 Type 511 
or 514 

1 Type 514 

1 Type 514 
or 531 

1 Type 514 
or 531 

Norm Haugen 
Communitronics 
2012 Longwood Road 
West Palm Beach, Fla. 
Phone: T E .  3-8320 

John Sutherland 
2706 21st Avenue S. 
Seattle. Wash. 

James Scharman 
Alvarado T V  Co., Inc. 
Albuquerque, New Mexico 

H. L. Ziegler 
275 Middle Street 
East Weymouth, Mass. 

J im Williams 
4424 Juniper Avenue 
Wichita 16, Kansas 

E. J. Crossen 
81 Cherry Lane 
Levittown, Penn. 

Herbert L. Rosenblatt 
Dept. 694, Burroughs 
Corp. 
Great Valley Labs. 
Paoli Penn. 

H .  Stuart Dodge 
Reliability Dept. 
Burroughs Corp. 
Great Valley Labs. 
Paoli. Penn. 

USED INSTRUMENTS FOR SALE 

2 Type C. W .  Penque 
511AD Sperry Products Co. 
S/N 3690 Danbury, Conn. 
and 3692 

1 Type 511A Larry Garcey 
S/N 4544 Electronic Transiston 

North Bergen, New Jersey 

1 Type 515A Gilbert Levy 
S/N 2298 Semi-Con Electronics 

River Road 
Edgewater, New Jersey 

- - 

Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. A-2029 



USEFUL I N F O R M A T I O N  FOR USERS O F  TEKTRONIX INSTRUMENTS 

C O P Y R I G H T  1959 T E K T R O N I X .  I N C .  

OCTOBER 1960 
P R I N T E D  I N  U. 8. A. 

VERTICAL AMPLIFIER TUBE PROBLEM 

T h e  T y p e  531A, 533, 545A, 551, and  
555 ins t ruments  use 6 D K 6  vacuum tubes 
in t h e  distributed-amplifier section of 
the i r  vertical-deflection circuits. Most  
6 D K 6  tubes  develop ca thode  interface 
a f te r  a few hundred  liours of operation in 
these  circuits. T e s t s  m a d e  a t  o u r  factory 
( a n d  in tlie field) have shown that  cer- 
tain commercially-available 6DK6's, wlicn 
used in these circuits, develop soniewhat  
less cathode-interface resistance. If you  
a r e  having  trouble with o n e  of t h e  above 
ins t ruments ,  w e  sugges t  a call t o  your  
local T e k t r o n i s  Field Engineer.  H e  \vill 
be  g lad  t o  help you pill-point the  tl-ouble 
a n d  sugges t  r e c o ~ n m e n d e d  corrective mea- 
sures .  

TYPE 5351545 DELAYING 
SWEEP-RANGE 

MODIFICATION KIT 

T h e  sweep  delay available in a T y p e  
535 o r  545 oscilloscope can be  increased 
o n e  hundred  fold. A nlodification t h a t  
ex tends  t h e  upper limits of tlie sweep 
de lay  to  10 seconds (upper  limit of origin- 
al  equipment is 0.1 second) is available 
in ki t  fo rm.  T h e  desirable feature of 
cont inuous  calibrated ad jus tment  has  
been  retained a n d  a n y  period of delay 
f r o m  1.5 microsecond to  10 seconds can 
be  accurately selected. 

T l i e  modification is accomplished b y  
replacing the  s tandard  2 ~ n i c r o s c c o ~ ~ d / c m  
t o  10 millisecond/cm delaying-sweep 
r a n g e  wi th  a 3 microsccond/crn t o  1 sec- 
o n d / c m  range.  

T h i s  modification applies only to  tlie 
T y p e  535 and  T y p e  545 instruments-all 
serial numbers .  T h e  T y p e s  535A and  
535A ins t ruments  c o m e  equipped with a 
2 microsecond/cm to  1 second/cm de- 
laying-sweep range.  

T h e  modification kit contains a wired- 
s\vitch assenibly, s tep-by-step instructions, 
photos,  schematic anti par t s  list. O r d e r  
t l ~ r o u g h  your  T e k t r o n i s  Fieltl Oificc. A s k  
for  T y p e  535/535 1 second/cni Delaying 
Sweep-Range  l lot l i f icat ion Ki t ,  T c k  n u n -  
ber  030-1 79. Pr ice  is $30.00. 

THIS'N THAT 

I n  T e k t r o n i x  ins t ruments ,  a special sil- 
ver-bearing soltler es ta l~ l i shes  the  I ~ o n d  to  
t h e  ceramic terminal  s tr ips.  Rcpeatctl use 

~f o rd inary  soltler o r  t h e  application of  
too much heat  \\.ill break tliis bond. 

\\re rcconi~iientl  tlie use of a solder con- 
taining about  3% silver \vhen soldering 
311 T e l i t ~ ~ ~ i i s  i n s t ~ - u ~ i l e n t s .  T h i s  type of 
solder is o i ten  uscd in printed circuitl-y 
antl slioultl be  readily available from 
your  local supply source. If you esper -  
ience difficulty in obtaining this soltler, 
it m a y  be  ordered  through yonr  T e k t r o n i s  
Fieltl Office. A s k  for  Tektl-onis  t i ~ ~ r n b c r  
251-514 Solder,  Silver Bearing 1#  spool 
(3% si lver) .  Pr ice  $3.50. 

T l ie  fan m o t o r s  of mos t  T e k t r o n i s  in- 
s t ruments  s l i o ~ ~ l t l  be  oiled 1x1-iotlically 
(see tlie maintenance section of your  
instruction manual ) .  A couple of drops 
on  tlic end of a toothpick is sufficient. A 
good suggest ion would he to  oil tlie 
motor  every t ime  the  air  filter is cleaned. 
If tlic air  cleaner is never cleaned, you 
can oil the  new m o t o r  you install! 

AN INEXPENSIVE COATING FOR 
WORK BENCH SURFACES 

, . 
Jack  13annistcr, a 1 eliti-onis Field 

l l a in tenance  Engineer ,  l ~ a s  sent  in a sug- 
gestion for improving  the  surface of  a 
w o r k  bcncli. 1-Ie coated his bench top 
with a n  epoxy  resin. I n  addition to  be- 
ing  easy to  I i e ~ l )  clean, the  resin \\.cars 
a\vay a t  a much slo\vcr rate than mason- 
itc aud  liceps O I I C  {I-on1 gouging  a hole 
in tlie \vorli bench \vlien turning instru-  
ments-especially t h e  older  sqnare-cor-  
11ered OIleS-over. 

Jack first faced t h e  i ron t  of his I ~ e n c h  
with \vood t o  e l imi~ia te  a nietal rim a n d  
t l ~ e n  put  t h e  resin over  tliis \vood also. 
T h e  resin st icks ~ v e l l  t o  masonite, \vootl, 
painted metal  and  plastic n.ood. R e  sure  
the  plastic ~ v o o d  is coniplctely d r y  I~efore  
the  resin is applied, o t l~er \v i sc  the  resin 
tends  to  s t a y  soft over  it. T h e  tnaterial 
to  be coverctl slioultl be  clean and  free 
o i  \ \ as .  All cigaret te  o r  soldering-iron 
burns  s l~oul t l  be  sanded tloivn to  clean 
tnaterial-the resin doesn' t  \\.ant to  stick 
to  char red  si~rfaces-and any  holes, 
gouges,  o r  i n t l e ~ ~ t a t i o n s  filled \vitli plastic 
\vootl. Care  should be  uscd in tliis phase 
a s  tlic resin is  clear, slightly a n i l ~ e r  in 
color a n d  tends  to  accentuate any  messy 
'\vorIi. \\'ark tlie I-esin in \\-ell. I t  has a 
tendency t o  no t  stick to  tlic s i ~ r i a c c  \vhile 
it is liquid a11t1 \vo~-l i ing it into t l ~ e  surface 
liclps to  overcome this  fault. Once  dry  
it adheres  vcl-y u e l l .  I\ quar t  provides a 
t\vo coat  finish for  a 6's 3' 1)cncli top  

intl the  coriiplcted surface will be  
;moother  if you sand  a bit bet\vcen 
:oats. 

Surface coat ,  the  desira1)le type of resin 
-or this  \vo~-k ,  is m a d e  hy  several com- 
~ a n i c s .  Y o u r  supplier caii provide you 
ivith measuretl a m o u n t s  of resin and  cat- 
:llyst a s  ivell a s  a 2" inch I ~ r u s h  to  apply  
; I I C  coat ing.  T h e  brusli should have a 
ipecial resin-resistant glue to  hold t h e  
hristles. 

Cost  of tlic resin, catalyst  arid I ~ r u s h  t o  
d o  Jack's  joh \vas $5.50. 

SILICON RECTIFIER MOD KITS 

I3clow is a partial list of the  currently 
available silicon rectifier field modification 
kits. T h e s e  ki ts  replace tlie selenium 
rectiiiers in t h e  low-voltage po\ver Sup- 
ply of s o m e  T e k t r o n i s  instruments with 
t h e  silicon type  rectifiers. T h e s e  m o r e  
reliable rectifiers give longer service arid 
tlie ki ts  a r e  designed to  be installed with 
a min imum of effort. 

E a c h  ki t  contains a prcwirctl chassis 
with silicon rectifiers mounted,  stcp-by- 
s tep  instruct ions,  photos,  schematic and  
par t s  list. 

W e  strongly rcconimend tha t  you place 
your  o r d e r  for these ki ts  tlirougli your  
Tcliti-onix Field Engineer.  H e  can apply 
the  special consitlerations necessary when 
order ing  some of tlie ki ts  antl thus  assure 
you  speedy delivery of the  correct  ltit for 
your  instrument.  

T y p e  310 Oscilloscope, all serial num-  
bers  I)elo\\; 7141. O r d e r  T e k t r o n i s  T y p e  
310 Silicon Rectifier Modification Kit ,  
T e k  number  040-195. Price:  $30.00. 

T y p e  513 Oscilloscope, all serial num-  
bers.  O r d e r  T e k t r o n i s  T y p e  513 Silicon 
Rectifier Mod Kit ,  T e k  number  030-211. 
Pr ice :  $30.00 

T y p c  515 o r  5 l 5 A  Oscilloscopes, serial 
nuriibcrs b c l o ~ v  1030. 01-der  Te l i t ron is  
T y p e  515/515A Silicon Rectifier 3Iod Kit ,  
T e k  number  030-205. P r i c e  $21.00. 

T y p c  R l l l j  Oscilloscope, serial num- 
bers  belo\\, 756. O r d e r  T e k t r o n i s  T y p c  
R l I l 5  Silicon Rectifier Mod Ki t ,  T e k  
number  010-208. Pr ice :  $35.00. 

T y p e  524 Oscilloscope. T h e r e  a r e  spec- 
ial considerat ions to  be m a d e  \viicn or -  
der ing  a silicon rectiiier for this instru-  
nient. Consult  your  T e k t r o n i s  Fieltl En-  
gineer I ~ c f o r c  placing your order.  - 



T y p e  525 Television Waveform hioni- 
tor, serial  numbers below 526. Order  
Tek t ron ix  Type  525 Silicon Rectifier Mod 
Kit, Tek number 040-207. Price: $28.00. 

A s  previously stated, this is but a 
partial list of the available silicon rectifier 
modification kits. Contact your Tektronix 
Field Engineer for information on in- 
s t rumen t s  not included in this list. 

IMPROVED TRIGGERING LEVEL 
CONTROL WHEN TRIGGERING FROM 

EXTERNAL WAVEFORMS 

T h e  T R I G G E R I N G  L E V E L  control 
of a T y p e  530 Series, a Type 540 Series, 
or  a T y p e  551 Oscilloscope becomes ex- 
t remely sensitive when the instrument is 
tr iggered exter~lally from very low ampli- 
tude signals. T o  some, the ability to 
tr igger reliably from these signals is im- 
portant.  hIore so than the ability to range 
through the positive or  negative slope of 
relatively large signals. For these people, 
Tektronix  Field Engineer, John hlulvcy, 
suggests  the follo\ving modification: Lo- 
cate, o n  the T R I G G E R I N G  M O D E -  
T R I G G E R  S L O P E  s\vitcIl a 56 k, % \v, 
10% resistor antl a 0.001 pi, 500 v capaci- 
tor. These  are designated on the Type 
531, 535, 541, and 545 schematics as R1S 
and C17; on the Type 533, 543, and 551 
schematics as R21 antl C20; and on the 
Type  532 schematic as R319 and C317 
Jumper  the top of the resistor to the tor 
of  t he  capacitor. This reduces, by almos 
10 to 1,  the sensitivity of the T R I G G E F  
L E V E L  control to low-amplitude exter 
nal signals. A switch can be wired in th ,  
jumper to allow the operator to selec 
the correct triggering-level range for t h  
external triggers being used. 

T h i s  modification applies only to  th 
instruments in the Type 530 and 548 
S2ries antl to the Type 551. The  T y p  
53lA, 535A, 541A, 545A, and 555 trigge 
reliably on external signals of from 0.2 
to 10 v. 

USED INSTRUMENTS FOR SALE 

1 Type  Pennon Electronics, Inc. 
511AD Ser. 7500 South Garfield Ave. 
#5160 Bell Gardens, California. 

1 Type  513D Bill Johnson 
Ser.  #691 Station W P C A-TV, 

Ch. 17 
Mermaid Lane 
Philadelphia 18, Penn. 

Type  531 Dr. Harry  Williams 
Ser. # 114 Pharmacology Department 
with Emory University 
Type  C Atlanta, Georgia 
Plug-In 
Unit  Ser. 
#I16 

. Type 53D 
Ser. #I18 

I Type 53,'- Argonaut 
54C Ser. At tn :  Ken Rlollenauer 
#7414 250 llitldlefield Road 

Menlo Park, California. 

INSTRUMENTS TO TRADE 

1 Type  532 John Kimber 
wants a Transitron Electronics 
Type 575 Denver, Colorado 

H e  is willing to pay some additional 
for the Type  575. 

USED INSTRUMENTS WANTED 

6 Type 514's DeVry Technical Institute 
or  524's Rrentlan Hawkins 

4141 W .  Relmont Ave. 
Chicago, Ill. 

1 Type 524 or  Robert Breed 
any Tek- P .  0 .  Box 372 
tronix Camden 1, New Jersey 
Wide-Band 
(10 RIC) 
scope 

1 Type  530 or  L.F. Gilbert 
540 Series Bailey Meter Company 
Price $300 1040 Ivanhoe Road 
to $400 Cleveland 10, Ohio 
(condition 
no object) 

1 Type  517 Warren F. Stubbins 
University of Cincinnati 
Eden and Uethesda Ave. 
Cinejnnati 21, Ohio 

TROUBLE-SHOOTING HINT 

If you are troul~letl by an erratic trig- 
gering problem in your Type 316 Oscillo- 
scope that has defied your efforts to cor- 
rect it, you might consider the following 
infomiation. 

l'elitronix Maintenance Engineer Joe 
Vistica, \\.hen conf~-o~~te t l  \\.it11 this pro- 
blem, de te r~n i~ led  that the trouble was 
caused by about 5 to 10mv of 60 cycle 
ripple bet\veen the sub-panel and the 
s\\-eep cl~assis.  H e  eliminated the problem 
by  removing t l ~ e  front panel antl sub-panel 
antl sanding the sub-panel, s\veep 
chassis and vertical cllassis at  theit 
points of contact ~ v i t h  each other. Disas- 
sembly, sanding and reassembly requireti 
about 2% I~ours.  Joe says, "I am happy 
to report that after all this the illstrumen1 
\vorlicd perfectly." 

CORRECTION 

A typographical error slipped past the 
not so" eagle eye of your e d ~ t o r  in the 
.ugust Issue of S E R V I C E  S C O P E  I n  
ie article "Type 536 Amplifier Rlodif~- 
at~on", the tube type number 6340 should 
sad 6360. 

rYPE 5240 OR 524AD TRANSFORMER 
MODIFICATION KIT 

Early models of the Type 524D and 
24AD (instruments with serial numbers 
telow 5729) used 6 x 4  rectifier tubes in 
heir low-voltage po\rer supply. An in- 
ernal short  developing in this tube could 
ause a current surge through the trans- 
ormer that ~vould  dan~age  the transfor- 
ner antl require its replacement. A fuse 
.esistor can be installed in the plate leads 
) f  the 6 x 4  tubes to prevent this damage. 
9 modification kit containing schematics, 
nstructions and necessary components to 
nake this installation is available. Ask 
r o ~ ~ r  Tektronix Field Engineer for Type 
j24D or  524AD Transformer Protective 
hiodification Kit, Tek  n u ~ n l x r  040-196. 
There is no charge for this kit. 

FLASH! 
HOT SCOPES! 

W e  have just received wort1 from the 
Bendis Con~pu te r  Division of Rendix 
Aviation Corporation that Tektronis Type 
310 Oscilloscopes have apparently been 
stolen from three of their field engineers. 
Instruments with serial numbers 10415 
and 10867 tlisappearetl from the Chicago 
area and one \\it11 serial number 11735 
from the Kansas City, l l i ssot~r i  area. If 
you have any information on these instru- 
ments contact Harvey W .  Renfeldt, Cus- 
tomer Engineering Computer Division, 
T h e  Rendis Corporation, 5630 Arbor 
lr i tae Strect, Los Angeles 45, Calif. 

Any Telctronis instrument offered for 
sale n-itliout a serial number or  one that 
sho\vs signs of attempts to alter or re- 
move the serial number should I,e viewed 
\\.it11 suspicion. If you have an instrument 
ivitll these indications, contact your local 
Telctronir Field Office. In most instances 
there al-e ways to trace the instrument 
and determine i f  it has Ixen stolen o r  not. 



TEKTRONIX OPENS TWO NEW FIELD 
OFFICES 

W i t h  the opening of t \ \ o  ne\v field of- 
f~ces ,  the  servtces offered by a Tektronix 
F ~ e l d  O f f ~ c e  have been made more con- 
ven~ent ly  ava~lable to people in the In-  
d ~ a n a p o l ~ s ,  Ind~ana  area and in the section 
of Callforn~a con~posed of Santa Maria, 
Vandenberg AIS Force Base and the San 
Fernando Valley areas. The  o f f~ce  serv- 
ing t h ~ s  Cal~fornia area is located in En-  
ClIlO. 

T h e  Indianapolis Office is located a t  
3937 North Keystone Avenue, Indian- 
apolis 5, Indiana. The  phone number is 
Liberty 6-2408 or 6-2409. At this location 
you can call on Tektronis Field Engineer 
Ted Anderson or Fieltl Secretary Ann 
Dollars to avail yourself of the field ser- 
vices. 

1 ." 
Fort 

Wayne 

/ i a f a y e + + r  

T h e  Encino Office is located a t  1741E 
Ventur-a I3oulevard, Encino, California 
A phone call to State 8-5170 will put  yo^ 

in touch w ~ t h  Tektronis Field Engineer: 
Duncan Doane, Jim Cook, or  Fieltl Sec 
retary Phyllis Lliorth. This staff wil 
gladly assist you in matters pertaining tc 
Tektronis  instrurne~its or  services. 

TIMING IN A "PINCH" 

The  follo\ving method may be used to 
adjust the sweep timing in any Tektronis  
oscilloscope which has a variable siveep- 
time control and triggering-level control. 
The oscilloscope itself is the only instru- 
ment used in making this adjustment. 

T h e  60-cycle line frequency and the trig- 
ger circuit are used to establish a time 
reference. Set the T R I G G E R  S L O P E  
control to + or  - L I N E  and the T R I G -  
G E R I N G  M O D E  control to AC or  DC. 
Using a probe, connect the output of the 
trigger circuit to the vertical input anti 
set tlie TIME/Chf  and V A R I A B L E  
T I h l E / C M  to display one cycle in 10 cm 
of graticule length (see Fig. 1). With 
the T R I G G E R I N G  L E V E L  control, ad- 
just the display until the first portion 
(negative half cycle) dccupies 4.8 crn of 
gratieule length (see Fig. 2). This estab- 
lishes a time reference of 8 ~nilliseconds. 

Figure 1 

Figure 2 

Now that the time reference has beel 
set up, turn the VAR1ABI.E T I M E ,  
C l I  to the CA1,IBRATED position, se 
the TIME/CLf control to the 1 milli 
second position and adjust S W P  C A I  
control so that the f ~ r s t  half cycle of tht 
display covers 8 centimeters-l,et\\~ee~i the 
2nd and 9th vertical graticule lines (sec 
Fig. 3) .  

Figure 3 
N O T E :  This method is not recom- 

mended except in instances \\-here an  ac- 
curate time mark generatos such as the 
Tektronis Type 180 is not available. See 
your Tektronis Field Engineer for a copy 
of  tlie factory recomn~ended calibration 
procedure. 

311h-e Nash 
Customer Service Staff 
Tektronis,  Inc. 

A HELPING HAND 

T e k t ~ o n i x  Fieltl Engineers are in daily 
contact with users of cathode-ray oscil- 
loscopes in almost all branches of in- 
dustry and research. These contacts af- 
ford a continually varying experience in 
oscilloscope uses and applications. For  
help \vitli an oscilloscope problem that 
has defied your efforts at  solution or  one 
that you feel may have a better solution, 
consult the Tektronix Fieltl Engineer in 
your area. H e  is no farther away than 
your telephone antl he may have the an- 
swer to your problem. In  any event he 
will be happy to consult with you and 
sho\v how to use Tektronix instrunients 
to their fullest capabilities. 

CHANGE IN STANDARD P2 PHOSPHOR 

A new i11il)rovctl-type phosphor is now 
usctl in all 'l'ektronis cathode-I-ay tubes 
calling for a P2 p1iospho1-. This new 
Type P2 phosplior can be distinguished 
by its I~lue  fluorcsccnce. T h e  older P2  
pliosplior, as you will recall, fluoresced 
green. 
, . l l i e  prima~-y reason for the phosphor 

change was to improve the writing rate 
of the tubes. Tlie nc\v P2  pliosphor has 
a writing rate approximately 7570 that 
of the P11. 

Even though the new Type  P2  plios- 
phor decays to 10% of full brightness in 
only 2 ~tiillisecontls (compared to about 
100 millisecontls for the old type),  the 
long-term persistence components of  tlie 
t ~ v o  types have nearly the same energy. 
Futliermore, the brightness of tlie new 
phosphor is much better than the old. 

There  are' t\vo peaks in spectl-a1 re- 
sponse of tlie ne\v phosphor. A major 
peak occurs at 5300 Angstrom units 
(0.5300 micron) antl a minor peak occurs 
a t  3500 Angstrom units (0.3500 microns).  

One other tlcsira1)le chal-acteristic of tlie 
new phosphor: it has distinct advant- 
ages for oscilloscope photography. 

Tektronix Instrument-Repair Facilities: There  is a fully-equipped and properly-staffed Tektronis 111- 
strument Repair Station riear you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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DECEMBER 1960 
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TIMING THE TYPE 530Al540A 
SERIES OSCILLOSCOPES 

H e r e  is a procedure that  will save the 
technician, generally familiar \\lit11 the 
T y p e  530A/530A Series Oscilloscopes, 
considerable time \vheri calibrating tlie 
sweep circuits of these instl-uments. Th i s  
procedure is not recommended for tlic 
technician attempting such calibration 
f o r  the  first time. Technicians in this 
ca tegory  will do  well to adhere to  the 
instructions as  outlined in the factory rec- 
ommended calibration procedure, copies 
o f  which can be obtained through your 
, . 1 ektronis  Field Engineer. 

Th i s  procedure requires the use of a 
T e k t r o n i s  Type  180A Time-Mar-k Gen- 
era tor  o r  any other frequency generator 
accura te  to  within 1%. Remember, \vhile 
t iming, position top of marks near the 
graticule horizontal center line and focus 
carefully. 

Xechanically presetting of the controls 
a s  s h o m ~ ~  in the sketch is the key to 
saving time in this shortcut procedure. 
Posit ions of the controls after final ad- 
justment will not vary appreciably from 
those  sho\vn in the diagram unless tubes 
o r  o ther  components are not up to stand- 
a rd .  Substandard tubes or components 
should be located and r e~ laced .  

T h e  sketch as  slio\\m looks into the 
instrument with the side panel removetl 
and from a position to the right antl 
slightly above tlie instrument. 

After setting the S W P .  CAL.  and 
MAG.  G A I N  in the normal manner,  
mechanically preset the identified con- 
t ro ls  a s  sho\vn in the sketch. See Fig. 1. 

Fig. 1. 

S t e p  1 Set the  T I h l E / C M  switch to  
.I mill~sec/cm, 5X M A G N I F I -  
E R  to O N .  Apply 10 psec mark- 
ers to the V E R T I C A L  I N P U T .  
Place first mark  near the center 
vertical graticule line. Rotate 
the T I M E / C l I  s\vitcli between 

the .1 millisec and the 50 psec 
pos~t ions  and atljust C330 for no 
shift of tlic start  of s\vccp. 

Step 2 Set 5X M A G N I F I E R  to O F F ,  
T I I I E / C 3 1  switch to  10 psec/cm. 
Apply 10 psec markers to  V E R -  
T I C A L  I K P U T .  Position start 
of s~vcep  on first vel-tical gratict~le 
line antl atljust C160E for one 
11iark per centimeter l)et\veen tlie 
second and tenth \.e~-tic;il graticule 
lines, (tlisl-cgartl tlic first and 
tcntli centitneter tlivisions). See 
Fig. 2. 

Fig 2. 

S t e p 3  Set TIi\IE/Ci\I  s\vitch to 1 
psec/cm. Apply 1 psec markers 
to the V E R T I C A L  I N P U T  antl 
atljust C160C for one mark per 
c111 bet\veen the secontl ant1 tentli 
vertical graticule lines. 

Step 4 Set T I l I E / C h l  s\vitcli to .5 
psec/cni. Apply 1 psec markel-s to 
V E R T I C A L  I N P U T .  Adjust 
C160A for 1 mark per 2 cm using 
the third antl ninth vertical gl-ati- 
cule lines. See Fig. 3. 

Fig. 3. 

qtep 5 Set ; ~ ' I ~ I E / c ~ I  s\vitcl~ to . I  
psec/cm. Apply a 10 mc sine 
\\.a\-c to \-ERI'ICAI. ISPU'I'. 
Apply 10 pscc nial-Itel-s to the 
T R I G G E R  I K P U T .  Set T R I G -  
( ;ER SI .OPE s\vitcli to + or - 
EST.  Adjust C31S for one cycle 
per cm l)et\vccn tlic second antl 
tenth vertical gl-aticulc lines (C37.j 
s l~ould  not he adjr~stetl at  tliis 
t ime).  

5tcp 6 Set T I l I E / C I I  s\vitcli to  .5 
pscc/cm. r\pply a 50 mc  sine 
\rave to \.EIZI'ICI\L II\TPUr17. 
:\pply 10 pscc markers to the 
'TRIGGER I X P U T .  Set 'TRIG- 
G E R  ' S L O P E  to + or - EX?'. 
Place stal-t of trace on first verti- 
cal graticule line. Turn  5X MAG- 
N I F I E R  to O X .  Adjust C3S1 
fo r  maximum space I)ct\veen cy- 
cles of the display. KO\\ atljust 
C364 preciscly for one cycle per 
cm Ixtiveen the second ant1 tentli 
vertical graticulc lines. If timing 
uil l  not adjust precisely, reverse 
tlie ostler of atljustmcnt of C384 
antl C361 a1)ovc. If this docs 
not allow accurate timing, intcr- 
cliange tlic t\vo horizontal- 
output 6DJ8 tul~es.  As a last 
resort try replacing one a t  a 
t ime the 6DJS output tu1,es. If 
the instrument still \\.ill not come 
into adjustment, refer to  tlic 
t~-oul)le shooting section of tlic 
particular instl-unietit's instruction 
manual. 

Step 7 Using the H O R I Z O N T A L  
P O S I T I O N  control, place the 
"fifth cycle in" from the left hand 
side of tlie trace on tlic secontl 
vertical graticule line antl 01)servc 
the timing I)et\vcen the seconrl 
and tenth vertical graticule lines. 
Tolerance is 3%. Check the right 
hand side of the s\\-cep in the 
same manner using the "fifth from 
last cycle" antl placing it on the 

r. 

tenth vertical graticule line. 
l l i i s  procedure is used to good atl- 

vantage by tlie Field Training antl Cus- 
tomer Training Department here at  the 
factory in their training course. \\:e are  
indebted to Ton1 Smitli of this depart- 
ment for tlic procedure antl for his as- 
sistance in bringing it to you. 

TYPE 517 SWEEP LOCKOUT 
MODIFICATION KIT 

T h e  Sweep Locko~i t  feature, standard 
on all Type  517A Oscilloscopes, can be 



a d d e d  t o  your older model Type  517 in- 
s t rumen t s .  I~istallatiorl of tlie Type  517 
Sxveep Lockout llodification Kit will 
accomplish this. This  feature makes pos- 
sible tlie study of one-shot phenomena 
with the  Type  517 Oscilloscopes. All 
T y p e  517 instruments with serial numbers 
above  926 \vill accept this modification. 
T y p e  517 instruments below serial num- 
ber 926  require the installation of another 
modification (Duty  Cycle Limiter Mod*) 
before  the Type  517 Sweep Lockout 
~ l o d i f i c a t i o n  can be installed. 

T h e  Type  517 Sweep Lockout Mod Kit  
conta ins  the necessary components, wired 
chassis,  step-by-step instructio~is, sche- 
mat ic ,  photos antl parts list. 

O r d e r  from your Tektronix Field Of- 
fice o r  Engineer. Specify Type 517 
Sweep  Lockout l f o d  Kit ,  T e k  number 
040-203. Price is $45.00. 
* T o  obtain this kit, order Type  517 
D u t y  Cycle Limiter Field hIod Kit ,  
T e k  number 040-107. Price is $10.00. 

TYPE 502 SWEEP LOCKOUT 
MODIFICATION KIT 

Y o u r  Type 502 (all serial numbers) 
can  be  modified for the study of one-shot 
phenomena by installation of a Type 
502 Sweep Lockout Mod Kit. 

T h e  Sweep Lockout feature permits 
you t o  a r m  the sxveep to fire on the next 
t r igger  to arrive. After firing once, the 
slveep is locked out and cannot fire 
again  until rearmed by pressing a R E -  
S E T  button. 

T h e  modification kit converts your 
T y p e  502 Oscilloscope for this type of 
operation and retains the original fea- 
tures  of the instrument. The  kit inclutles 
a n-ired chassis assembly, ne\v panel, 
necessary components, photo, schematic, 
step-by-step instrnctions and parts list. 

O r d e r  from your Tektronix Field Of- 
fice o r  Engineer. Specify Type  502 
S\\-eep Lockout l l o d  Kit ,  T e k  number 
040-209. Price is $45.00. 

I M P O R T A N T :  Give serial numbel 
of your instrument so  new panel can be 
numbered at  factory. 

TYPE 575 COLLECTOR CURRENT 
MULTIPLIER MODIFICATION KIT 

T h i s  modification increases the current 
range  of the vertical axis of the early 
models (serial numbers below 862) Type 
575 Transistor Curve Tracer.  T h e  addi- 
tion of a X-2 and a X-0.1 push buttoll 
Collector Current Multiplier controls 
provides a means of multiplying by 2 
or dividing by 10 the 24 calibrated step: 
of tlie Vertical Current or Voltage/ 
Division switch. Th i s  increases the cur- 

ent range of the switch frorn 1000 - 0.01 
na per division to 2000 - 0.001 m a  per 
livision. 

Inclutled in the modification kit is a 
8 amp  circuit breaker to replace the 1 
imp fuse in the collector sweep, a \\ired 
,ollector Current per Division s\vitcli, 
itep-by-step instructions for drilling the 
ront panel and for installation of the 
;witch and other parts, and a parts list. 

Order  from your Tektronis  Field Of- 
ice or Engineer. Specify Type  575 Col- 
ector Current M\.~ultiplier hIod Kit ,  Tek  
iuml~e r  040-197. Price is $35.00. 

AN ENVIABLE PERFORMANCE RECORD 
Recently, \ve received a report from 

Tektronix Field Engineer Ho\vartl King 
attesting to a remarkal~le reliability per- 
formance by eight Type  502 Oscillo- 
scopes. These instruments are a perman- 
ent part of the I3evatron control system 
at  the University of California Radiation 
Laboratory. Here  they are  subjected to 
a periodic maintenance inspection antl a 
thorough recali1)ration every six months.  
Except for the time required to make 
these inspections antl recalil)rations, tliesc 
instruments have been in continuous op- 
eration since their installation in 3IarcIi 
of 1959. T h e  group in charge of this 
installation has kept very complete main- 
tenance and failure charts. .A check of 
these charts reveals a truly phenomenal 
record-only 14 failures in a total of 
almost 100,000 hours of operation. All 
except two failures \\.ere frorn tubes. Of 
these exceptions, one was from a tlefec- 
tive high voltage transformer, the other 
Iron1 a sliortetl lead to a tube socket. 

QUESTIONS FROM THE FIELD 
1. Q. Ho\v much can be cut from the 

cable of tlie standard P 4 l 0  prol)e 
before running into t roul~le?  

A. A couple of inclies can be cut 
from the stantlard P4lO cable be- 
fore overshoot is seen \\.it11 critical 
eyes. Allout four inches can l x  cut 
from the eight-foot cal~le.  

2. (2. W h a t  is tlie purpose of the small 
plastic board, c o n t a i n i ~ ~ g  four atl- 
justable coils, located in the Type 
551 upper beam-vel-tical amp1ifie1-? 
\\Thy is it sometimes left uncon- 
nected ? 

A. Normal manufacturing tolerances 
\vill sometimes result in a slight tle- 
lay I )e t \vee~~ vertical amplifiers. 
Tlicse additional coils compensate 
for this delay antl thus offer superi- 
or beam rcgistl-ation. Often i t  is 
not necessary to  use the additional. 
delay. 

3. Q. O n  a Type 517 \\-here is a likely 
place to looli for stray pickup? 

A. A likely place for this is a poor 
groniid connection. This  can occur 
l)et\veen the grounded por t io~i  of 
the coax input connector antl tlie 
pre-amplifier sub-chassis. \\'lien 
checking for pickup, the preamp 
grids s l i o ~ ~ l d  be sliortetl as close to 
the tube as possi1)le. Th i s  \vill elim- 
inate pickup bet\\-een tlie input coil- 
nectors and the grids. 

1. (2. Can the Collector S\veep of a 
Type  575 be modified to provide 

a plus and minus voltage, auto- 
matically s\vitched, for vielying 
symmetrical zeiiner diodes? 

. Yes; this can be accomplislictl 
1)y shorting out one of the po~ve r  
tliotles in the collector s~vcep  ant1 
disconnecting the opposite tliodcs. 
7 .  I his \\-ill give a sine \vave at the C 
terminal. 

. Q .  On the R3I16, \vliat causes the 
.02-v/tliv. position to so~net imes  
seem under compensated while the 
0.2-v/tliv. is O K ?  

.A. C545, a 500-mfd cathode by-pass 
capacitor, has a nieclia~iical ground 
through its case. A poor ground 
connection here can cause apparent 
under compensation of the .02- 
\-/div. setting. 

. Q .  Can tlie Type 310 Oscilloscope 
(60 to 800 cycle polver supply) l)e 
operated on 50 cycle for short  peri- 
ods?  If so, l i o~v  long ~vould  es ter -  
tial fan cooling help? 

. A  \\'e strongly recon~mend against 
using tlie 60 to 800 cycle Type  310 
on 50 cycles. Gordon Sloat, of our 
'Tratisformer Depal-tmcnt, says this 
is equivalent to operating the pri- 
mal-y at  145 volts, 60 cycles. E s -  
ternal-fan coolinl: \voultlti't help 
much as  heat I>uilds up fast inside 
the ti-ansformcr. 

'. Q. W e  have a Type 545.i \vhicIi 
keeps I)lo\ving fuses as  soon as  
the ins t ru~nent  is turned on. I n -  
vestigation has not revealed a short. 
Have you any solution to this proh- 
lem? 

A. Check the silicon rectifiers. Per-  
haps you have one that has shorted. 
Because the opposite diode is good, 
a four-ohm short  circuit appears 
across the winding on one half o f  
the cycle only. T h e  defective diode 
fuses open completely o r  becomes 
intern~ittently shorted and open. 
T h e  opposite diode sliould also be 
changed since it \voultl be damaged 
11y the high short-cil-cuit current. 
Either diode c o ~ ~ l t l  become inter- 
mittent i f  one shorts out. 

3. Q. \Ve have run into some oscilla- 
tion problems in checking 500- 
megacycle-type transistors on the 
Type 575. ;\re there any other 
tricks besides the use of ferrite 
beads to eliniinatc 01- minimize 
these oscillations? 

A. Here  are t\vo other possible solu- 
tions to  the prol~lem:  

1. Place a small series R C  be- 
tween collector and emitter at  
the panel socket. Approxi- 
mate values of 47 pf antl 82 
ohms seem to do the job \vitli 
very little effect on the de- 
sired curve. T h e  same R C  
contiected from emitter to 
ground also does the trick 
for some transistors. 

2. T h e  simplest n ~ e t h o d  is to  
plug another transistor into 
the unused socket. However,  
this solution doesn't \vork 
every time. The  dummy tran- 
sistor need not he a mate  
to  the one being clieclcetl. 



MVUlPlLA I IUN KI I 

FOR BLANKING 
CHOPPING TRANSIENTS 

/ 

'This modification applies to the Type 
531, 535, 541, 545, Rh131, Rh135, Rh441 
antl R V 4 5  Oscilloscopes. \\'hen a Type 
53C, Type 53/54C or Type CA Dual 
Trace  Plug-In Unit is operated in its 
chopped mode \\-it11 these instruments, 
transients appear \\-it11 the trace. If you 
find these transients objectionable, you 
can eliminate them by the installation of 
a modification kit. 

r 7 I. his modification supplies a blanking 
voltage that can be applied to the cr t  
cathode (by means of a switch) when a 
dual-trace plug-in unit is operatetl in its 
chopped mode. 

'The mod kit includes a con~plete set of 
components, parts list, schematic, photos 
and step-by-step instructiotis. Please 
order  through pour Tektronis  Field Of- 
ficc or  Engineer by tlie follo\ving des- 
cription: 

F o r  Type 531, 535, 541 and 545 Oscil- 
loscopes, serial numl~ers  101 t111-ough 
4999, specify Type 530/540 Series Cliop- 
ping-Transient-Bla~ikit ig Rfotl Kit, T e k  
number 030-200. Price is $5.25. 

F o r  Type  531, 535, 541 and 545 Oscil- 
loscopes, serial numbers 5000 and up,  
and Type Rhf31, RAI35, R l I41  antl 
RM45 Oscilloscopes, all sel-ial numbers, 
specify Tek number 040-198. Price is 
$5.25. 

TYPE 162 WAVEFORM GENERATOR 
SOLVES SINGLE SHOT UNBLANKING 

PROBLEM 
A customer, using a Type 536 Oscil- 

loscope to plot plate current agains 
plate voltage in a diode, Tvas having 
difficulty. H e  Lvas using a hand-operate( 
mercury s\vitch to pulse the diode. Be 
cause of the single shot type of operatio1 
plus tlie fact tliat the Type 536 has nc 
unl~lanking for tliis type of 01x1-ation 
tlie crt Ixam \\.as standing in one spo 
most of the time. A pliotograpli taker 
under these conditions was worthless 
'The I)rigl~tness of the spot completel: 
~v iped  out tlie desired information i~ 
the trace. 

Th i s  customer had recently received 
'Type 162 \Vaveforni Generator. A fea 
ture of t l~ is  instrument is tliat one o 
the output \vaveforms is a 50-volt puls 
gate.  Tektronis Field Engineer Ril 
Carter suggested to the customer tha 
lie trigger tlie Type 162 \vith either tli 
current or voltage ~vaveform of tlie cliod 
antl then use tlie 50-volt pulse gate o 

unblank 
riel-iotl. 
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f the gate pulse could be adjusted for 
ie proper aniount of unblanking tinie 
y varying the sweep rate of tlie Type 
62 

The  customer called Di l l  tlie nest  day 
nd expressed his gratitude saying that 
his \\.as the only metliod that had 
vorketl on his problem. 

TRANSISTORIZED CIRCUITRY 
If ~ O L I  are interested in transistorizetl 

:ircnitry, you \\-ill probably enjoy the 
irticle "Rattery-Operated Transistor Os-  
:illoscope". This article appeared in tlie 
\larch 18, 1960 issue of E L E C T R O N -  
CS, a trade magazine devoted to tlie 

:lectronic industry ant1 pul~lished by the 
\IcGra\v-Hill Publishing Company. 

Oz  Sveliaug, Project Design Engineer 
'or tlie Tektronis Typc 321 Transitorizetl 
3scilloscope, and John R. Kobbe, Chief 
Jircuit Design Engineer for Tektronis,  
:o-authored the article. Several cir- 
x i t s  of the Type 321 are briefly dis- 
:usset1 antl schematics of some are in- 
:luded in tlie article. 

If you do not have a copy of the hfarcli 
18, 1960 issue of Electronics, suggested 
jources are your firm's technical library 
or tlie local community library. Reprints 
of articles are generally avai1al)le from 
tlie magazine pul)lislier, in this case tlie 
RfcGraw-Hill Pul~lisliing Company, Inc., 
330 W. 42nd Street, New York 36, Nc\v 
York. 

DOES CONTINUOUS OPERATION OF 
ELECTRONIC-TUBE EQUIPMENT 

REDUCE THE INCIDENCE OF 
TUBE FAILURE? 

Andy Jackson, Chief Engineer for Sta- 
tion W A V Y ,  Tidewater Teleratlio Inc., 
Portsmouth, Virginia, evidently I~elieves 
that it does. H e  told Tektronix Field 
Engineer El) Von Clemm that tlie control 
equip~nent at  station \\'AVY is never 
turned off except for major repairs. 
Since this equipment has Ixen on this 
continuous-operation Insis, monthly t u l ~ c  
expenditures have sholvn a marked tle- 
crease. Mr. Jackson has collected some 
rather convincing cost data. Refol-e 
\VAVY instituted their 24-liour operation 
policy, their equipment contained a total 
of 3200 tulle socltets. Tube-replacement 
costs for this equipment fell between 
$1500 and $1800 per month. Since these 
figures \Yere gathered, WAVY has added 
atltlitio~ial equipment that has increascrl 
tlie tube socket total to 5500. I n  spite of 
tliis increase in tube sockets, tube-re- 
placement costs under the continuous- 
operation plan have been reduced to an  
average of around $900 per month. Al- 
though the tulle replacement potential 
was increased by 75%, actual tube-re- 
placement costs \\-ere reduced up to 50%. 
l I r .  Jackson says he feels that their 
policy of 24-hour operation was a big 
factor in this tube-replacement cost re- 
tluction. 

I t  \vould be interesting to know our 
readers' opinions on this question. W h )  
not drop us a line giving your ansLvel 
to this question antl the reasons for you1 

tantl? W e  will try to evaluate the an- 
wers, determine the consensus and pub- 
is11 the results in a future issue of 
i E R V I C E  S C O P E .  

Addess your anstvers to Wal t  Dederick, 
Zditor, S E R V I C E  S C O P E ,  Tektronis  
nc., P .  0 .  Box 500, Reaverton, Oregon. 

TEST-SETUP CHARTS AVAILABLE FOR 
FOUR INSTRUMENTS 

rwr: 57s ~ L S T  SET-UF CIIUIT 

:owosr<sr: 2 N  705 / 5 / -  0 e 7  

rcsrisc. B B T A  J P 6 R i G A T I W  

Pi iccmune.  U S E  S P f C / A L  S O L b i T  W I T H  BY-PA55':D BASC 

L E A D  

Test-Setup charts are now available 
for the Type 502, 503, and 545A Oscillo- 
scopes and the Type 575 Transistor 
Curve Tracer. T h e  charts provide a 
ready means of recording instrument 
control settings for any given test or  
production setup. A facsimile of tlie trace 
resulting from the setup can bc draxvn 
on tlie chart graticule or  a photograpli 
of tlie \vavefor~n attached to tlie chart. 

For  protluction testing, an engineer 
devises tlie test procedure rer1uiretl to 
attain tlie tlesired result. H e  then desig- 
nates the control settings on thc chart 
antl tlra\vs a picture of the display on 
the chart graticule, outlining the limits 
for acceptance or  rejection. ( I f  desired, 
separate instrument graticules for each 
test can Ile marked with colored lines or 
tapes). Tlic production-test facility takes 
over at  tliis point and performs tlie test 
operation \\-it11 speed and accuracy. Often 
a non-technical employee can handle this 
phase and release a highly trained person 
for more important work. 

Your Tektronis Field Engineer will 
I x  glad to give you more detailed in- 
formation on the Test-Setup charts an<l 
their uses. 

TYPE 575 TEST-SETUP CHART 
PROVES ITS WORTH 

r .  

During a recent demonstration on the 
l ype 57.5 Transistor Curve Tracer ,  one 

of tlie engineers in attendance I-eniarked 
that engineers could operate tlie unit 
\vitliout any troul~le,  hut ~v l i a t  about the 



girls on  t l ~ e  line \\-lio \\-oultl 11e making 
incorning inspection of transistors? 7'1iey 
are all non-tecl~riical people. \\.ill they 
1)e a l ~ l e  to set up antl use the Type 57.5 
in their inspection routine? 

'l'elctronis Field Engineer Harvey 
\\.ortli, \\-110 \\.as presenting tlie demon- 
stration,  s ~ ~ g g c s t e d  tliat one of the girls 
on tlie line he 111-ought in. H e  esplaine~l 
that he  felt sure tliat \\-itliin fi\-c niinute:; 
she could set up the instrument fro!n 
a 'I'cst-Setul~ chart. 

:\ccortlingly, one of the girls \\-as 
I~rouglit  in antl given a 111-eviously pre- 
pared Test-Setup chart. \\'it11 very little 
iiistl-uction, she set up the Type 575 antl, 
to tlie complete satisfaction of the 01)- 
serving engineers, made tlie incornin!: 
inspection check. 

U S E D  INSTRUMENTS W A N T E D  
1 'I'ypc 531 01- 

prcferal~ly 
'I'ype 533 

1 Any Tektronis 
Scope 

Russel Jensen 
223 E .  Dean Ave. 
3latlison 4, Wis.  

Christy Lal~oratorics 
11s. Kazarlan 
118 St.  Clair 
Cleveland 14, Ohio 

Carl Smith 
5449 Culver 
Indianapolis, Intl. 

Palo Alto 
Engineering Co. 
C. J .  Iiiggerstaff 
620 Page llill Road 
Palo Alto, Calif. 

Jolin T .  Camp- 
hell, I I I 
7906 Pickcring St.  
Pliilatlelpl~ia 50, Pa .  

Jolin \\jest 
Tclctronis. Inc. 

Plug-In Unit 1122 1Iain Street 
(Appros .  $800) Stamford,  Conn. 

USED INSTRUMENTS FOR SALE 

1 'Type 545A 
\\-it11 Type CA 
Plug-In Unit 

1 Type 130 
L C  3Ieter 

2 Type 514D 
s/n's 2133 
and 2144 

1 Type 511AIl 
s/ii 1375 

2 Type 514AD 
s/n's 4874 
antl 4895 

P. J .  Gentile 
\'amco 3Tacliine 
& 'Tool, 111c. 
2 Scdg\\-icli Street  
P i t t s l~urgh 9, P a  
Phone TAylor 
1-6000 

.\Ila11 T. Po\\~ley 
Chief Engineer 
W M A L ,  \VhlAL- 
TV 
T h e  Evening Star  
Iicstg. Co. 
4461 Connecticut 
Ave., N.\V. 
\\'asliington 8, D.C. 

Corbett Electronics 
Henry  C ~ I - b e t t  
2014 S . W .  Jefferson 
Street  

Cornell University 
Joe Sanford 
La11 of Nuclcal- 
Studies 
Ithaca. I\'. Y. 

Iligitronics, Inc. 
3Ir .  l 'argia 
Al l~er tson Aye. 
All~crtson, L.I., 
K.Y. 

FI-etl Pack 
'l'echnical Materiel 
Corp. 

I Type 53/54E 
(\\-ill t rade) 

700 Fenimore Road 
3lamaroneck. K.Y 

Elderna C~I-pora t ion  
Dl\-ayne 1lacIIonaltl 
1805 Relcroft 
Elmonte,  California 

A N O T H E R  " H O T "  SCOPE 
Our  Chicago office reports the loss of 

I Type 321, s/n 200, Transistorized Os- 
:illoscopc. 'This instrutnent disappeared 
'rom a group of instruments waiting to 
IC I-eturned to the Chicago office after 
.lie recent N.E.C. slio\v in Chicago. 

If you see this instrument o r  ha re  
any information regarding its ~vliere- 
abouts, please contact your Tektronis  
Field Office or Engineer, o r  call the 
Factory collect a t  Beaverton, Oregon. 
The phone number is MItchell 4-0161. 
Ask for Wal t  Dederick. 

Tektronix Instrument-Repair  Facilities: There  is a fully-equipped and properly-staffed Tektronix  In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix  Instrument-Repair facilities. 



N U M B E R  6 PRINTED IN u . 5 . ~  F E B R U A R Y  196 1 

... - 
Damage caused in the distribution amplifier of a Type 545A Oscilloscope as a re- 
sult of a shorted crt lead. 

NOTICE! 
IMPORTANT INFORMATION 

A seriously damaged distributed amp- 
lifier CAN occur in any of the following 
oscilloscopes : 
Type  541, all serial numbers above 6565 
Type  R3141, all serial numl~ers  above 111 
Type  545, all serial numbers above 9720 
Type  RlI45, all serial numbers above 132 
Type 54lA, all serial numbers 
Typc  R M I l A ,  all serial numbers 
Typc  513, all serial numl~er s  
Type  RI I43  all serial numbers 
Type  545A, all serial numbers 
Typc  Rh145h, all serial numbers 
Type  551, all serial numbers 
Typc  555 all serial numbers 

I n  these instruments, certain types of 
short  circuits (such as a crt  lead becom- 
ing disconnectctl antl shorting to ground) 
\\-ill cause the terminating resistor to 
b i ~ r n .  Secondary effects caused 1jy the 
burning of these resistors can result in 
estetisive damage as sho\vn in the picture 
above. Repairs in such an event are costly, 
both in money antl tlolvn-time for the in- 
strument.  This is indeed a regretable 
situation, but one that only time and es- 
perience in the field with the instrument 
could have brouglit to light. Since be- 
coming a\vare of the difiiculty, Jve have 

developed a field modification kit thai 
protects the distributed amplifier fron- 
damage due the these short circuits. Wc 
offer this ~~~o t l i f i ca t ion  kit free of charge. 

W e  earnestly recommend that ownerr 
of these instruments consider the instal. 
lation of this modification a must. 

Order  the modification kit througl 
your Telitronix Field Engineer. For  Typc 
551 antl Type 555 Oscilloscopes, order 
Field 3lodification Kit-"Fuse for P r o  
tection of the Distributed An~plifier" 
Tel; num1)cr 010-226. 

For all other instruments listed ahove 
order:  Field 1Iotlification Kit-"Fuse fo 
Protection o i  the Distributed Amplifier" 
'Teli number 010-227. 

Immediate steps are being taken a 
Tektronis  plants to incorporate thi. 
motliiication in all afiectetl protluctio~ 
instruments. T h e  Type of oscilloscop~ 
and the serial number a t  \vhich the motli 
fication beconic efiective \\-ill be an 
nouncetl in a future issue of SERVICI: 
S C O P E .  For  the present, please consul 
your Telitronis Field Engineer to deter 
mine i f  instruments you have on orde 
or  have recently received are afiectcd b! 
this notice. 

TYPE 5301540 OR TYPE 530Al540A 
SERIES 

OSCILLOSCOPES AND COMPOSITE 
VIDEO SIGNALS 

Par t  I 
Several T V  Broadcast Studios have 

) ten  using Type  530/540 or Type 530A/ 
i40A Oscilloscopes and trying to trigger 
)n a nonintegrated conlposite video sig- 
~ a l .  There  arc three different pulse trains, 
dl very close in amplitude, a t  the start 
) f  a composite video signal. Most oscil- 
oscopes, ~ v h e n  presented with this signal, 
vill try to trigger on each pulse of the 
hree trains. T h e  result is an unstable 
lisplay. 

Television engineers generally will pre- 
er the Type 521XD over other oscillo- 
;copes for viewing the composite video 
iignal. This  instrument, specifically de- 
iigned for television broadcast studio re-- 
luirements, contains carefully planned 
:rigger separator and sync separator cir- 
:uits that enable the instrument to trig- 
:er reliably on composite video signals. 
[ t  also provides other characteristics de- 
sirable fo r  the maintenance antl atljust- 
nent  of  television transmitter and studio 
x1uipment. T h e  Type  524AD enables the 
mgineer to observe any portion of the 
.clevision picture-from complete frames 
o small portions of individual lines. 

Hoxvever, the Type 530/540 or 530A/ 
j40A Series Oscilloscopes give usable rc- 
Suits i f  an integrator circuit is employed. 
-I suitable integrator circuit consists of 
a 10 Ic resistor and a 0.01 capacitor. 

T o  use this circuit with these instru- 
ments, patch the V E R T  S I G  O U T  of the 
oscilloscope to the T R I G G E R  I N P U T  
via the integrator circuit. 

Fo r  the Type  531, 532, 533, 541, antl 
543 or  Type  531A, and 541A proceed as 
follo\vs : 
Step 1. Use  a \vide band Plug-In Pre- 

amplifier in the oscilloscope ant1 
apply the composite video signal 
t o  the I N P U T .  Adjust the 
VOLTS/C11  to give 3 or 4 
centimeters of vertical deflection. 

Step 2. Patch the V E R T  S I G  O U T  to 
the T R I G G E R  I S P U T  via the 
integrator circuit. See fig. 1. 

Step 3. Set the TI1IE/C11 s\\.itch to .i 
11ILLISEC.  

Sten 4. Set the T R I G G E R  S L O P E  
sn-itch to - E X T  for negative- 
going signals or  + E S T  for 
positive-going signals and the 
T R I G G E R  M O D E  switch to 
A C  or  AC S L O W .  

Step 5. Turn  the S T A B I L I T Y  and 
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T R I G G E R I N G  L E V E L  con- 
trols full right. 

S t e p  6. Tui-n the S T A B I L I T Y  control 
to tlic left until the s\veep ceases 
to operate. Continue to turn the 
control to the left for several 
more degrees. 

S t e p  7. Turn  the T R I G G E R I N ( ;  
L E V E L  control to the left un-  
til a stable display is obtained. 

O n  instruments for \vl:ich this pro- 
cctlure is intended, the operator can vie\\. 
e i ther  a field o r  line presentation. Lirni- 
tat ions of these i~istrurnents, I~oweves,  
\\-ill not permit the operator to select thc 
line to I)e presented. 

Ed i to r s  note:  Par t  I1  of this article 
\\-ill appear in the nes t  ( i \ p r ~ l )  issue of 
S E R V I C E  S C O P E .  T h e  procedure f o ~  
vie\ving composite video signals on tlie 
T y p e  535, 545, 535A, and 545A will l x  
given at  that time. 

HELP IN USING AND UNDERSTAND- 
ING YOUR TYPE 535A OR TYPE 

545A OSCILLOSCOPE 
T h e  Typc  535A and Typc 545A Oscil. 

loscopes are cxtrcmelp versatile instru- 
ments.  T o  fully utilize their capabilities 
an operator must I)e completely familial 
\\it11 each control and its function. Thc 
n e w  operator, tlie partially informec 
operator,  or even tlie experienced opc ra to~  
\\-ill find the 1)ooklet "Vsing Your  Oscil 
loscope Type  535.k or Type  545A" ; 

great  aid in acquiring tliis desired tlegrcc 
of familiarity \\.it11 these instruments. 

Th i s  booklet is a r c~ i se t l  and up-tlatcc 
version of one originally \vritteti for oper 
a to r s  of tlie old Type 53.5 and Tj-pc 54: 
instruments*. I t  is \\-sitten in tivo parts 
P a r t  1 ,  "Getting Acquainted", dcsci-ihe: 
tlie effect of each front-panel control, ex 
plains in detail the unique Teli tronis fca 
turcs :  Delayed TI-iggcr, Delayed S\vcel 
and  Single Sweep modes of operatior 
( t ha t  give to these instrumcnts their higl 
tlegl-ce o i  f lcsil~le versatility), and out 
lines somc of the more frcqucntly en 
countered oscilloscope operations. 

P a r t  2 of the I>oolilet includes the in 
formation in tlic "Getting Acquainted 
section, in condensed form fol- easy refel- 
eiice, plus simple, easily-understood in 
structions on other applications of th 
oscilloscopes. 

T o  obtain a copy of this booklet, as  
your  Teli tronis Field Engineer for FIP- 

'Using Your Oscilloscope Type 535X o r  
Tvne 545.k". . A 

"A limited number of the booklets 
for tlie Type 535 and Type 545 a re  
still ava~lable.  Ask your Telitl-onix 
Fieltl Engineer for FIP-1 ,  "Using 
Your Type 535 or Type  545 Oscil- 
loscope. 

TEKTRONIX FIELD MAINTENANCE 
FACILITIES AND SERVICES 

T h e  Field 3lainteiiance Facilities antl 
Srrvices availal~le tlirongli your Tektronis  
Fieltl Engineer are descril)etl in a re- 
cently pu1)lisIietl 1)ooklet. Also in tlie 
booltlet are somc pictures of a typical 
maintenance facility and a Inap of tlie 
United States slio\ving tlie location of 
Teli tronis Field Offices. Those  Field 
Offices liaving a Rcpair Center arc itlenti- 
fied antl they, their atltlresses and tele- 
phone numbers are listed for ready ref- 
erence. 

For  your copy just call your Tektronis  
Field Engineer 2nd ask him for tlic 
Field Ifaintenance Facilities and Serv- 
ices I~ooltlet. 

QUESTIONS FROM THE FIELD 

1. Q. W h a t  is the risetime of the P500C1: 
Probe?  

A. W e  used the following equipment: 
a Type 545A Oscilloscope ~vit l i  
Type K Plug-In (l'assbantl of this 
combinatioil \\-as 30.5 mc) ,  a Typc  
108 Fast-Rise Mercury Pulser, antl 
a PjOOCI; I'robc. Risetime figures 
obtained under these conditions 
were as folio\\-s: 

P5OOCF (\\-it11 no attenuation) 
13.0 nsec. 
PjOOCF (with 1 0 S  attenuator) 
17.5 nsec. 

2. (2. D o  you have any drift figures 011 

tlie Type 503 Oscilloscope? 
-4. \Ve have never quoted any tlrift 

specifications for the Type  503. 
Ho\vevcr, \ve ran some checlts oil 
ten production Type  503's. After 
an initial \\arm-up period to allo\v 
the instruments to stabilize, t h r  
follo\ving drift figures were re- 
corded at  a sensitivity of 1 m\-/cm. 
Rememl)er, these al-e only typical 
figures and arc  not to  I)e consider- 
ed tlrift specifications for tlic Typc  
503. 

Average drift 1.5 cm/hr.  
hfinimum tlrift 0.5 cm/lir. 
N a s i ~ n u m  drift 3.0 cm/hr.  

T h e  input 6DJS's have the greatest 
effect on drift. Also, the t\vc 
2N544 transistors tlcsignatetl (2454 
antl (2164 in the vertical amplifiei 
affect tlie tlrift. 

3. Q. In tlie Type  580 Series Oscillo- 
scopes can a signal be connectec' 
directly to tlic vertical t1cilectio1- 
plates of tlie C R T ?  

!I. According to \'auglin \VeitIcl (Eli-  
g inwring) ,  ~ v e  liave not tlevclopcc 
an acccptal~le method for insertin& 
signals directly into the vertica 
deflection plates of the ci-ts in thesc 

instruments. T h e  problem is to 
match tile signal source to the ap- 
prosim;lte 900-oIim impetlance of 
the tlistri1,utetl plates. I f  any 
matcliing dcvice such as  a trans- 
former is used, mncli ringing antl 
distortion occnl-s. 

(2 .  Can you suggest a device for coupl- 
ing the output of a sine-\vavc or 
square-\vavc generator to the P6016 
Current Probc \\-hen testing thc 
passl~and or square ~ v a v e  rcsponsr 
of the ~ S O I X ' :  

,\. X 1%" piece of No. 18 solid \\-ire, 
formed into a question mark,  in 
series \vitIi a small 50 Q-1% resis- 
tor and soldcrcd to a female ulif 
connector \\-ill do the trick. (Scc 
fig. 2 ) .  Tliis test jia has a \'S\\:li 

O F :  
T Y P E  1 9 O A  

T Y P E  105 on 

T Y P E  107 

Fig. 2 

of 1.05 at  20 mc and can be  used 
with a Tektronis  Typc  19011 Con- 
stant Amplitude S ~ g n a l  G e n e ~ a t o ~  
for passband response, and a Type 

105 o r  Type  107 Square \\rave Gen- 
erator for square \vave response. 

i. Q. W e  have noticed a spurious pulse 
on a Type  575 Transistor-Curve 
Tracer.  This  is a positive pulse 
which occurs bet\veen each normal 
cycle for P -X-P  transistors).  T h e  
pulsc length is about 5 milliseconds 
antl about 4 volts in amplitude 
\vIicn the base current is set  for  
1 milliampere per stcp. Could tliis 
pulse damage transistors having a 
lo\\? rcvcrse rating bet\veen base 
and emitter? If so, how can it be 
eliminated ': 

A. T h e  transistor is driven from a con- 
stant-current source. If tlie Step 
Zero is set so that the first base 
stcp occurs \vhen tlie transistor is 
cut off, the masiinuin voltage ca- 
pabilities of the Base Step Gener- 
ator \\-ill be present a t  the  base 
terminal of the transistor under 
test. Since the first step current is 
limited to the scale setting, there 
is small chance of damage to  tlic 
transistor niitlcr test. T h e  Step 
Zero control can be set to elimin- 
a te  tliis pulse i f  desired. 

6. (2. Can a Type  502 Dual-Beam Oscil- 
loscope be modified to  provide 
variable controls on tlie vertical 
amplifiers? 

A. Yes, a field modification Itit is 
available to accomplish this. T h e  kit 

COPYRIGHT 1 9 6 1 .  TEKTRONIX, INC. 



adds  a T7ARIABLE V O L T S / C I I  Type  510 Chicago, Illinois related problems and anxious to  help in I tll control to the iront panel for both 
the  U P P E R  and LO\\-ER beam 
vertical ;implifiers. I t  includes a 
complete set of components, parts 
list, schematic, photos, antl step- 
by-step iiistallation instructions. 
01-tler  tlie kit from your Tektronix 
Ficltl Ofiice. Speciiiy; Type  502 
Var ia l~lc  \'olts/cm I Iod.  Kit ,  T e k  
par t  number 010-222. 'She price 
is $10.50. 

USED INSTRUMENTS FOR SALE 

1 T y p e  315 Eric Vauglian 
s/n 198 Superior Elcctl-ic Co. 

2 T y p e  512 83 Laurel Street 
s/n 's  1817 Pr Bristol, Connecticut 
2717 

1 T y p e  521 I3oco \Vu 
Livingstone, New Jersey 
Tel. W y  2-1790 

1 T y p e  511D \\ialt Jannsons 
s/n 2615 Isomet Corporation 

Palisades Park,  
lie\\- Jersey 
'Tcl. \\yindsor 1-3070 

1 T y p e  512 Gus IVinston 
s/n 111 1 227 I iar ina  W a y  

Pacifica. California 

USED INSTRUMENTS WANTED 

1 'Type 31011 1I1lton D Post  
160 i\: \\- 30th Tel  I ace 
Ft  Lautlcrtlale, Florida 

1 T y p e  517 G Co~inell  
212 \Vensley Lane 
Eas t  I s l ~ p ,  Long Island, 
&?el\- York 

1 T y p c  535 Purcell Robinson 
o r  Type  1412 Nortli 62nd Street  
545 Pli~ladelpliia 31, Penna. 

1 T y p e  511 o r  Weaver County School 
T y p e  524 D~s t r l c t  

L 0 .  Keys 
Salt Lalie C ~ t y ,  U t a h  
Elgm 9-7691 

1 T y p e  535 01 Robert Slim 
535A Ultronics 

1 T y p e  CA 118 Nortli 3rd St.  
1 T y p e  C Camden, New Jersey 

\\'oodla\\ n 1-1661 

1 T y p c  530 o r  Professor George C. Ne\v 
510 Series ton, J r .  
\v\.ith a Type  Electronic Systems 
53/54C o r  Laboratory 
C A  Plug-In  IIassacliusetts Institute 

of Technology 
Cambridge 39, Xass .  

1 T y p e  112 \Vestinghouse Electric 
Prearnpli- COI-p. 
f ier  Cletus Hostetler 

P .  0 .  Box 281 
Elmira, Nen- Yorli 

1 T y p e  531 o r  Richard Van Lunen 
T y p c  535 9203 Alcona Street  

12anham, I lary land 

1 T y p e  530 Ixona rd  I I .  DeBall 
Series o r  5217 S.  Avers Avenue 

Series or 
Type  550 
Series 
Type  CA,  
o r  K ,  o r  I, 
Plug-Ill 

MORE LOST OR STOLEN SCOPES 

Tel;troiiix Fieltl Engineer Ron Bell re- 
mrts tliat a Typc 316S1, serial number 
)02, is missing irom the Goodyear Air- 
:raft Corpo~-ation in Akron, Ohio. If you 
lave any iiiformation on tliis instrmilcnt 
iotiiy the Goodycar .\ircrait Corporation. 

Tektronis  Fieltl Engineer Duncan 
loane  reports the t1isappex1-ancc o i  a 
Type 310.4, serial numhcr 011213, from 
.!~e Electroiiic Specialty Company, 5121 
;an Fernando Road, 1.0s Angelcs 39, 
California. If you rill1 across tliis scope 
n your area,  iiotiiy the Electronic Spec- 
d t y  Conlpany 11y collect \\-ire, oi- phone, 
Cliapnia~i 5-3771. 

Tile iollo\ving instl-i~metits Iiave disa1)- 
pcared irom the custody o i  the Philco 
Corporatioil, Governtneiit antl Industrial 
Group, 1700 \\'issahickon Avenue, Pliil- 
adelpliia, Pciina. 

1 Type  -51l.A Oscilloscope s/n 20379 
1 Type  CX Plug-In Preampliiier s/n 

10031 
1 Type 1, Plug-In Prea~nplificr  S/II 

5235 
1 Type 107 Sclual-e-\Vavc Generatoi- 

s/n 625 
If you linolv the \vliereal~outs o r  havc 

an?; information on these instruments 
please contact the Philco Corporation 
Computer Ilivision, Tes t  Equipment Con- 
trol Section, \Villo\v Grove, Pennsylvania 
Oltliield 9-7700, Extension -537. 

Tlic Florida P o ~ v e r  Corporation a1 
Winter Pa rk ,  Florida, reports tliat t h e i ~  
Typc  310S2 Oscilloscope s/n 6673 is miss. 
ing antl may have hccn stolen. Pleasc 
contact them ii you have any informatio~ 
on tliis instrument. 

DO YOU UNDERSTAND THE SWEEP 
DELAY FEATURE OF YOUR TEKTRONIX 

OSCILLOSCOPE ? 
T h e  S\vecp Delay* is an importaii 

ieature of tlie Type 53512, 51512, 555 an( 
585 Oscilloscopes. Ho\vcvcr, some user' 
of these instruments are completely una 
\\-are of the flexibility this feature pro 
vides o r  the many applications made pos 
sible by it. 

I t  is not within the scope o i  this publi 
cation to explain tlie S~vccp  Delay ieatur 
-space \\-ill not permit it-but \ve cal 
tell you l io~v you can have it explaines 
and demonstrated to you. Call your Tek  
t ronis  Ficltl Engineer! 

Tlie explanation and demonstration, i 
you desire, can be given beiore a grou 
o i  your teclinicians and engineers a t  
convenient timc and place. 

You \\-ill find your Tektronix Field E r  
gineer to be a competent instructor \vit 
a minimum o i  six months factory trail 
itig in tlie use and service o i  Tclitroni 
instruments. Furthermore,  lie is keen1 
and genuinely ~ntcrcstetl  in your scar 

eir solution. 
This is an economical program oficred 
1 a no charge basis. Tlie only thing ~ v e  
; I i  you to spend is your time! 

* I n  the Type 535 and 545 tliis fea- 
ture is Imo\vn as tlie Delaying Slveep. 

ORIGINAL PRODUCTION 
OSCILLOSCOPE 

RETURNS TO TEKTRONIX 
\ I /  

I n  July of 1917 Tektl-onis shipped it, 
irst production osc~lloscope-a Type  511, 
erial number 101. Dr .  A. R. Tuntur i ;  
l i rec tor  of Navy Acoustic Research at  
lie University of Oregon 3lctlical School 
n Portland, Oregon, took delivery on  
liis instrument for the purchaser, tllr 
J. S. Navy. 

Fo r  13% years this Type  511 aided in 
)rovidina Dr .  T ~ i n t u r i  with reliable in- - 
'ormation in liis research work-elec- 
:sonic mapping of tlie brain. Kno\vlecIgc 
:aincd in this research is ~ a l u a b l e  in the 
liagnosis antl treatment of neurological 
liseascs and ior tlie possible importance 
~i applying lio\v the brain \vorks to the 
le\-elopment of a ~neclianical brain for 
guided n~issiles.  I3uring this timc instal- 
ation o i  several factory-tleveloped im- 
Irovcment modifications aided this Type  
i l l  to keep abreast of Dr .  Tunturi's oscil- 
loscope requirements. T h e  instriimcnt re- 
mained, lie\\-evci-, essentially a Type  511 
\vliile Dr .  Tunturi 's  \\-orli continued to 
advance. Eventually the need for a more 
sophisticated oscilloscope I~ecame undeni- 
able. 

Rudy \ ' ~ ~ l i ~ i ~ l i  o i  the Tclitronix .Ad- 
vertising Department could see reciprocal 
1)enefits in Dr .  Tunturi's need for a more 
atlvancetl oscilloscope atid tlie Tektronix 
desire to  return their original 111-otluction 
instrument to its place o i  origin. 

Xccortlingly, lie assisted in \\-orking out 
a mutually 1)encficial agreement l~et \ \ -ee~l  
the interested parties. In exchange ior 
the T>-pe 511, serial ni11ii1,er 101, Dr .  
T u n t i ~ r i  accepted for tlie U. S.  Ravy a 
Tclitronix Type  515 Oscilloscope, an in- 
strnment admiral~ly suited to his present 
oscilloscope rcquii-ements. 

Type  511, serial ~ i i i n ~ l x r  101 no\\- 
stands proudly on display in the recel~-  
tion area of the Telitronix factory in 
13ea\-erton, Oregon. Every Teli tronis 
cmployce cspresscs his tlianks to  the 
U. S.  S a q  and Dr .  ~~~~~~~~i for theis 
co-operation in returning this instrument 
t o  us. IVe are  proud of our "iirst born"! 



COMPUTER ENGINEERS SAY P6016 
CURRENT PROBE A NECESSITY 

Telitronis Field Engineer Owen Harr i -  
son  reports many of the conlputer en- 
gineers lie calls on consider the Tektronis  
P6016 Current Probe a necessity in corn- 
pu tc r  ser\.icc \\-ork. They claim that  con- 
sitlera1)lc savings in computer service time 
can 11c rcalizetl I)y the use of this probe. 
Compared to tlie  neth hod \vlicre a one 
o h m  resistor must I)e inserted into the 
circuitry to ol~tain readings, the use of a 
P6016 Current P r o l ~ e  can cut computer 
service time I)y as  n111ch as  50%. 

Sf you are not acquainted with the Tek-  
t ron i s  P6016 Current Probe,  call your 
Tck t ron i s  Field Office. h Field Secre- 
t a ry  or a Field Engineer \vill he happy 
to  arrange a demonstration a t  your con- 
venience. I n  addition to I~cing iniorma- 
tive, tlic demonstration may  aid in solv- 
ing (o r  making it easier to solve) sonic ot 
yo11r engineering or servicing proble~ns .  

TEKTRONIX TOUCH-UP PAlNT 

Touch-up paint to match the colors anti 
finishes of Tcktronis  instrunients is non 
available. T h e  paints for touch-up jobs on 
gray-n-rinlilc, I~luc-wrinlile, o r  blue-viny: 
finished calinets come in 2 ounce jars 
Also, tlic blue-~vrinkle and blue-viny' 
paints thinned for spraying, a re  availablt 
in 1 quart cans. 

Orde r  througli your Tektronis  Ficlc 
Engineer o r  Field Office from the folio\\- 
ing chart. 
TEK N O .  DESCRIPTION Q T Y .  PRlCI 
252-083 Gray Wrinkle Touch-up 2-02 $1.1 
252-084 Blue Wrinkle Touch-up 2-02 1.1 
252-085 Blue Wrinkle ThinnedC I - q t  3.0 
252-086 Blue Vinyl Touch-up 2-02 1.1 
252-087 Blue Vinyl Thinnedi' 1-qt 2.8 

"These thinned paints ore intended for spray-gu 
application 

FINDING BURIED CABLES 

You may easily tletcrminc the position of 
a single conductor, buried eight to  10 feet 
be lo~v the ground surface, by magnetic 
detection. 

A 10 to 15-ampere 60-cycle current pass- 
ed through a buried conductor will creatc 
a strong niagnetic field that  a si171pIe 
picliup loop and detector can locate 
easily. 

If t\vo \\.ires of 117 v ac  circuit must 11c 
located, one of them must be discon- 
nected and an alternate c s t c r~ ia l  lead s u b  
st i t~itcd.  ( A  good gl-ound \\.ill do.)  If 
hot11 \\.ires are used, the magnetic flus 
f rom one \vill cancel the magnetic f lus of 
the otl1cr. 

An effective pickup loop consists of foul- 
to 10 turns of \\-ire formed into an  oval 
almilt five feet long and a foot \vide. By-  
pass the t\\-o leads from tlie loop \\-ith a 
.0l pi capacitor to reduce any I-adio fre- 
quency energy from 1)roatlcast stations. 

(If  cal)lc near a I~roatlcast antenna is to 
he located, yo11 may need an additional 
lo\\--pass filter to Iiccp r-f from reaching 
the tlctector.) -. l he detector neetls cnoug11 sensitivity to 
intlicatr signals at  a maximum of ahout 

1.5 volts rms. I\ 5inij)le l~attei-y-po\vcretl 
raiisistor amplifier xvitli fl-cqucncy inulti- 
~lication \vill raise I)otli the signal level 
rnd the frequency for licatlphones. 

1 Telitronis Type  321 battery-po\\~erctl 
)ortable oscilloscope may  be used to  
d i e  a visual measurement. I t  will do 
his job without an esternal preamplifier. 
Jsing the 321 \\-it11 the pickup loop and a 
I1 pf capacitor, you may locate each 
;round radial of a broadcast antenna 
vhilc tlie station is on the air. I n  this 
:ase the signal will be the station's car- 
ies.  

irou search I\-ith the pickup loop flat on 
he ground. W h e n  tlie loop is on both 
,ides of the buried conductor, it \\-ill 
~ i c l i  u p  energy from the conductor. 
4 s  the loop passes directly over the con- 
luctor, the signal disappears. W h e n  it 
noves past the conductor, the signal re- 
ippears. 

For cables deeper than 10 feet, increase 
111 dimensions of the coil to maintain the 
same accuracy. 

CORRECTION 
W e  milst call your attention to three 

errors, one typographical and two o f  
omission, in the article "Timing the  Type 
.530A/510A Series Oscilloscopes". This  
articlc appea~-ctl in the l3eceml)er 1960 
Service Scope. 

Tn Step 6 of this article the .5 psec/cni 
setting of the TSME/Cl f  s\\-itch should 
reatl .1 psec/cm. 

Jnstructions for adjustment of C375 
sliould Iiave follo\ved the instructions 
for adjusting C361. Here  they are :  
.-\tljust C375 for 1)cst linearity I~et\\;een 
the 2nd and the 6th vertical graticule 
lines. 

Finally, if it is necessary to  replace tlic 
ti\-o 6DJS o~ i tpu t  tu l~es ,  the I\-hole timing 
procedure slioultl be run t l~ rough  again. 

No\\-, i f  you don't mind, \ve \vill go 
apply a soothing lotion to  a very red face. 

Tektronix Instrument-Repair Facilities: There  is a fully-equipped and properly-staffed Tektronix In-  
A-2057 strument Repair Station near you. Ask your Field Engineer about Tektronix  Instrument-Repair facilities. 



USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 

NUMBER 7 P R I N T E D  IN U.S.A APRIL 1961 

TYPE 5301540 OR TYPE 530Al540A 
SERIES 

OSCILLOSCOPES AND COMPOSITE 
VIDEO SIGNALS 

Par t  2 
Fig. 1, which appeared with Par t  1 of 

this article in tlie February issue of 
S E R V I C E  S C O P E ,  was incorrectly 
tlrawn. T h e  circuit as shown was not 
an  integrator circuit. Notice that in 
the corrected (11-a~ving (fig. 1 belo\v) the 
10 k resistor prccetlcs tlie 0.01 piti capac- 
itor in the circuit from tlie VERT. SIG.  
O U T  to  the T R I G G E R  I N P U T .  

T R I G G E R  INPUT- 

Instructions in Pa r t  1 of this article 
dealt with the Type 531, 532, 533, 541, 
543, 531A and 541A instruments. Pa r t  2 
will deal \\.it11 tlie 'Vype 535, 535A, 545 
and 545.4 oscilloscopes. 
Tlicse more sopl~isticatetl oscilloscope!: 
provide the Telitronix unique Delaying 
Sweep feature and can also tlisplay eitlie~ 
field or  line presentations. In addition. 
the Delaying Siveep feature permits t11c 
operator to select tlie line presented 
Also, once the instrument is set up, tlic 
operator can switch from line to fieltl 
presentation I)y simply turning tlic 
HOII IZONTAI ,  D I S P L A Y  s\vitch. 

Here's ho\v you set it u p :  

Step 1. Use  a wide-band Plug-In Pre- 
ampl i f~er  in the oscilloscope antl 
apply the composite video signal 
to tlie I N P U T .  Adjust thc 
V O L T S / C 1 i  to give 3 or  3 
ccnti~ncters of tleflect~on. 

Stcp 2. Couple the V E R T  S I G  OU'I 
to the T I M E  B A S E  13 ( D E -  
L A Y I N G  SLVEEP) T R I G G E R  
I N  \vith an Integrator clrcurl 
consisting of a 10 lc resistor ano 
a 0.01 pfd capacitor. See f ~ g .  i 

time base .FP or 
(delaying r,u8sp)* 

trigger input 

vert sig out J 

(Note:  If available, Field sync 
pulses are prcfera1)le for triggel-- 
ing tlic Delaying Sweep.) 

Stcp 3. Set tlie H O R I Z O N T A L  DIS-  
P L A Y  switch to the 'B' IN-  
T E N S I F I E D  RY 'A' ( D E L A Y -  
I N G  S W E E P ) * '  position. Turn 
the T I M E  B A S E  I3 ( D E L A Y -  
I N G  S W E E P ) "  S T A R I L I T Y  
antl T R I G G E R I N G  L E V E I .  
controls full right. Set the 
T I 3 1 E  R A S E  13 (DELAYIN( ;  
S W E E P ) "  TIh fE /ChI  s\vitch to 
5 hLI1.I.ISEC and the L E N G T H  
control for 9 to 10 centimeters 
of slvecp. For  displaying posi- 
tive-going video signals, turn tlic 
' I ' I l IE R A S E  13 (DELAYIWG 
S W E E P ) *  T R I G G E R  S L O P E  
switch to + E X T  (+)* antl the 
T I M E  I3ASE 13 TRIGGEIIIXC; 
J I O D E  s\vitcli to AC (Type 535 
and Type  545 instruments do not 
have a triggering mode s\vitcli 
on tlie D E L A Y I N G  S \ \ .EEP  
section of their front panel), foi- 
ncgati\,c-going signals, stvitc11 the 
T R I G G E R  S L O P E  to - E X T  
(-)*. Turn  the T I J I E  BASE I3 
( D E L A Y I N G  S W E E P ) "  
S T A R I I - I T Y  control to tlie left 
until the ST\-ecp ceases to operatc. 
Continue turning tlie control 
several more degrees to the left. 
Now turn the T I M E  BASE I3 
( D E L A Y I N G  S W E E P ) *  
T R I G G E R I N G  L E V E L  control 
to tlie left until a s ta l~le  display 
is ol~tainetl. This slioultl occur 
\vhen the index mark is at  or 
nrar  tfie straight up position. 

Stcp 4. Set tlie H O R I Z O N ' S A I ~  DIS-  
P I ,AY sivitcli to the 'A' DEL'13 
l3Y 'R' ( I I A I N  S \ V E E P  I IE-  

L A Y E D ) *  position. Sct tlic 
T I M E  BASE A (AIAIN 
S W E E P ) %  T I I f E / C I I  sn-~tch to 
tlisplay any desirctl num1)cr o f  
lines. Trigger the 'A' DE12'D 
13Y 'R' ( 3 I A I N  S W E E P  D E -  
I ,AYED)* from tlie first line 
sync pulse after tlie delayed trig- 
ger by  turning tlie TISLE BASE 
A ( h f A I N  S W E E P ) *  STABI l>-  
TTY and T R I G G E R I N G  
1,EVEI- controls full riglit ant1 
then turning the S T A B I L I T Y  
co~i t ro l  to tlie left until the sweep 
ceases to operate. Continue turn- 
ing the STARII , ITY control to 
tlic left for scvcral more tle- 
grces. 
I f  you are displaying video sig- 
nals of positive-going polarity. 
s\vitcli tlie T I h l E  BASE A 
( M A I N  S W E E P ) *  T R I G G E R  
S I a O P E  control to + I N T :  i f  
you liave negative-going signals. 
s\\;itcli T I N E  RASE A ( M A I N  
S \ V E E P ) *  T R I G G E R  S I , O P E  
control to -1NT. Turn  tlie 
T I M E  B A S E  A ( M A I N  
S W E E P ) "  T R I G G E R I N G  
I,EVEI, control to the left until 
a sta1)le tlisplay is o1)tained. 
T h e  display will no\v he sin~ilar 
to the tlisplay obtained \vlien us-  
ing the 'Typc 524 Oscilloscope; 
the line presentation \vill jump 
from one line to tlie nest  as the 
D E L A Y  T I M E  1fUI,TIPI , IER 
is turned t l~rougli  its I-ange. 

13y s\vitcl~ing the H O R I Z O N -  
T A L  D I S P I A Y  control from 
'A' D E L ' D  13Y 'B' ( M A I N  
S W E E P  D E L A Y E D ) *  positio~i 
to the 'B' I N T E N S I F I E D  BY 
'A' ( D E L A Y I N G  S W E E P ) *  
position, you can have either line 
o r  field presentation. The  T I M E  
B A S E  A ( M A I N  S W E E P ) "  
briglltening on the T I M E  BASE 
B ( D E L A Y I N G  S W E E P ) *  will 
indicate the horizontal lines being 
observed \vith reference to the 
entire frame. + G A T E  A (+ 
G A T E  M A I N  S W E E P ) "  could 
be used to ~nodula te  the 'Z' axis 
of a monitor kinescope. 

Stcp 6. If dual trace operation with a 
Type  53/54C, 53C, or  CA Plug- 
I N  is desired, the trigger must 
be derived from an external 
source rather then the V E R T  



S I G  OUT,  due to the switching 
signals present. T I M E  BASE 
A (DELAYING S W E E P ) *  
sweep rates and length should be 
adjusted to give proper presenta- 
tion of interlaced pairs of lines. 

T h e  above method will give usable re- 
sul ts ,  but for specific applications most 
engineers will prefer a Type 524AD 
Oscilloscope with its carefully designed 
sync-separator circuits. 
* (Captions in parenthesis apply to the 
T y p e  535 and Type 545 instruments.) 

SERVICE HINTS 
Tektronix Field Maintenance Engineer 

Jack  Banister finds a pressure can of con- 
t ac t  cleaner a handy service tool. T h e  use 
of th is  cleaner has usually been with tube 
sockets in jittery vertical amplifiers. H e  
squir ts  the cleaner into the vertical-ampli- 
fier tube sockets. Several times this oper- 
ation has cleared up the trouble just fine. 
Indications of faulty pin contacts can 
generally be made apparent by wiggling 
a tube  in its socket. 

T h e  brand name of the contact cleaner 
Jack uses is "Injectoral". There are prob- 
ably other good contact cleaners in pres- 
su re  cans on the market, but this is the 
only one Jack has had experience with. 

Occasio~~al ly ,  wlien a Type 530/540 
Series Chopping-Transient-Blanking Mod 
Ki t  (Tek. No. 040-200) is installed in an 
instrument, the unblanking-spike phasing 
occurs too early and does not cover the 
switchiug transient. 

Increasing the blanking period should 
correct this condition. T o  do this, change 
the  resistor on the grid (pin 5) of V78 
from 270 k to 390 k. 

T h e  390 k resistor will generally in- 
crease the blanking period enough to 
cover the s\vitching transient and enable 
the  modification to work correctly. 
However,  isolated cases may require a 
resistor of an even higher value. Tek- 
t ronis  Maintenance Engineer Udo Lin- 
denmeyer found one instrument that 
required a 560 k resistor to give correct 
results. 

SOLVING POWER LINE PROBLEMS 
FOR BETTER SCOPE PERFORMANCE 
Problems arising from excessively high 

o r  low line voltage continue to plague 
users of Tektronix oscilloscopes in some 
areas. Tektronix oscilloscopes' are tle- 
signed to accommodate line-voltage vari- 
ations up to roughly *lo% from design 
center without loss of stability or ac- 
curacy; however, variation beyond these 
limits (105-125 volts for most instruments 
wired for domestic use) causes loss of 
accuracy and often, severe instability. 

T h e  problems reported seem to fall in- 
to three main categories: (1) continu- 
ously high or low line voltage; (2) fluc- 
tuation between high and low line volt- 
age; and (3) serious waveform distortion, 
giving the effect of low line voltage 
Some suggested solutions to these prob- 
lems a re :  

(1) The  first problem is easily solved 
for the on-ner of a Type 310(A), 316, 317, 
502 or 516 Oscilloscope. These instru- 
ments are equipped \\-it11 multi-tap power 
transformers, for use at various "high" 
or "low" line-voltage ranges. For  other 
instruments, it is necessary to provide 
some external step-up or step-down trans- 
former to provide the necessary operating 
voltage to the scope. A variable auto- 
transformer of the "Variac" or "Power- 
stat" type is particularly useful in ac- 
comodating a \vide range of input volt- 
ages. An inexpensive filament transfor- 
mer may also be used as an autotrans- 
former in cases where the line voltage 
is consistently high or low. Reconnected 
as sho\vn in Figure a ,  the transformer's 

I C 1 
Figure A. Low-cost line-voltage boost or drop cir- 
cuit, using o filoment transformer. Connect as 
shown for 6 v boost; reverse secondary connections 
for 6 v drop. Filament winding must hove minimum 
rating indicated in Figure B. 

wcondary voltage is added to or sub- 
tracted from the inconling line voltage 
to bring it within range. Be sure the fila- 
ment-winding current rating is adequate 
to carry the oscilloscope load (Fig. 13). 

Scope 

Type 
3 1 W !  
31 5 
316 
317 
321 
502 
503 
504 
507 
51 1 (A) 
51 2 
51 3 
514(A) 
515(A) 
516 
517[A) 
51 9 
524(A) 
525 
526 
527 
531 (A) 
532 
533 
535(A) 
536 
541 (A) 
543 
545(A) 
551 
555 
561 
570 
575 

Max. 
Power 
Consumption 
175 W 
375 W 
260 W 
260 W 

20 W 
280 W 
107 W 
93 W 

600 W 
240 W 
280 W 
475 W 
375 W 
300 W 
300 W 
1250 W 
660 W 
500 W 
380 W 
340 W 
240 W 
455 W 
475 W 
500 W 
550 W 
650 W 
520 W 
530 W 
600 W 
900 W 

1050 W 
175 W 
400 W 
410 W 

Recommended 
Transformer 
Rating (Min)  

2 Amp 
4 Amp 
3 Amp 
3 Amp 

1/4 Amp* 
3 Amp 
1 Amp 
1 Amp 
8 Amp 
3 Amp 
3 Amp 
6 Amp 
4 Amp 
3 Amp 
3 Amp 

15 Amp 
7 Amp 
5 Amp 
4 Amp 
4 Amp 
3 Amp 
5 Amp 
5 Amp 
6 Amp 
6 Amp 
7 Amp 
6 Amp 
6 Amp 
6 Amp 

10 Amp 
12 Amp 

2 Amp 
5 Amp 
5 Amp 

31 640 W 7 Amp 
95 725 W 8 Amp 
Power-hne regulation not requ~red  ~f bat ter~es 
re In place and l ~ n e  voltage does not  exceed 
25 v 

igure B. Chart of Tektronix oscilloscope power 
equirements. 

(2) The  second problem is a little more 
lifficult. Althougl~ slow periodic fluctua- 
ions in po~ver-line voltage can be con- 
.enientlp handletl with a variable auto- 
ransformer, as above, there are many 
m a s  where wide line-voltage variations 
ire so frequent that a constant-voltage- 
ransformer type of regulator appears to 
)e the only solution. However, for proper 
)peration of the oscilloscope power sup- 
)lies, it is extremely important that the 
.egulator does not cause waveform dis- 
ortion. The electronically-regulated 
lower supplies in Tektronix oscilloscopes 
-equire not so much a certain rms voltage 
In which to operate, as a certain mini- 
nun1 peak-to-peak voltage. Many regula- 
ing transformers of the saturable-react- 
mce type regulate primarily by limiting 
he peaks of the incoming sine waves. 
Either an rms or average-reading AC 
roltmeter (most voltmeters are of the 
atter type) may indlcate the proper rms 
~ o l t a g e  for scope operation. However, 
:he actual peak-to-peak voltage supplied 
3y most of the common "constant- 
voltage" transformers is insufficient for 
proper operation of the scope's power 
supplies. Under these circumstances ex- 
xssive ripple, jitter, and instability will 
result. Therefore, it is important to  use 
snly a low-distortion type of regulator - 
sne having less than, say 5% distortion 
at the highest expected incoming line 
voltage under full oscilloscope load con- 
ditions. Regulators of this type are 
available through commercial channels, 
though a t  some increase in cost over the 
models without waveform correction. 

T h e  third problem - serious waveform 
distortion, giving the effect of low line 
voltage -will be discussed in Par t  2 
of this article which will appear in the 
June issue of S E R V I C E  S C O P E .  T h e  
discussion will include methods of deter- 
mining whether waveform distortion will 
seriously affect the performance of your 
instrument and suggested solutions for 
the problem. 

USED INSTRUMENTS WANTED 
1 Type 515 Gene Pulaski 

200 Maple Ave. 
Graterford, Penn. 

1 Type 514 or J.  L. Hartke 
Type 515 for Elec. Eng. Res. Lab. 
cash or will University of Illinois 
trade Water- Urbana, Illinois 
man USM- 
24C Pulse- 
scope 

1 Type 310 Carl C. Rosen 
Ray Jefferson, Inc. 
4000 N. W .  28th Street 
Miami 42, Florida 

Copyright 1961 Tektronix, Inc. 



1 Type RM16 Herb Evans, Chief Eng. 
W T H S - T V  
1410 N. E. 2nd Avenue 

1 Miami 32, Florida 

1 General Pur- Robert W. Blair, R.1.D 
pose D C  to 1 3761 Stocker Street 
or 5 m c  scoDe Los Angeles 8, Calif 

P h o n e  AX 5-4347 5" c r t  

1 Type 575 

1 DC-to-10 mc 
01- better 
scope. 5" crt 

1 Type 121 
Amplifier 

1 Type 512 or 
Type 513 or 
Type  514 

1 Type  531A 
or Type  533 

1 Type  53/54C 
or C A  Plug- 
In  Uni t  

Roger Hill 
Electronic Systems of 

America, Inc. 
624 High Street 
Racine, Wisconsin 
Phone: M E  4-7747 

Phil Adelman 
6332 \V. 85th Place 
1.0s Angeles 45, Calif. 
Phone: O R  4-3504 

Stevens P. Tucker 
Physics Department 
Oregon State College 
Corvallis, Oregon 

Art Humpherp 
Digitrols, Inc. 
8 Industry Lane 
Cockeysville, Marylanc 

\Villiam Bowin 
54-D Oak Grove Drive 
Baltimore 20, Md. 

USED INSTRUMENTS FOR SALE 

1 T y p e  53/54C Ken Mollenauer 
Plug-In s/n Argonaut Underwriter: 
7414 - $125 250 Middlefield Road 
or best offer Menlo Park, Calif. 

1 T y p e  514D Gene Phelps 
K P T V  
P. 0 .  Box 3401 
Portland, Oregon 

1 T y p e  524AD Seymor Schatz 
s/n 2710 Rainbow T V  Sales 

& Ser. 
6302 Fifth Avenue 
Brooklyn 20, N. Y. 
Phone: H Y  2-6662 

1 T y p e  G Plug- R. L. Arntz 
In Uni t  The  Hartman Electri- 

cal Mfg., Co. 
175 N. Diamond Stree 
Mansfield, Ohio 

1 T y p e  543 with hlr. MacDonald 
T y p e  CA Sports Network 
Plug-In 36 West  44th Street 

New York 36, N. Y. 
Phone: MU 2-0117 

1 T y p e  513D Ronald Knight 
s/n 1887 Pulse Engineering, In1 
.Asking $495 560 Robert Avenue 

Santa Clara, Calif. 
Phone: C H  8-6040 

BEWARE OF MISLEADING 
INSTRUCTIONS 

The  instructions for installing the Type 
502 Horizontal Beam Registration Field 
Modification Kit (Tek #040-234) con- 
tain an error. O n  page 4, step 13 should 
read as follows: 
( ) 13. Solder the white-blue wire to 

the #1 wafer, #4 position. 
The possibility exists that there are 

Type 502 instruments in use with this 
mod installed with the white-blue mire 
going to the wrong (#3  position) con- 
tact. Under these contlitions, one of the 
horizontal deflection plates will be left 
"hanging" or unconnected. The  notice- 
able effect of this error is that with the 
HORIZ.  D E F .  P L A T E  S E L E C T O R  
switch in the U P P E R  BEAM AMP.  
position, the P O S I T I O N  control on the 
U P P E R  BEAM section of the front 
panel will have only 5 cm of horizontal 
range (using normal intensity). 

T o  correct the error, place the Type 
502 on the bench with the left side fac- 
ing you and remove the side panel. 0 1 1  

the #1 wafer of the H O R I Z .  D E F .  
P L A T E  S E L E C T O R  switch, locate the 
contact with two white-blue wires 
(Note: the #1 wafer is the one nearest 
the mounting bracket). Unsolder, from 
this switch contact, the white-blue wire 
that is dressed through one of the grom- 
mets on the bottom of the switch bracket 
(Caution: do not unsolder the white- 
blue wire running to  the neck of the 
crt). Move the unsoldered wire one 
contact to the right and resolder (this 
contact will have a bare wire going 
to the # 2  wafer of the switch). With 
this correction the instrument should 
operate properly. 

TYPE 580 SERIES OSCILLOSCOPE 
TRIGGER CIRCUIT MODIFICATION 
Installation of a Type 581/585 Tunnel- 

Diode Trigger Circuit Modification Kit 
will extend the reliable triggering capa- 
bilities of these instruments out to  a full 
100 mc. The  modification will not impair 
the instrument's ability to trigger reliably 
on signals of low amplitude or pulses of 
very short duration. 

Time required by a trained technician 
to install this modification is about six 
hours. Tentative triggering specifications 
of the instrument will then be as follows: 

Frequency Amplitude 
Internal DC to 10 mc 2 mm 
Triggering 10 mc to 30 mc 1 cm 

30 mc t o  50 mc 2 cm 
50 mc to  100 mc 3 cm 
D C  to 10 mc 0.2 v 

External 10 mc to 50 mc 0.5 v 
Triggering 50 mc to 100 mc 1.0 v 

This modification applies to all Type 
581 instruments below serial number 511 
and all Type 585 instruments below serial 
number 1071. Please consult your Tek- 
tronix Field Engineer to  order this mod- 
ification. 

TYPE 570 CHARACTERISTIC CURVE 
TRACER WILL SAVE THIS CUSTOMER 

MONEY 

Tektronix Field Engineer Francis 
Trost reports that one of his customers 
ad need of 19 matched tubes. This cus- 
omer ordered the tubes from a supplier 
nd the charges amounted to  $800.00. 
'he raw stock price of these tubes was 
81.95 each. Based on this experience, the 
ustomer felt he could more than justify 
he purchase of a Type 570 Character- 
stic-Curve Tracer. By matching his 
)\vn tubes, it xvould take only a couple 
)f situations like the one described above 
o realize savings that \\-ould more than 
.over the purchase price of a Type 570 
nstrument. An extra bonus would be 
hat the Type 570 would be readily avail- 
h l e  to the design engineers in tailoring 
:ircuits to  fit the operating character- 
stics of available tubes. Also, tubes 
:auld be selected faster and more accur- 
ttely for circuits requiring other than 
tverage electron-tube characteristics. 

PREFIXES AND SYMBOLS 
Reproduced in the chart below are the 

>refixes and symbols of electrical units 
as adopted I,v The National Bureau of 
~ t a n d a i d s .  - 

Your Tektronix Field Engineer has a - 
Supply of these charts in two sizes; a 
13/Jf' x 7" card suitable for posting near 
your. desk or in your work area, and a 
handy wallet-sized card convenient to 
carry with you as a quick and ready 
reference. 

H e  offers these charts to you with his 
compliments and suggests you contact 
him i f  vou have not received vours or if 
you require additional charts. 

@ Tekf ron ix ,  Inc. - 
P 0 .  Boz 500 . Beoverlon. Oregon 

Phone Ml$cliell 40161 . IWX-BEAY 11 I . Coble IEKTRONIX 

PREFIXES and S Y M B O L S  
o t  Electrical Units as Adopted b y  

The Nat ional  Bureau o f  Stondards 

UNIT 

10'2 

1 0' 

10: 

10 

10: 

10 

10- 

10': 

10.. 

1 o-L 
1 0-< 

lo-'. 

PREFIX 

t era 

gigs 

mega 

k i lo  

hecto 

deka 

deci 

centi 

mi l l i  

micro 

nano 

pic0 

S Y M B O L  

T 

G 

M 

k 

h 

d k 

d 

C 

m 

1 5  

n 

P 

Compliments o f  your Tektronix Field Engineer 



MISSING INSTRUMENTS 
O u r  Chicago 1:ield Office sends wort1 

that  a Type 31011 oscilloscope, s/n 13069 
is ~n i s s ing  antl may have been stolen 
11-0111 the Toledo Scale Company, 2033 
Sou th  hIichigan, Chicago, Illinois. 

If you liave any information regarding 
this instrument, please ~ v i r e  or call tlie 
'l'oletlo Scale Company collect. 'l'lie tele- 
phone nulnl~er is CA 5-7143. 

TYPE 81 PLUG-IN ADAPTER 
PARASITIC OSCILLATIONS 

Parasitic oscillations can occur on the 
trace of Type 581 antl Type  585 Oscillo- 
scopes \vlieii using tlie Type  81 Plug-In 
Adapter. These oscillations appear at  a 
frequency of approximately 200mc and 
liave an a~nplitutlc of fl-om t\vo to four 
Inm. 

11 simple modification of the 'Type 81 
\\-ill  cliniinate tlicse oscillations. 'I'liis 
motlification consists of 0.01 150 
volt tliscap atltletl in parallel to R549, a 
31c, 5\\-, \vise \vountl resistor. ,. 1 o i~istall this modification, remove tlie 
, . 1yl)c 81 from tlic oscilloscol~e and place 
it o n  the I~ench ljottom side up. Locate 
contacts I4 antl 16 on the male amplieno1 
coilncctor. 'l'race lncli  from these con- 
nectors to wlierc R 547 and R 548; two 
93 n, $ \v, precisioh resistors, join R 549, 
a 3 k, 5 \v, \vise wound resistor. Solder 
one end of an 0.01 pf ,  1.50 volt tliscap to 
this connection antl soltler the other end 
to the  ground lug located on tlie female 
:~rnplicnol connector. 

Th i s  modification applies to all 'Type 
81 Plug-In Atlapters except tlie follo\\~- 
ing: 

143 264 641 654 
152 266 642 655 
154 268 644 656 
188 272 645 661 

These instruments \verc modifictl out 
of seqnencc a t  the factory. 

REACTIVATING THE CATHODES 

A cathode-ray tube tliat has heen in 
storage for some time should be "re- 
activated" before being placed in service. 
T o  reactivate tlic cathode, operate the 
C R T  \vith 8 volts 011 tlie heater (other 
operating conditions normal) for about 
one hour, and follow with 24 hours of 
operation a t  normal heater voltage. Dur- 
ing the reactivation period the beam 
should be positio~ied off the face of the 
CRT.  

TEKTRONIX OPENS I N  MONTREAL, 

MARCH 15 
Opening the 36th Field Office provides 

~ i io rc  itnmetliate attention to tlie needs of 
Tel;tronix customers in Quel,ec, Kova 
Scotia, Prince Edward Island, Se\v  
13runs\\-ick, and Ne\~fo~indlant l .  These 
areas \\-ere formerly served from our 
Toronto Field Office. 

CHECK YOUR SERVICE SCOPE 
ADDRESS ! 

Please, i f  yoci wish unintcr~-uptctl tlcliv- 
el-y of your copy of Service Scope, advisc 
us of any changc in your address i n -  
mediately. 

After every mailing of this publication, 
our returned mail contains a large n u n -  
11er of copies marl<ctl "untlelivera1)le". 

U O ~ ~ J O  ' u o l ~ a ~ a a q  
OOS XOCi '0 'd 
'3UI 'x!UOJ+yal 

Investigation discloses that an  atldresscc 
niay have moved only fro111 one room to 
another witliin the same l~uildiiig, liow- 
ever, Service Scope delivered to his old 
atltlress niay not reach him. The  reason 
for their non-t1clive1-y seems to stem from 
the rapid expansion, both in size and ac- 
tivity, tliat many companies and military 
installations arc experiencing. Appar- 
ently, the people responsible for internal 
tlistribution of mail a t  these organizations 
find it difficult to keep abreast of the 
many IIIOVCS antl changes of personnel 
scsulting from this expansion. 

As an aid in insuring the delivery of 
mail under these conditions, we would 
like to offer the follo\ving suggestions: 
Iletermine th roug l~  the 11cople responsi- 
ble for tlistl-ibution of mail within your 
organization, the adtlress infol-mation re- 
quired to assure tlclivery of mail intended 
for you. Advise your col-respondents of 
this information. Notify them as quiclclp 
as possil~le \vlien changes occur in 
itiformation. 

Tektronix Instrument-Repair Facilities: There  is a fully-equipped and properly-staffed Tektronix In -  
A-2063 strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 



USEFUL I N F O R M A T I O N  FOR USERS O F  TEKTRONIX INSTRUMENTS 

NUMBER B PRINTED IN U.5.A JUNE 1961 

SOLVING POWER LINE PROBLEMS 
FOR BETTER SCOPE PERFORMANCE 

Editor's note:  Par t  1 of this article 
appeared in the April 1961 issue of 
S E R V I C E  S C O P E .  As exr~lained there, 
the ~ r o b l e m s  that affect Tektronix in- 
struments and arise from the condition 
of excessively high or lo\v line \foltage, 
seem to fall into three main categories: 
(1) continuous high or low line voltage; 
(2) fluctuations between high or loiv 
line voltage; antl (3) serious waveform 
distortion, giving the effect of lo\\- line 
voltage. T h e  first t ~ v o  of these categories 
\\.ere discussed in Par t  1 and some sug- 
gested solutions outlined. Par t  2, be lo^, 
takes up the third category antl co~icludcs 
the article. 

Pa r t  2 
T h e  third major probleni - serious 

~vaveform distortion - is the most dif- 
ficult to overcome, since general-purpose 
correction systems are not always i n -  
metliately available. T o  determine mheth- 
er \vaveform distortion will seriously 
aficct the performance of your instru- 
~ n e n t ,  use an oscilloscope to measure 
carefully the peak-to-peak voltage on the 
instrument's filament line, and compare 
this reading with the rms reading, as 
taken wit11 a calibrated voltmeter. For 
6.3 volts rms (indicating 117 volts rms 
power-line voltage) the peak-to-peak 
reading on the oscilloscope sl~ould be 
17.8 volts. If this reading is less than 
17.0 volts peak-to-peak, it indicates that 
the poxver supplied to the instrument is 
not adequate ior proper po\vcr-supply 
I-egulation throughout the instrument's 
nominal 105-125 volts rms rating. The  
instrument will prol~ably be in difficult?; 
somewhere above 105 volts rms. X p e a k  
to-peak reading of 15.5 volts or  less for 
a 6.3 volts rms voltmeter reading intli- 
cates that the instrument's power supply 
\\-ill regulate only marginally even a t  117 
1-olts I-ms, 011 the power-line waveform 
supplied. 

\\"e have hat1 reports of a few case: 
w11e1-e local ~vaveform distortion, com- 
bined \vith slight deterioration of tu l~es  
rectifiers o r  capacitors in the oscillo. 
scope, has caused a customer to go tc 
consitleral~le expense in component re 
placement because the instrument "drop 
pet1 out" of regulation above what ap 
pearetl to be 105 line volts. W e  sugges 
in these cases that an  accurate measure 
mcnt o i  the actual peak-to-peak line volt 
age be madc before replacing other t h a ~  

I obviously-iailed components. An adapter 
srich as that illustrated belo\v (F igureC)  

1N2070 

( o i l )  

1 N2070 
( o i l )  

:igure C. Peak-to-peak reading adapter for 20,000 
?/vo l t  V -0 -M.  

Jse of silicon diodes and oil-f i l led (or Mylar  or 

3aper) capacitors assures accurate voltage output 

RMS Peok-to-Peak 

105 v 297 v 

117 v 331 v 
125 v 354 v 

can be used with a voltmeter to obtain 
peak-to-peak ~neasuremcnt of the line 
\vaveiorm at nioderatc construction cost. 
Altel-natively an oscilloscope equipped for 
accurate diffescntial voltage measure- 
ments in the 300-350 volt range can be 
used to make the peak-to-peak voltage 
measurement directly from the po~ver  
line. I t  is not recommendeti that a scope 
be used "single ended" to measure its 
o\vn pol\-er line voltage because of possi- 
l ~ l e  measusement errors and serious shock 
and damage l~azards.  The  oscilloscope 
po~vcr  supplies should continue to regu- 
late properly dolvn to 295 volts peak-to- 
peak. If the peak-to-peak line voltage is 
less than 295 volts for an  rms  reading of 
105 volts, but the scope power supplies do 
regulate correctly at  295 peak-to-peak 
volts, then the trouble is ~ n o s t l y  in the 
po\ver-line ~vaveform, and power-supply 
conxponents are probably in good condi- 
tion. 

I f  power-line waveform distortion 
exists on the power lines into pour build- 
ing, the easiest solution may be to have 
the local poxver company correct the 
waveform for you. However, if it's caused 
by in-plant equipment (any high-current, 
nonlinear load \\-ill cause some distor- 
tion), it may be necessary to apply your 
own \vaveform-correction, using a filter 
of appropriate design and a trans for me^. 
( to compensate for filter losses) bet\vec~i 
the po\vcr line and the oscilloscope. 111 
extreme cases where severe fluctuation: 
and tl-ansicnts a]-e also involved, it ma) 
be necessary to employ a motor-generatoi 
set to obtain a steady, sinusoidal .rvavc- 
form. As before, be sure that the currenl 
rating of the filter or  motor-generator se. 
is atlequate ior oscilloscope operatior 
(See Figure B). 

Scope 

TY pe 
310(A! 
31 5 
316 
317 
321 
502 
503 
504 

Max. 

Power 

Consumption 

175 W 
375 W 
260 W 
260 W 

20 W 
280 W 
107 W 
93 W 

Recommended 

Transformer 

Rating (Min) 

2 Amp 

4 Amp 

3 Amp 

3 Amp 

1/4 Amp" 

3 Amp 

1 Amp 

l Amp 

8 Amp 

3 Amp 

3 Amp 
51 3 475 W 6 Amp 

51 4(A) 375 W 4 Amp 

51 5(A) 300 W 3 Amp 

516 300 W 3 Amp 

517(A) 1250 W 15 Amp 

51 9 660 W 7 Amp 

524(A) 500 W 5 Amp 

525 380 W 4 Amp 

526 340 W 4 Amp 

527 240 W 3 Amp 

531 (A) 455 W 5 Amp 

532 475 W 5 Amp 

533 500 W 6 Amp 

535[A] 550 W 6 Amp 

536 650 W 7 Amp 

541 (A) 520 W 6 Amp 

543 530 W 6 Amp 

545(A) 600 W 6 Amp 

551 900 W I0 Amp 

555 1050 W 12 Amp 

56 1 175 W 2 Amp 

570 400 W 5 Amp 

575 410 W 5 Amp 

58 1 640 W 7 Amp 

585 725 W 8 Amp 

"Power-line regulation not required if batteries 

ore in place and  line voltage does not exceed 

125 v. 

Figure B. Chort of Tektronix oscilloscope power 

requirements 

Incidentally, it should be mentioned 
that a step-up transformer alone should 
not be used \vhere wavefo~nn distortion 
is the primary cause of power-supply 
regulation prol~lcms. If the peak-to-peak 
voltage of a seriously flattened power--line 
\\-avefol-m is increased suificiently to 011- 
tain good po\ver-supply regulation, the 
unregulated filament lines in the scope 
will rise to excessive levels, causing pre- 
mature t u l ~ c  failures from increased dis- 
sipation, gas, leakage, and filament burn- 
outs. 

As \\.it11 other problems in using o r  
maintaining your Tektronis  oscilloscope. 
you'll find your local 'Tektronix Field 
Eugineer is anxious to help in identifying 
and solving any poivcr-line problems that 



i n t e r f e re  wi th  your instrument's best per- 
f o rmance .  A list o f  Tek t ron i x  Field 
O f f i c e s  can be  found in  our current 
ca ta log ,  and is reprinted fro111 t ime t o  
t i m e  i n  Service Scope. 

TESTING UNIJUNCTION TRANSISTORS 
WITH TRANSISTOR CURVE TRACER 
B y  W a l t e r  Keller, Project Engineer, 

Cord i s  Corporation, Niaini, Florida, wi th  
J e r r y  Kraxberger, T e k t r o n i s  Field E I I -  
g ineer ,  S t .  Petersburg, Florida, assisting 
w i t h  write-up. 

Edi tors  note:  I f  you are (a s  your 
ed i t o r  w a s )  in a bit o f  a quandary as t o  
w h a t  is a unijunction transistor, a little 
research m a y  be indicated. 

T h e  General Electric Transistor Mall- 
ua l ,  Fourth Edition, contains a descrip- 
t i o n  o f  unijunction transistors wi th  an 
explanation o f  their theory o f  operation. 
I believe the  short t ime required t o  read 
t h i s  material v ~ i l l  Be t ime well spent. It 
wil l  aid in the  more  thorough under- 
standing o f  Mr.  Keller's and Mr.  Kras -  
berger's  article and perhaps give a greater 
appreciation o f  the  versatility o f  unijunc- 
t i o n  transistors in many  circuit applica- 
t ions .  

T h e  utility o f  a curve tracer for cir- 
cu i t  design has proved itself t o  many.  
F o r  those w h o  have let it become a sec- 
o n d  "right arm", it is a major handicap 
w h e n  the  curve tracer can not  be e m -  
ployed t o  study one o f  t he  less conven- 
t ional semiconductor groups. 

I n  studying t he  uni formi ty  o f  a f e w  
commercially acquired 2N492 transistors 
--particularly the  intrinsic s tand-of f  
ratio'  or the  breakdown point o f  t he  emit-  
t o r  voltage as a function o f  the  voltage 
be tween  the  bases-the following tech- 
n ique  was  used:  

Employing  any  conventional transistor- 
curve  tracer, connect B ,  o f  a unijunction 
transistor t o  ground and B2  t o  t he  sweep 
vol tage  as the  collector would be  con- 
nec ted .  T h e n  connect t he  emitter t o  the  
stepping constant current source and 
shun t  a 0.1 p f  capacitor f r o m  B ,  t o  E .  
S w e e p  the  bases wi th  a positive half-sine- 
w a v e  voltage and the  emitter w i th  a 
positive constant current just as one 
would  do  in the  common  emitter N P N  
connection. ( S e e  Figure 1.) 

O n  a Tektronix  T y p e  575 Transistor- 
Curve  Tracer,  connect B2  t o  t h e  terminal 

marked base, and B ,  t o  t he  terminal 
marked emitter (g round) .  Connect an 
0.1 p f  capacitor f rom emitter t o  ground. 
Apply  voltages for the  common  emitter 
N P N  transistor connection. 

Consider a single emitter current step 
and the  accompanying half-sine-wave 
voltage applied t o  B ,  (illustrated in Fig- 
ure 2 ) .  Initially the  current is stepped 

f r o m  zero t o  a positive value o f  con- 
stant current ( say  t o  step # 1 )  as in 
Figure 1. T h i s  constant current step 
causes the  capacitor C t o  charge at a 
linear rate and the  instantaneous voltage 
is plotted as emitter voltage o n  t he  verti-  
cal axis in Figure 2. W h i l e  t he  emitter 
voltage is increasing, t he  B ,  voltage 
(half-sine-wave which coincides w i th  cur- 
rent in step #1) is increasing (mov ing  t o  
the  right f rom A to  B in Figure 2 ) .  Even  
though the  voltage o f  B ,  reaches the  peak 
value o f  B ,  t he  transistor is inactive be- 
cause the  capacitor charges rather slowly.  
A s  the  B ,  instantaneous voltage decreases 
f rom point B t o  C ,  the  capacitor voltage 
has increased suff iciently for the  emitter 
t o  trigger the  transistor into conduction 
causing the  emitter voltage t o  discharge 
the  capacitor voltage f r o m  C t o  D.  Note  
that a second ( E  to F ) ,  and even a third,  
firing point can some t in~es  be  observed. 
In  Figure 2 w e  have shown only  one 
complete emitter current step w i th  i ts  ac- 
companying B ,  half-sine wave  sweep. 
Figure 3 is an actual photograph o f  a 
General Electric T y p e  2N492 unijunction 
transistor ( f o rmer l y  called double-based 
diode) displayed on  a Tek t ron i x  T y p e  575 
Transistor-Curve Tracer.  Front panel 
controls o f  the  instrument were set as 
follows: 

Vertical-0.5 Base Vo l t s /D iv .  
Horizontal-1 Collector V o l t / D i v .  
Base S tep  Generator-Polarity t o  + 

and Step Selector t o  0.01 rna/step. 
Collector Sweep-Polarity t o  + and 

Peak V o l t s  t o  10 volts  on  20 volt  
range. 

Dissipating Limiting Resistor-to ap- 
prox. 2 Q. 

'Transistor Mounting Board-to ground- 
ed emitter positton. 

I f  one considers t he  locus o f  breakdown 
points (point  C for each curve) ,  a com-  
plete relation o f  emitter breakdown vol t -  
age as a function o f  B ,  voltage is ob- 
tained. All points below and t o  t he  right 
are nonconducting points; above and to  
the l e f t  are emitter and base voltages 
where conduction would occur w i th  the  
conventional uniiunction characteristics. 

Vp=peak emitter voltage 
N=intrinsic s tand-of f  ratio ( 1 )  ( 2 )  ( 3 )  

Vbb=interbase voltage 
TJ=junction temp.  ( D e g .  Kelv in)  

[11 Figure 2 Vp is the  emitter voltage on 
he vertical axis anti Vbb is the  B ,  volt-  
ige on  the  horizontal axis for point C .  I 
References: 

1. "Silicon Unijunction Transistor 
I'ypes", General Electric Company Bro- 
:hure #Ecg357 Rep  1/60 

2 General Electric Company Transis-  
tor Manual, 2nd. Edit ion,  pp 40-11. 

3. " A  Handbook o f  Selected Semicon- 
luctor Circuits". N a v S h i ~ s  93483. N O b s r  
73231, RuShips,  ~ a v y  ~ e p t . ,  p p  6-57, cir- . ~- 

x i t  #6-15. 
4. T . P .  Sylvan,  "Bistable Circuits U s -  

ing Uniiunction Transistors". Electronics. 

TYPE Z UNIT 
DAMAGE HAZARD 

W e  have found a problem in t h e  T y p e  
Z DifferentialLComparator Un i t s  ( w i t h  
serial numbers below 749) .  Under  a parti- 
cular set o f  conditions this  problem can 
cause trouble. T h e  contacting sectors o f  
t he  M O D E  switch are a f e w  thousandths 
too wide.  Consequently, i f  you t u rn  the 
M O D E  su itch too  slowly when  changitlg 
f r o m  one mode t o  another you m a y  
ground the  input signal through the  10- 
T u r n  Precision Potentiometer.  . . w e  
traced several potentiometer failures t o  
this problem. Also,  you m a y  short I N -  
P U T  A directly t o  I N P U T  B as you 
turn  the  M O D E  switch. 

Y o u  can minimize the  chances o f  this  
trouble occurring b y  turning t he  M O D E  
sn i t ch  quickly when  changing f r o m  one 
position t o  another-the trouble is more  
apt t o  occur i f  you hesitate between 
switch positions. However ,  a more  
practical w a y  t o  protect the  instrument 
is t o  install a Z-Unit  Field Modification 
Kit ,  T e k  number 040-262. T h e  K i t  con- 
tains four each 0.02@f, 150 v capacitors 
and 33 k ,  r / l  w, 10% composit ior~ resistors, 
a schematic diagram and installation 111- 
structions. There  is no  charge for this  
ki t .  Place your order through your T e k -  
t ronis  Field Engineer and be  sure t o  
include the  serial number o f  t he  Z U n i t  
for which the  modif ication is intended.  

I f  you prefer, you m a y  obtain t h e  capac- 
]tors and res~s tors  locally and make  the  
modif ication using the  instructions that  
follo\v as your guide. First, however,  
consult the  switch identification aid 
she\\-n in figure 1 below. 

1 .  wafer. .re .urb.red fro. front (a 
rear; wafer 0°C b c h g  ""L", a t c .  

2. 111 coniacr p w l r l o n n  arc mmbered 
rchr lvc  t o  the lv l ich  Index key u 
.horn. 

3 .  m.inec. on front or rear of W f c i  
have an "r' or I'R" . " f f l X ,  rrapcct- 
Lvoly. 

Here are the instructions for  the m o d -  
i f ication: 

Copyright 1961 Tektronix, Inc. 



I N S T R U C T I O N .  
( ) 1. Remove the strap connecting W2- 

12F to W1-12R of the mode switch 
(see figure 2, step 1) .  

( ) 2. Remove the white-violet wire from 
W1-12R (see figure 2, step 2). 

( ) 3. Replace the .Ol pf capacitor (lo- 
cated between W2-12F and the 
metal shield plate of the mode 
sn-itch) with a .02 pf 150 v capac- 
itor (see figure 2, step 3) .  

( ) 4. Solder one end of a .02 pf 150 \- 
capacitor to W1-12R and solder 
the other end to the metal shield 
separating W l  and W 2  (see 
figure 2, step 4). 

( ) 5. Solder one end of a 33 k, % \I-, 
10% resistor to W2-12F (see fig- 
ure 2, step 5).  

( ) 6. Solder one end of another 33 k, 
I/s w, 10% resistor to W1-12R 
(see figure 2, step 6). 

( ) 7. Solder the remaining ends of the 
33 k, I/s IV, 10% resistors (just In- 
stalled) and the white-violet wire 
(removed in step 2) together (see 
figure 2, step 7). 

( ) 8. Parallel each of the remaining 
33 k, % w, 10% resistors with the 
remaining .02 pf 150 v capacitors. 
Clip both combinations to leads 
of approximately inch. 

( ) 9. Replace the ground strap con- 
necting W2-7R to the shield 
(separating IV1 and W2)  with 
one of the 33 k-.02 pf combina- 
tions described in step 8 (see 
figure 2, step 9).  

( ) 10. Using a scribe or a sharp solder- 
ing aid, unsolder W1-1R from the 
shield. Solder the remaining com- 
bination of the 33 kF.02 pf from 
this contact to the key of the 
switch (see figure 2, step 10). 

( ) 11. T H I S  C O M P L E T E S  T H E  I N -  
STALLATION.  Recheck your 
work. 

Figure 2-Drawing showing installation 
steps for the above 2-Unit field modifi- 
cation. 

USED INSTRUMENTS FOR SALE 

1 T y p e  524D Jim Robertson 
Chief Engineer 
IVLEX T V  
Lexington, Kentucky 
Phone L E  4-8747 

1 T y p e  5 l l A D  I-iarry Nickerson 
s / n  1730 Chief Engineer 

Chalco Engineering 
Corporation 

15126 Broadxvay Street 
Gardena, California 

1 Type 511AD Erich Frank 
s/n 1223 University of Chicago 

Enrico Fermi Institute 
5630 S. Ellis Street 
Chicago 37, Illinois 
Phone M I  3-0800, 
Ext. 3757 

1 Type 535 Chas. Hagen, Test Eng. 
s/n 7189 Microsonics, Inc. 

349 Lincoln Street 
Hingham, Mass. 

1 Type 317 or Charles Woll 
other D C  to 10 361 Holmes Road 
MC scope Holmes, Pennsylvania 

1 Type 514D or John Creedon 
Type 515 Applied Radiation 

2404 N. Main Street 
Walnut Creek, Calif. 

L Type 310 (in- Howard E. Winch, 
struments in CWO,  W 3  
need of repair Det. 2, 714th AC& 
preferred) W R O N  

Driftwood Bay, Alaska 

I 1 Type 121 Am- John West  
USED INSTRUMENTS WANTED ~ l i f i e r  (condi- Tektronix. Inc. 

1 Type 531 o r  Donald Lusk 
Type 532 2521 South Pearl St. 

Denver 10, Colorado 

1 Type 512 o r  Douglas Waltz 
Type 514 410 West  Park Avenue 

Kokomo. Indiana 

1 530 Series (or George Jacobson 
equivalent) 2931 Anzac Avenue 
scope Roslyn, Pennsylvania 

Phone T U  4-1345 

tion of instru- 442 ~ a r r e t t  Road 
ment not Lexington 73, Mass. 
important) 

1 Type 545 Chas. Hagen, Test Eng-. 
hIicrosonics, Inc. 
349 Lincoln Street 
Hingham Mass. 
Phone R I  9-3100 

1 Type 524 Test Equipment Co. 
and 9012 Diana 

1 Type 511 El Paso, Texas 

ANOTHER NEW FIELD OFFICE 

T o  better serve the area outlined by 
the map above, we have opened a new 
Tektronix Field Office a t  3530 Golden 
Gate Way in the community of Lafayette, 
California. Strategically located in the 
fast-growing East Bay region, this office 
makes the many services offered by a 
Tektronix Field Office more conveniently 
available to people in this area. 

Tektronix Field Engineer Howard King 
\vill be in charge of the new office. 
Howard joined Tektronix as a Field En- 
gineer in 1956 serving in this capacity 
in our Long Island Field Office until 

June 1959 and more recently in our Palo 
Alto Field Office. 

Tektronix Field Engineer Tony Bryan, 
presently with our Field Office in Endi- 
cott, New York, will join Howard in the 
new location on about July 1st. 

Field Secretary Virginia Brown will 
assist Howard and Tony with details in 
the new office. 

Telephone numbers of the new office 
are: For  the Oakland, Berkeley, Rich- 
mond, Albany, San Leandro communities 
CLifford 4-5353; for all others YEllow- 
stone 5-6101. T W X  Number: L A F  C A L  
1639. 
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MISSING OSCILLOSCOPES 
O u r  Union. Ne\v Jersey Field Office 

sends  ~ r o r d  that a Type  310A Oscillo- 
scope. serial number 29959. is missing 
ant1 may  have Ixen stolen from the Nat- 
ional Cash Register Co . of Newark. Ne\v 
Jersey . If you have any information on 
tlie ~vliereabouts of this instrument. please 
contact the National Cash Register Co . 
in Newark. New Jersey . 

A WORD OF THANKS 
AND A SUGGESTION 

T h e  February issue of S E R V I C E  
S C O P E  carried an article warning 
against  damage tliat can occur to the dis- 
tributed amplifier of some Type  530/550 
Series Oscilloscopes . 

W e  wish to thank the many. many 
people \\-110 \\-rote us expressing appreci- 
ation for our candor in bringing tlie 
situation to your attention . Requests for 
the motlification kits liave been so num- 
erous T\-e liave not been able to procure 
enough components to f i l l  your orders 
promptly . \Ve are asking for your pa- 
tience c until \\-e are able to do so . 

I n  the meantime we would like 
to emphasize the fact tliat chances 
are  extremely small that you will have 
any  trouble . If you \vish to reduce these 
chances still further. we suggest tliat you 
cliecl< to see that the base of the C R T  is 
clamped securely . Xlost cases of trouble 
liave been cailsetl by the vertical deflec- 
tion-plate leads shorting to the edge of 
the C R T  sl~ield opening after the C R T  
has moved in its clamp; rougli l~anclling 
may cause slippage i f  tlie clamp is not 
secure . Some plastic electricians' tape 
1)lacetl around tlie shield opening \\-ill 
also help . 

W e  do not ~visli  to retract the recom- 
mendation that the modification I)e 
made-it can prevent a costly repair . 
I-lowever, some liave felt a degree of 
panic which we did not intend and \vhicll 
cannot be justified . 

Field Engineering Offices 

LLBUQUERQUE* . . . . .  Tektronix . Inc.. 509  Son Mateo Blvd . N . E .. Albuquerque. New Mexico . . .  .TW X-AQ 96  . . . . . . . .  AMherrl 8-3373 

Southern New Mexico Aieo: Enterprise 678 
iTLANTA* . . . . . . . . .  Tekfronix . In< .. 3272 Peochtree Rood. N . E.. Atlanto 5. Georgio . . .  .TW X-AT 358 . . . . . . . . . . . . . . . . .  CEdor 3.4484 

Huntrville . Alabamo Area: WX 2000 
ALTIMORE* . . . . . . .  Teklionix. Inc.. 724 York Rood. Towson 4. Maryland.. . .TW X-TOWS 535  . . . . . . . . . . . . . . . . . . . .  VAllcy 5-9000 
OSTON* . . . . . . . . . .  Tektronix . Inc.. 442 Morrett Road . Lexington 73 . Masrachuretlr TWX-LEX MASS 9 4 0  . . . . . . . .  VOlunteer 2-7570 
OFFAL0 . . . . . . . . . .  Tektronix. Inc.. 961 Maryvale Drive. Buffalo 25. New York . . .  . l W  X-WMSV 2 . . . . . . . . . . . . . . . . . . . .  NF 3-7861 

:HICAGO* . . . . . . . . .  Tcktronix . Inc.. 400  Higginr Rood . Park Ridge 15. l l l inoir . . . .  PK RG 1395 . . . . . . . . . . . . . . . . . . . . .  TAlrotl 5-6666 
:LEVELAND . . . . . . . .  Tektronix . Inr  .. 1503 Brookpork Rood. Cleveland 9. Ohio TWX-CV 352 . . . . . . . . . . . . . . . . . . . . .  Florida 1-8414 

Pittrburgh Areo: ZEoith 0212 
IALLAS* . . . . . . . . . . .  Tektronix . Inc.. 621 1 Denton Drive. P . 0 . Box 35104. Dollar 35. Tcxor . . .  .TW X-DL 264 . . . . . . .  FLeelwood 7-9128 
IAYTON . . . . . . . . . . .  Tektrooix . Inc.. 3601 South Dixie Drive. Dayton 39. Ohio . . .  .TW X-OY 363 . . . . . . . . . . . . . . . .  Axminster 3-4175 

IENVER . . . . . . . . . . .  Teklronix. Inc.. 2120 Soulh Ash Street. Denver 22. Colorado . . . . .  .TW X-DN 879 . . . . . . . . . . . . . . . .  SKyline 7-1 249 
Salt Loke Area: Zenith 381 

IETROIT* . . . . . . . . . .  Toktronix . Inc.. 27310 Southfield Road . Lathrup Villagc. Michigan . .  .TW X-SFLD 938 . . . . . . . . . . . . . .  ELgin 7-0040 
NDICOTT* . . . . . . . .  Tektronix. In<.. 3214 Wotron Blud .. Endwcll. New Yolk . . .  .TW X-ENDCT 290 . . . . . . . . . . . . . . . . .  ..Pioneer 8-8291 
XEENSBORO . . . . . .  .Tektronix. Inc.. 1838 Banking Streel. Greenrboro. North Carolina.. . .TW X-GN 540  . . . . . . . . . . .  BRoadwoy 4-0486 
{OUSTON . . . . . . . . . .  Tektranix . Inc .. 2605 Werlgrove Lone. Hou+x 27. Texor . . .  .TW X-HO 743 . . . . . . . . . . .  M o h a w k  7.8301. 7.8302 
NDIANAPOLIS . . . .  Tektronix . Inc.. 3937  North Keystone Ave.. lndionopol i l  5. Indiana.. . .TW X-IP 361X . . . .  Llberty 6.2408. 6.2409 

CANSAS CITY . . . . . . .  Tektronix . In<.. 5920  Nall. Mission. K a n m  . . .  .TW X-KC KAN 11 12 . . . . . . . . . . . . . . . . . . . . . .  HEdrick 2-1003 

St . Louis A r m :  ENlerprire 6510 
. 0 5  ANGELES AREA 

East L . A . . . . . . . .  Teklronix. loi.. 5441 East Beverly Blvd.. Eorl Lor Angeler 22. California . . .  .TW X-MTB 3855  . . .  RAymond 3-9408 
Encino . . . . . . . . . .  .Tektroni x.  In<.. 1741 8 Ventura Blvd.. Encino Colilornio . .  .TW X-VNYS 5441 . . . . . . . . . . . . . . . . . .  STole 8-51 70 

*West L . A . . . . . . . . .  Tektronix. Inc.. 11681 Son Vicente Blvd.. Wcrt Lor Angclcr 49 . Califoinio . . . . . . . . . . . . . . . . . . .  GRanile 3-1 105 
TWX: W L A 6698 From Lo5 Angeier telephoner coil . . . . . .  BRadshaw 2-1563 

MINNEAPOLIS . . . . . .  Tektronix. Inc .. 3100  W . Lokc Strecl. Minneopolir 16 . Minnerota . . .  .TW X-MP 983 . . . . . . . . . . . . .  WAlnut 7-9559 
MONTREAL . . . . . . . .  .Teklioni i. I n i  .. 3285 Cavendirh Blvd .. Suite 160  Montreal 28. Quebec . Canada . . . . . . . . . . . . . . . . .  HUntci 9-9707 
VEW YORK ClTY AREA 
'New York City and Long Island served by: 

Tektronix . Inc .. 840 Will is Avenue. Albcrtson . L . I.. New York . . .  .TW X-G CY NY 1416 . . . . . . . . . . . .  Plooeer 7-4830 
Wcrtcherler Counly. Werfern Connediwl. Hudson River Valley rerved by: 

Tektranix. In<.. 11 22 Main Street. Stamford . Connecticut . .  .TW X-STAM 350 . . . . . . . . . . . . . . . .  DAvir 5-381 7 
'Northern New Jersey rerved by: 

Tektronix. Inc.. 400  Chcrtnul Slreet . Union. New Jersey . . .  .T\V X-UNVL 82 . . . . . . . . . . . . . . .  MUrdmk 8-2222 
3RLANDO* . . . . . . . . .  Tektronix. In<.. 205 Eost Colonial Drive. Orlando. Florido . .TW X-OR 7008 . . . . . . . . . . . . . . . .  GArden 5-3483 
WILADELPHIA* . . . . .  Tektronix. Inc.. 7709 Ogontz Avc.. Philodclphio 50  . Pcnnrylvonio . . .  .TW X-PH 930 . . . . . . . . . . .  WAver ly  4-5678 
'HOENIX * . . . . . . . .  .Tektronix. lnc.. 7000 E . Camelbark Rood . Scottsdale. Arizono . . . . .  .TW X-SCSDL 52  . . . . . . . . .  WHitncy 6.4273 
PORTLAND . . . . . . . . .  Howthome Elcitranicr. 700 S . E . Howthorne Bivd .. Poitlond 14 . Oregon . . . . . . . . . . . . . . . . . . . . . . .  BElmonl 4-9375 
POUGHKEEPSIE * . . .  .Tektronix. Inc.. 8 Raymond Avenue . Poughkecpsic. New York . .  TWX-POUGH 5063 . . . . . . . . . . . .  GRover 1.3620 

SAN DlEGO . . . . . . . .  Tcktionix . Inc.. 3045 Rorccronr Street. Son Diego 10. Colifornio . . . . . . . . . . . . .  .TW X-SO 6341 Academy 2-0384 
SAN FRANCISCO BAY AREA 

Lafclyette . . . . .  Tektronix . Inc.. 3530 Golden Gate Woy. Lafoyettc. Colifornio . . .  TWX. LAF CAL 1639 . . . .  YEilow~tone 5.6101 
From Oakland. Berkeley. Richmond. Albony and San Leondro . . . .  CLiffoid 4 -5353  

*Polo Al lo . . . . .  .Tektronir. Inc.. 3944 Fobion Woy. Polo Alto. Colifoinio . . . . . .  .TW X-PAL AL 1 12 . . . . . . . .  DAvenpoit 6-8500 
SEATTLE . . . . . . . . . . .  Hawthorne Electronics . 11 2 Administrotion Bldg .. Boeing Field. Seotlle . Washington . .  TWX-SE 189 P A r k w q  5-1460 

ST . PETERSBURG . . . . .  Tcktronix. Inc.. 2330 Ninth Street South. St . Peterrburg 5. Florido . . .  .TW X-ST PEG 8034 . . . . . . . .  ORonge 1-6139 
SYRACUSE* . . . . . . . .  Teklronix. Inc .. Earl Molloy Road ond Pickord Drive . P . 0 . Box 155  . Syracuse 11 . New York 

TWX-SS 423 . . . . . . . . . . . . . . . . . . . . . . . . . .  Glenview 4-2426 
TORONTO* . . . . . . . . .  Tektronix. Inc.. 3 Finch Avc.. East. Willowdole. Ontario. Conado . . . . . . . . . . . . . . . . . . .  Toronto . GAldwin 5-1 138 
WASHINGTON D . C.*. .Tektronii. Inc.. 9619  Columbio Pike . Annandole . Virginio . . . . .  TWX-F CH VA 760 . . . .  CLeorbrook 6-741 1 

*ALSO REPAIR CENTERS Norfolk. Portrmouth ond Hompton Virginia Areo: Enteiprire 741 
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Tektronix Instrument-Repair Facilities: There  is a fully-equipped and properly-staffed Tektronix In-  
A-2086 strument Repair Station near you . Ask your Field Engineer about Tektronix Instrument-Repair facilities . 
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ADVANTAGES OF INSTRUMENT 
CYCLING AND A DESIGN 

FOR A CYCLING UNIT 

Figure I-Instrument Cycling Unit. 

T h e  cycling of an instrument after I-c- 
pair invites incipient failure from any 
cause before placing the instrument in 
service. Periodic switching of the instru- 
ment on antl off over a span of from 
16 to 24 hours can precipitate tube fail- 
ure (open< or  shorts),  electrolytic I~reak-  
tlo~vn, transformer breakdo\vn or  failure 
of components in marginal condition. 
Cycling will also accomplisl~ the gradual 
aging of any Re\\- tubes installed in the 
repair process. 

Changes in original characteristics of 
tuhes and other newly installed compon- 
ents will most likely occur during the 
cycling period. For  this reason, cycled 
instruments require a recheck of cali l~ra- 
tion before returning to service. 

Typical checli points are:  
Vertical balance antl gain 
Plug-in gain and D.C. balance 
Sweep timing (sweep cal. a t  1 msec/ 

~111) 
Complete checli and final adjustment 

of  tr igger operation, 
I x s  Hut-lock of the Tektronis Fieltl 

Training staff has designed a unit to 
control the  cycling of repaired instru- 
ments. I t  provides simplicity of operation 
with reliability and a t  the same time in- 
corporates sufficient versatility to cover 
most anticipated cycling conditions. 

T h e  unit cycles a maximum of four i11- 
struments a t  a time-two on a t  a time 
and two  off a t  a time. This arrangement 
limits the current drawn through the wall 
outlet and associated breakers. 

T h e  unit offers a normal duty cycle of 
15 minutes on and 15 minutes off. Hen:- 

ever, by turning the R E V E R S E - R A C K S  
switch, you can leave a particular instru- 
ment on or  off for a longer period of 
time. Under these conditions, a MAN- 
U A L - W A R N I N G  neon indicates that the 
instrument will not cycle unless done so  
manually. Apart  from providing man- 
nal operation, the R E V E R S E - R A C K S  
switch facilitates initial setting up when 
adding an instrument to or  removing an 
instrument from the racks. 

By applying the output of a variable 
autotransformer to the A U T O T R A N S -  
F O R M E R - I N  connector and switching 
the L I N E - A U T O T R A N S F O R M E R  
control to A U T O T R A N S F O R M E R  you 
can cycle an  instrument a t  a voltage 
other than that supplied by the line. 
Note: Some means of monitoring the 
auto-transformer voltage should be em- 
ployed. 

Figure 2 shows the circuit design used 
in this cycling unit. Notice the 15 amp 
fuse in the common supply to the upper 
and lolver racks. This fuse prevents ex- 
cessive current drain in the event of short  
circuits in the unit or  the instrument? 
under-going cycling. 

Figure 3 she\\-s a chart of the parts re- 
quired to build the cycling unit. 

SERIAL NUMBERS OF INSTRUMENTS 
MODIFIED TO PROTECT 

THE DISTRIBUTED AMPLIFIER 

T h e  February 1961 issue of S E R V I C E  
S C O P E  carried an article \yarning of 
possible damage to the distributed ampli- 
fiers of Type  540A and 550 Series Oscil- 
loscopes. A t  that time n-e promised to 
announce the serial numbers a t  which a 
corrective modification became effective. 

Here  is that information. For  the: 
Type 541A s/n 21701 Rhl41A s/n 1271 
Type 543A s/n 3151 RX43A s/n 101 
Type  515A s /n  29162 RhI15A s/n 2191 
Type 551 s /n  3180 
Type 555 s/n 1683 

A L L  respective instruments above these 
serial numbers have the modification. 
Also; many, many instruments \vith serial 
numbers below those listed \\-ere modified 
out of sequence. Visually check the dis- 
tributed amplifier of your instrument to 
determine its status. If ,  after this exam- 
ination, you are still confused as to your 
instruments status, contact your Tek- 
tronis Fieltl Engineer. H e  has a complete 
list of modified instrument serial numbers. 

MISSING OSCILLOSCOPES 

Through our Chicago Field Office \ve 
have learned of the loss of a Type 310 
Oscilloscope, serial number 2241 by the 
G. E. X-Ray, 1061 Jackson Boulevard, 
Chicago, Illinois. This instrument tiisap- 
peared from a car parked in front of the 
G. E.  X-Ray office on June 19th, 1961. 
Please contact these people a t  the above 
address if you have any information on 
this oscilloscope. 

F rom our Long Island Field Office 
comes word of the disappearance of 
three Type  310 Oscilloscopes from the 
Royal-NcBee Corporation a t  2 Pa rk  
Avenue, New York City, New York. Ser- 
ial numbers of these missing instruments 
are  11496, 4510 and 4511. If you see any 
of these instruments or  have any infor- 
mation regarding them, please contact the 
Royal-1fcUee Corporation or  your near- 
est Tcktronis  Fieltl Office. 

Seems that the Type 310's handy size 
and convenient portability make it a high- 
ly desirable item for those who purchase 
on a "midnight requisition". 

A Type  545A Oscilloscope, serial n u n -  
her 22088, and a Type  L Plug-In Pre-  



amplifier Unit, serial number 6696, are 
miss ing from the Osborne Electronic 
Corporation, 712 S.E. Hawthorne Boule- 
va rd  in Portland, Oregon. These instru- 
m e n t s  were apparently taken from the 
premises of the Osborne Electronic Cor- 
poration by unauthorized persons on the 
night  of March 31, 1961. Please call the 
Osborne  people if you have any informa- 
tion on  these instruments. Their tele- 
phone  number is B E  2-0161. 

TYPE 53154C AND TYPE C-A 
PARASITIC OSCILLATIONS 

O n  some Type  53/54C and Type C-A 
Plug-In  Units a parasitic oscillation oc- 
cu r s  when the attenuator switch is in the 
.I VOLTS/Chf  position and the input 
is grounded or  connected to a low im- 
pedance source t l~rough a patch cord. 

W h e r e  these oscillations are  only an 
occasional problem the solution may be 
to  use  short  ground straps o r  alligator 
clips to ground the input instead of patch 
cords,  and use coaxial cables or  shielded 
leads to couple the input to a low im- 
pedance source. If this is an impractical 
solution or  the oscillations are a con- 
t inuing problenl, modification of the 
plug-in unit is recon~niendetl. 

T y p e  C-A units with serial numbers 
above 25730 will have this modification 
incorporated a t  the factory. For  all other 
T y p e  C-A or  Type  53/54C units here's 
how you install the modification: 

, - . > ~  - . . 
:. . ;. 2 

., - .. -, .>... ,>,,. 

.> + .: - 
.,> -- .: - 
: """, - :,..:.c, 

=c 8">. :a .,."?:>#,.. 

Shown in Figure 1 are the two portions 
of the  channel A schematic affected by 
this tnodification. T h e  txvo corresponding 
portions of the Channel I3 schematic are 
identical except for identifying com- 
ponent numbers. LVhereas; identifying 
numbers for components in Channel A arc 
in the 3300 range those of Channel I3 
are in the 4300 range. Bear this in mind 
as you follow the ensuing instructions. 

Channel A- 
( ) 1. Locate C3322 (C3023*), a variable 
tubular-capacitor mounted on the chassis 
under the Channel A VOLTS/CbL 
slvitch. F rom this capacitor, unsoldcr 
the 1 meg, % w, lo%,  composition rc- 
sistor paralleled by a 0.01 discap. 
( ) 2. Solder one lead of a 47 n, xv, 
lo%, composition resistor to the lead of 
the resistor-capacitor combination un-  
soldered in step 1. Solder the other lead 
to the variable tubular-capacitor C3322 
(C3O23*). 

( ) 3. O n  the dielectric mounting board 
situated beside the Channel A V O L T S /  
CM switch locate the variable tubular- 
capacitor C3311C (C4823*). F rom this 
capacitor a bare wire runs to a contact 
on the second-from-the-front ceramic 
\vafer of the Channel A VOLTS/ChI  
switch. Replace this bare wire with a 47 
R, % w, 1076, composition resistor. 

Channel B- 
( ) 4. Locate C4322 (C4823C"). a variable 
tubular-ca~acitor mounted on the chassis 
under t11; Channel 13 VOLTS/ChI  
switch. U11solder from this capacitor the 
1 meg, j /2  w, 1076, con~position resistor 
paralleled by a 0.01 discap. 

( ) 5. Solder one lead of a 47 a, iv, 
lo%, composition resistor to the lead of  
the resistor-capacitor coml~ination unsold- 
ered in step 4. Solder the other lead to 
the variahle tubular-capacitor C4322 
(C4O23*). 

( ) 6. O n  the dielectric mounting 1)oartl 
situated l~esitle the Channel I3 V O L T S /  
C M  switch, locate the variable tubular- 
capacitor C4311C (C4923C;':)! From this 
capacitor, a bare wire runs to a contact 
on the second-from-the-front ceramic 
wafer of the Channel B V O L T S / C h l  
slvitch. Replace this bare wire ~ i t h  a 
47 0, % w, lo%, composition resistor. 
This  step completes the modification. 

*53/54C Unit symbol numbers 

TWO NEW SILICON- RECTIFIER 
MODIFICATION KITS AVAILABLE 

Because they offer better reliability and 
longer life, the relatively new silicon recti- 
fiers are generally prefer]-ed over seletiiun~ 
rectifiers. 

You can enjoy the advantages of these 
new rectifiers in your Type  517 or  Type 
517A Oscilloscopes by installing a Type 
517 Silicon Rectifier Mod Kit, T e k  nuni- 
ber 040-210. Each lcit contains a pre\viretl 
chassis with silicons mounted, schematic, 
parts list and step-by-step instructions. 
Type 517 or  Type 517A instruments xvith 
serial numbers 101 through 1900 will 
accept this modification-instruments \\-it11 
serial numbers above 1900 come equipped 
with silicon rectifiers. Price of the hlotl 
Kit  is $50.00. 

Users of Type 524D or Type  524AD 
Oscilloscopes can also enjoy the benefits 
of silicon rectifiers by the installation of a 
Type  524 Silicon Rectifier Mod Kit, Tek  
number 040-236. Price $32.00. All but the 
following Type 524D and Type 524AD 
instruments will accept this modification: 

1. Those with serial numbers 911, 989, 
991, 994, 996-998, 1000, 1002, 1006- 
1008, 1039-1044, 1046-1019, 1051-1053, 
1055, 1057, 1058. 

2. Those instruments that have had 
Mod Kit 040-055 or  040-056 installed 
(selenium stack relocated in line with 
the fan). 

Fo r  instruments in the above categories, 
x- for instruments with serial numbers 
lbove 1069 which do not have silicon ) 
rectifiers, we suggest Type 524 Silicon 
Rectifier Mod Kit, Tek  number 040-177. 
Price $22.00. 

Both the 040-177 and the 040-236 n ~ o d  
kits contain a completely wired chassis 
with silicons mounted, schematic, parts 
list and step-by-step installation instru- 
tions. 

Order these kits from your Telctronis 
Field Engineer or  Field Office. Be sure 
to include the serial number of the instru- 
ment you intend to modify. 

CRYSTAL-OVEN MOD KIT FOR 
TYPE 180 TIME MARK GENERATOR 

T h e  installation of a Type  180 Crystal- 
Oven Mod Kit in a Type  180 Time Mark 
Generator will improve the frequency sta- 
bility of this instrument. T h e  modification 
replaces the original one megacycle crys- 
tal-controlled oscillator with a one mega- 
cycle crystal-controlled oscillator mounted 
in a teniperature-stabilizetl oven. A trirn- 
mer capacitor provides a means of adjust- 
ing the crystal frequency to zero beat 
with W.W.V.  T h e  modification gives to 
the Type  180 a stability comparable to 
that of its successor instrument, the Type 
180A. 

I n  addition to the crvstal oven \\-it11 
crystal, the kit contains: other necessary 
components, schematics, parts list, and 
step-by-step installation instructions that 
include photographs. 

Order  from your Tektronix Field En- 
gineer or  Field Office. Ask for Type  180 
Crystal Oven Mod Kit, T e k  number 040- 
252. Price is $35.00. 

SERVICING HINT 

Should you find it necessary to replace 
a precision resistor in the s ~ v e e p  timing 
circuits of Tektronix oscilloscopes, from 
stock you have on hand or  purchased 
locally, we suggest you contact your local 
Field Engineer. One  brand w e  have 
supplied in the past year has not proved 
to be as stable as most. 

USED INSTRUMENTS WANTED 

1 Type  502 Ralph Wiese 
674 Sweetbriar 
Milford, Michigan 

1 Type 515 Larry  Rhoades 
Systems Research Labs.  
500 Woods Drive 
Dayton 32, Ohio 

Copyright 1961 Tektronix, Inc. 



1 each T y p e  A, Jim Wright  
B, C, G, H ,  K, 2319 E. Indianola 
& L Plug-In  Phoenix 16, Arizona 
Units 

1 Type 511, John Padalino 
Type 513 o r  35 Gail Road 
Type 514 Morris Plains, N. J .  

Phone: J E  9-3918 

USED INSTRUMENTS FOR SALE 
1 Type R Plug- Bill Crouch 

In Unit ,  s/n Plug-In Instruments, 
342. Price Inc. 1416 Lebanon Road 
$225.00 Nashville, Tenn. 

I Type 524, s/n Jack Bennet, Engineel 
1161 C.B.S. Electronics 

100 Endicott Street 
Danvers, Rfass. 

1 Type 127 William H .  Read 
Continental Leasing Co. 
5215 Hollywood Blvd. 
Los Angeles 27, Calif. 
Plione: H O  9-5371 

1 Type 524AD, Monty 
s/n 1813 Studio City Television 

1 Scopemobile 12504 bloorpark Street 
Price for both Studio City, California 
$850.00 Phone:  P O  6-4555 

T R  7-1441 

QUESTIONS FROM THE FIELD 

1. Q :  W e  are having difficulty wit11 
noise coming tl irougl~ our 115-v ac 
l ine; tliis noise is being generated 
b y  rf oscillations in a nearby depal-t- 
ment .  D o  you have any information 
regarding toroitl filters that ma?; 
help correct the situation? 

A :  Toroid cores with an  O D  of I", 
I D  of S'' and a thickness of g" 
placed on tlie instruments powel- 
cord should help in filtering out 
t he  unwanted signal. I t  will prob- 
ably be best to make up a special 
power cord. Remove tlie plug or 
"cap" from the po\ver cord and 
thread the cord through the core 
repeatedly until the core center is 
tightly loaded. Use two or  more 
cores if necessary. If you are  un- 
able  to obtain the cores locally, you 
can  order them through your Tek- 
tronix Field Engineer. Ask him for 
T e k  part number 276-519. Price is 
60 cents each. 

2. Q :  I t  looks as if the Type  81 Plug- 
I n  Adapter's plate dropping resistor 
R532 (4.7 k ,  % w, 10%, composition) 
f o r  tlie output cathode follower 
might  be a bit low on the wattage 
rating. A check of several adapters 
reveals tliis resistor to be blackened 
around its center. Could we replace 
th i s  resistor with a 2 wat t  resistor 
of  otherwise equal value and rating? 

A :  Your tip is correct. Our  check 
reveals that R532 is dissipating ap- 

proximately 1 3 watts of power; 
that's a little too n~ucli .  A modifi- 
cation has been submitted to clear 
up this problem on production in- 
struments. O n  instruments in thc 
field, tliis resistor s l~ould  be replaced 
wit11 a 2 watt  resistor if it sl ioxs 
indication of overheating or  burn- 
ing. 

3. Q :  W h a t  is an easy way to check 
6DK6's for cathode interface. 

A :  Feed a signal from a Tektronix 
Type  105 or  Typc  107 Square Wave 
Generator into tlic oscilloscope. Con- 
trive to shift (via a Variac, Power- 
stat  or  some similar instrument) the 
line voltage supplying power to tlie 
oscilloscope. If the overshoot in the 
I-esponse changes n-it11 line voltage 
you have it1 (cathode interface). 
Interface ~v i l l  increase as you de- 
crease line voltage. 
Editor's note:  W e  refer you to the 
August 1960 issue of S E R V I C E  
S C O P E .  An article in that issue 
dealt a t  some length on the problem 
of cathode interface. T h e  title of the 
article-"Does tlic Square Wave  
Response of Your Scope Look Like 
~ l i i s " .  

1. 0: Let  us assume that bv miscalcu- - 
lation a very high potential is ap- 
plied to the signal input of the Typc 
507 Oscilloscope. Does the Type 
507 have any protection for the 
operating personnel under thesc cir- 
cumstances? 

A :  W e  trust  a good (leal to the oper- 
ator's judgment in using any oscil- 
scope. However, included as an 
accessory with every Type 507 is a 
licavy copper buss. Mounted in tliis 
buss are  three coasial connectors 
and a ground post. In  operation of 
tlic instrument, the connectors on 
tlie buss arc attached to the con- 
nectors on the rear of the Type 
507. T h e  grounded side of the coas- 
ial fittings provide connection be- 
tween the oscilloscope, ground, and 
the ground post a t  the test setup. 
I t  is essential, and sliould he man- 
datory, tliat tlie ol~servatio~l-sl~acli  
ground be tied to the oscilloscope 
also. This  should be done by means 
of the ground post on the buss 
mentioned above. 

5 .  Q :  Is  there a way of syncl~ronizing 
the oscillators of a number of Q 
Uni ts?  

A :  Yes. Connect pin 5 of T5779 in 
the first Q Unit  to pin 1 of V5770 
in the second Q Unit  tlirougli a 
50 pf capacitor. Connect the sec- 
ond Q Unit  to the third Q Unit  in 
this same manner,  etc. This injects 
enough signal from tlie first unit 
into the second, from the second 
into the third, etc., to bring the 
oscillators of tlie several units into 
synclironization. However, for this 
method to work the oscillators of 
the several Q Units i i i~ist  all he ad- 
justed to operate a t  or  very near 
tlie same frequency. Adjusttnent of 
oscillates frequency is explained on 
page 6-2 of the Q Unit  Instruction 
Manual. 

T h e  need for oscillator synchro- 
nism arises when long input leads 
to thc Q Units are laid closely to- 
gether or  wlien the leads are not 
adequately shieltletl. Under these 
conditions, capacitive coupling of 
signals will occur and cause erron- 
eous readings a t  the output of tlie 
Q Units. 

DOUBLE PULSER OUTPUT FEATURE 

T h e  Tektronis  Type 535, 545, 535A, 
545A, 555 and 585 Oscilloscopes contain 
a tloul)le pulse generator. When these 
instruments are set u p  to provide the  
"superposition of waveforni" feature, tlic 
+ G A T E  A ( + G A T E  M A I N  SWEEP)A. 
provides a double pulse output \\-it11 the 
following variables: 

a )  T h e  width of the pulse is variable 
via the Time Rase A TIXfE/CM (Main 
S\vcep T I h l E / C I I ) "  switch and is vari- 
able with tlie concentric varia1)le control. 

I)) T h e  time of occurrence I-elative to 
the pulse is variable by way of the D E -  
L A Y - T I h I E  M U L T I P L I E R  control. 

c )  T h e  point of tlie double pulsing 
action can I)e varied by way of the Time 
I3ase R T I I I E / C h I  or  D E L A Y  T I h I E  
(Delaying S\veep TI?\ IE/Chl  or  D E L A Y  
' I )  switch and the concentric 
12ENGrTH control. 

Here's ho\v you set u p  tlie oscilloscope 
to provide tlie "superposition of wave- 
form" feature: 

1. Connect the V E R T .  SIG.  O U T  con- 
nector to tlic Time Rase R T R I G G E R  
I N P U T  (Delaying Sweep T R I G G E R  
O R  E X T .  S W E E P  I N ) *  connectos. 
Conncct a capacitor of about 100 ppf ca- 
pacitance l)et\\-een the + G A T E  R (+ 
G A T E  D E L ' G  S W E E P )  * connector 
and tlie D E L ' D  T R I G .  ( D E L ' D  T R I G .  
F R O M  M A I N  O R  D E L ' G  S W E E P ) "  
connector. 

2. Set  tlie H O R I Z O N T A L  D I S P L A Y  
sn.itc11 to 'B' I N T E N S I F I E D  B Y  'A' 
( D E L A Y I N G  S W E E P ) " .  Connect tlie 
source of the wave train to the I N P U T  
or  C H A N N E L  connector of tlie plug-in 
preamplifier. Adjust the controls to 011- 
tain a delayed sweep. Turn  the D E L A Y -  
T I M E  M U L T I P L I E R  control to a set- 
ting in tlie upper part of its range. Ad- 
just tlie Time Rase B T I l I E / C h I  O R  
D E L A Y  T I M E  (Delaying S~veep  
T I l I E / C h f  O R  D E L A Y  T I M E ) *  con- 
trol so  tliat the desired number of \vave- 
forms is displayed. 

3. You should now observe two briglit- 
ened portions of the display-one a t  the 
s tar t  of the display a t  the left-11aiid end of 
tlie graticule, and tlie other a t  a later 
point along the graticule. Set the Time 
Base A T I l I E / C l I  ( I Ia in  Sweep T I M E /  
ChI and A l U L T I P L I E R ) *  control so  



tha t  the left-hand brightened portion in- 
c ludes  the first waveform in the train. 
W i t h  the D E L A Y - T I M E  M U L T I -  
P L I E R ,  move tlie second brightened 
area  so that it includes the \\-aveform 
you want to compare with the first 
\vaveform it1 the train. 

4. Set  the H O R I Z O N T A L  D I S P L A Y  
s ~ y i t c h  to 'A' D E L ' D  BY 'R'  ( M A I N  
S W E E P  DELAYED)" .  The  display 
should  now present both the first wave- 
form in the train and the other \\-aveform 
tliat \vas brightened in the preceding 
step.  You can no\\- use the D E L A Y -  
T I M E  M U L T I P L I E R  to superim- 
pose these t\vo \\-aveforms for precise 
comparison. The  resulting reading of the 
D E L A Y - T I l I E  l IUI .TIPLIER,  multi- 
plied by the TI1IE/C1f  O R  D E L A Y  
T I M E  setting indicates the delay time 
I,et\veen tlie \vaveforms being compared. 
You can also no\\- observe any jitter in 
the  second \vaveform \\.it11 respect to the 
first. 
* Captions in parenthesis refer to the 
T y p e  535 antl Type 545 instruments. 

FUNDAMENTALS OF SELECTING 
AND USING OSCILLOSCOPES 

T w o  authoritative articles covering the 
fundamentals of selecting antl using oscil- 
loscopes are no\\- available in a single 
l~ookle t .  These articles originally ap- 
peared in E L E C T R I C A L  D E S I G N  
N E W S ;  the first one, "Factors Affect- 
ing the  Validity of Oscilloscope IIeasui-c- 
ments", in the November 1960 issue and 
the second, "Appraising Oscilloscope 
Specifications antl Performance", in the 
February  1961 issue. 

Author of tlie articles is John Mulvey. 
John has heen n.itli Tektronis since 1952. 
H e  has  \\-orketl in Test  and Calibration. 
in Engineering and in Marketing. In  ad- 
tlition, he has liad nearly six years esper- 
ience in tlie Philadelphia and 1-0s Angeles 

areas as a Field Engineer. A t  present 
lie is manager of the Field Information 
Group supporting Field Office activities. 
His wide experience enables John to 
\\-rite clearly and interestingly about his 
subjects. W e  believe you will find the 
I~ooklet  informative and helpful. 

A copy of this booklet may Ile obtained 
through yonr Tektronis Fieltl Engineer 
or the nearest Tektronis Fieltl Office. A 
current list of Tektronis Field Offices 
appeared on page four of the J U N E  1961 
issue of S E R V I C E  S C O P E .  

DC RELAY FIELD MODIFICATION KIT 
FOR "A" SERIES 5301540 

OSCILLOSCOPES 

Magnetic flux leaking from the ac rc- 
lays will cause ripple on the CI-t trace of  
some j30/540 "A" Series instlwnents.  
Rack mounted instruments seem to be 
most susceptible to this difficulty because 
tlie crt  shield is oriented differently with 
respect to relay location. 

A \Yay to tell lie\\- much, i f  any, ripple 
is caused by the relay is: 

1. Short  the vertical-deflection plates 
together and rapidly rotate the hori- 
zontal position control back antl 
forth while looking for vertical rip- 
@e. 

2. Short  tlie horizontal-tleflection plates 
together antl rapidly rotate the vcr- 
tical-position control back antl forth 
\\-hilc looking for liorizontal ripple. 

.A Field 3Iodification Kit  tliat replaces 
the ac relay \\-it11 a tlc relay in the 530/ 
540 "A" Series Oscilloscopes is no\\- 
a\-ailable. 'I'his modification \\-ill elimin- 
ate the ripple stemming from the ac relay 
in these instruments. I t  \\-ill also improve 
the relay and po\vcr snpply rclial~ility 11y 
eliminating the relay chatter. 

The  kit contains a complete set of com- 
ponents including; a new time-delay re- 
lay antl p~\\-er-supply relay, parts list, 

schematic and step-by-step instructions. 
Ask for DC Rclay Field Modification Kit ,  
'l'elc. No. 040-258. Price is $8.00. 

\Ve earnestly recom~nend you consult 
your Tektl-onis Field Engineer before 
ordering this modification kit. I t  is al- 
I\-ays to your advantage to avail yourself 
of his help \\-lien ordering Telctronis in- 
struments, replacement parts or modifica- 
tion kits. I t  may he particularly so in 
this instance. 

THE CORRECT TOOL 

T h e  correct tool makes a difficult job 
easier. I t  may also point to a successful 
solution for a seemingly impossible task. 
Conversely, the selection of an incorrect 
tool \\-ill result in costly delays and bit- 
ter disappointment. 

T h e  purchase of an accurate, reliable, 
high-quality oscilloscope involves a sub- 
stantial sum of money. In  these days of  
tight schedules antl even tighter I~udgcts,  
it is of prime importance that the instru- 
ment selected do the job as efficientljl, 
as easily and as quickly as possible. I t  
is to this end that a great measure of tlie . . L elitronis Fieltl Engineer's training is 
tlirectetl. 

There  are many types of oscilloscopes, 
each designed for a specific application 
a ~ - e a .  . . from tlie broad general-purpose 
oscilloscope to the highly specialized in- 
strument. Your Tektronis Field Engineer 
can help you make tlie best possible in- 
vestment 11y recommending the oscillo- 
scope l ~ e s t  suited to your present and 
future needs. H e  \\-ill be happy to back 
up his reco~nmen~lat ion \\-it11 an actual 
tlcmonstration of tlie instrument in your 
application. Rut he will not hesitate to 
recommend some other method of at-  
tacking the problem i f  it appears to meet 
your requirements more efficiently. T r y  
him. A no-pressure consultation with him 
can help you select the correct tool for 
your \\-orlc. 

Tektronix Instrument-Repair Facilities: There  is a fully-equipped and properly-staffed Tektronix In -  
A-2093 strunlent Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 8/6 1 



USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 

N U M B E R  1 0  PRINTED I N  U.S.A OCTOBER 1961 

PROTECTION OF TYPE 
321 VERTICAL AMPLIFIER 

AGAINST TRANSIENTS 

Under  certain contlitions, tlic transistor 
(2443" in the vertical amplifier of tlic 
Type 321 Oscilloscope will fail. With  the 
V O L T / D I V  switch in tlic most sen- 
sitive (0.01 v/tliv) position, an inadvertent 
connecting oi tlie signal input to a high- 
voltage overload will cause damage to 
this transistor. O r ,  with tlie I N P U T  
switch in tlie AC position, C401-the AC- 
input coupling capacitor-can charge to 
a high negative voltage (150-500 v).  If, 
immetliately after reaching tliis charge, 
the capacitor sliould sutltlenly 11e dis- 
charged by  the groundiiig o i  the scope 
input, tlie transistor will suffer tiamage. 
111 either instance, the resulting positive 
surge will cause an  excessive 13-to-C 
voltage that will exceed tlic collector 
I)reakdo\vn voltage of 52443. 

A germanium tliotle connected I~et \vce~i  
tlic cathode of V423 (5718 input C F )  
antl tlie 6.3-v tlc filament supply \\.ill pro- 
tect Q443 against tlic positive-going 
surges generated under tlicse conditions. 
T h e  ~nodification \\;ill in no \my  impair 
tlie instrument's performance. W e  recom- 
incntl tlie use of the lo\\.-capacitance 
'Type T12G (or  equivalent) diode. 

T o  add this protective circuit to tlic 
Type  321, connect tlie I-ccommentlctl 
diode from the cathode, pin 5, V423, to 
tlie +6 .3v  (decouplctl) source, \vl~icli 
supplies iilament po\vc~- to pin 6, V423. 
'The cathode (color-cotletl) end of tlie 
tliotle slioultl be connected to the fila- 
ment line so  that in normal operatioil tlie 
tliotle is back-biased by about 5 volts. 
See figure 1 l)elo\v. 

Figure 1 

T h e  schematic diagram for tlie In5tru 
ment should be motlificd as slio\\-11 i~ 
figure 2 and tlic ne\v diode assigned tlic 
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syml~ol  13482 and added to the instrw 
mcnt-manual's parts list. 

Tliis modification applies to all Type 
321 Oscilloscopes \\-it11 serial nuin1)crs 
1)elow 479. A factory installed rnotlifica- 
tion protects Type 321's with higher ser- 
ial nu~nl)ers. 
': This transistor is identified as (2433 011 

some early schematic diagrams. 

FLORIDA OFFICE CONSOLIDATION 
BENEFITS CUSTOMERS 

O n  September 1, 1961, oul- St.  Peters- 
burg, Florida Fieltl Officc consolitlatetl 
\vitli our Orlando, Florida Field Office. 
r .  I his consolitlation \\-ill provide larger, 
morc co~nplc te  facilities and improvctl 
service benefits to Telitronis customers 
in tlie affected areas. 

Among the factors rccoinmentling this 
action several are of particular in1po1-- 
l-ance to custon~ei-s in tlicse areas:  

( 1 )  Recent cxl)aiision of facilities at 
the Orlando Field Officc provitlc all en- 
larged antl morc complete emergency re- 
pair-parts stock. 

(2)  Direct access to an en1a1-get1 I-e- 
pair-parts stock l ~ y  your 'Tektronix Fieltl 
Engineer. Also, 11lorc readily at  his dis- 
posal are the field mainteiiancc skills of 
the enlarged and well-equipped Field Re- 
pair Center. 

(3) Installation of special equipment 
to wash instruments \\-hen tlie need for 
tliis treatment is indicated. This equil)- 
inent includes an  oven to dry or  bake 
out residual rnois t r~re~ in \vasIietl instru- 
ments. 

(4) Improvements in the Florida high- 
\vay system no\\- permit effective service 
of the eastern and sout l~ern  parts of thc 
state from this combined Field Engineer- 
ing Office and Repair Center. 

(5) GI-eater utilization of Fieltl Office 
)erso~incl and facilities arc made possil)lc 
~nt lcr  tliis consolidation. Customers in 
lie affected areas-and tliis includes tlic 
;t. Petcrsl)urg-l'aiiipa area-\\.ill receive 
~nprovetl  Field Engineering coverage 
~ n t l  service benefits. 

Customers in tlic St.  Petersburg- 
I'ampa area may call the Orlando Office 
011 free I)y using the telephone numl~cr  
~VX2199. 

For  all others, tlic tcleplionc n~iii1l)er 
'or the 01-lantlo Office is GArtlcn 5-3483. 

Regular visits by our Fieltl Engineers 
vill continue to provide our Puerto Rico 
:ustomers with the same servicc e~ijoyctl 
~y our customers in Florida. 

From Pucrto Rico call-01-lantlo, 
Floritla, (;Arden 5-3483 or  \\.rite to :  

Tclitronix, Inc. 
205 East Colonial Drive 
01-lando, Floritla. 

TEKTRONIX POLARIZED VIEWER FOR 
TEKTRONIX 5" OSCILLOSCOPES 

r .  I o people ~ v h o  must view oscilloscope 
traces under high ain1)ient light contli- 
tions, the pro1)lem of liglit reflections is 
an irritating one. 

Interpreting an oscilloscope display 
under tliese conditions is al\vays difficult 
antl sometimes \veil nigh impossible. 
I3vcn \\.it11 the intensity turned up to 
maximum I~riglitness tliis is true. And 
liere one encounters another hazard. 

'There is always tlic possibility of per- 
illanent damage to the crt  phosphor \vhcri 
the I N T E N S I T Y  contr-01 is set to givc 
m a s i ~ n u m  trace briglltncss. This is parti- 
cularly true when tlie instrument is 
operated a t  tlie slower sweep speeds. 

T h e  tiew 'Tel~tronix Polal-izetl Viewer 
\vas designed to overcome tliese proll- 
lems stemming irom high anil)icilt light 
contlitiotls. Installed on your oscillo- 
scope, it will reduce light reflection p r o b  
lenis to a 1iegligil)le factor antl eliminate 
the need for dangerous intensity settings 
at  slow sweep spcctls. 

T h e  pictures sho\vn I)elo\\- wei-e talcen 
in a \\-ell lighted office \vitli large \\.in- 
tlows and a sout1ie1-n exposure. 'I'iie day 
was very bright antl siiiiny. These factors 
co~nbined to givc a11 extremely liigli am- 
I)ient liglit condition. 

Hot11 pictures \\'ere taken \vitliout alter- 
ing the position of tlic oscilloscope os 
camera. This fact is attested to hy c o n -  
paring the pattern of front paiicl light 



reflections. Close scrutiny will also dis- 
close that the position of the front panel 
controls are the same in both pictures. 

Figure  1 shows the oscilloscope with- 
o u t  the  Polarized Viewer. The Amplitude 
Calibrator waveform being displayed on 
t h e  crt  was barely discernable to the 
naked  eye and does not show in the 
photograph a t  all. Figure 2 with the 
Polarized Viewer in place eliminates re- 
flection from the crt and the Amplitude 
Calibrator waveform is readily visible. 

Figure I 

Figure 2 

T h e  Viewer slips on or off the oscillo 
scope in a matter of seconds. There arc 
no nuts or bolts to  loosen or tighten. 

Ask  your Tektronix Field Engineer fol 
a demonstration of the Polarized Viewer 
Tek  part number is 016-035. Price i! 
$10.00. 

NEW FIELD MODIFICATION KITS 

S I L I C O N - R E C T I F I E R  MODIFICA 
T I O N  K I T  

F o r  Type 532, s/n 101 to 6921, an( 
Type  RM32 Oscilloscopes, s/n 101 t~ 
449. 

This modification replaces the selenium 
rectifiers with silicon rectifiers which of- 
fer more reliability and longer life. 

T h e  kit includes a prewired chassis 
with silicon diodes mounted, step-by-step 
installation instructions, photo, parts list 
and schematic. 

Approximate installation time by a 
trained technician is 30 minutes. 

Order through your Tektronix Field 
Engineer. Specify Type 532 Silicon 
Rectifier Mod Kit, Tek. No. 040-218. 
T h e  price is $12.00. 

P R E S E T - S T A B I L I T Y  MODIFICA-  
T I O N  K I T  

For Type 532 Oscilloscopes, s/n 5420 
to 5665. 

This modification installs a new poten- 
tiometer and preset switch to enable the 
operator to quickly switch to a preset- 
stability setting. 

T h e  kit includes a Stability-Potentio- 
meter-and-Preset-Switch assembly, step- 
by-step installation instructions, parts list 
and schematic. 

Approximate installation time by a 
trained technician is one honr. 

Order through your Tektronix Field 
Engineer. Specify Type 532 Preset- 
Stability Mod Kit, Tek. No. 040-244. 
Price is $6.50. 

T Y P E  "N" P R O B E - P O W E R  F I E L D  
M O D I F I C A T I O N  K I T  

For  Type N Plug-In Units, s/n 101 to 
220. 

This modification kit installs a probe- 
power sowet  on the front panel ot the 
Type N Plug-In unit. I t  permits the use 
of the P6025 Cathode-Follower Probe* 
-a high impedance probe designed for 
use with the Tektronix Type N Plug-In 
Unit. 

T h e  kit includes a probe-power socket, 
necessary hardware, tags, photos and 
step-by-step installation instructions. 

Approximate installation time by a 
trained technician is one hour. 

Order through your Tektronix Field 
Engineer. Specify Type "N" Probe- 
Power Field Mod Kit. Price is $8.65. 

* The  P6025 Cathode-Follower Probe 
will be in full production by December 
1961. 

E X T E R N A L - T I M E - S W E E P  MOD-  
I F I C A T I O N  K I T  

For  Type N Plug-In Units, s/n 101 to 
221) 

This modification installs an External- 
Time-Sweep socket on the front panel of 
the Type N Plug-In Unit to  permit the 
use of two N Units in the Type 551 or 
Type 555 Oscilloscopes. 

T h e  kit includes all the necessary hard- 
ware, tag, photo and step-by-step instal- 
lation instructions. 

Approximate installation time by a 
trained technician is 30 minutes. 

Order through your Tektronix Field 
Engineer. Specify Type "N" External- 
Time-Sweep Mod Kit, Tek. No. 040-246 
Price is $3.10. 

SERVICING HINTS 

'YPE 107 W A V E F O R M  DISTOR- 
r I O N  

Some Type 107 Square-Wave gen- i 
rators prior to s/n 1450 may produce 
listorted waveforms. W e  find that hi- 
rain 12BY7's in V45 and V55 positions 
)f the affected instruments produce oscil- 
ations which result in poor risetime and 
ause a step in the negative portion of 
he square wave (see Figure 1;  a, b c.) 

a. Pin 7 V45 

c .  Output @ 10 nsec/cm 

Figure 1 

a. Pin 7 V 4 5  

Figure 2 

When viewed on a Type 585 scope, the 
risetime of the  affected Type 107's 
ranged from 4.0 to 8.0 nanoseconds, de- 
pending upon the particular tubes used. 
In  less extreme cases of oscillation, the 
risetime varied with frequency. 

T o  correct this condition in your in- 
strument, dress coupling capacitors C57 
and C67 down close to the filament buss 
line. Relocate C49 and C59 directly over. 
the tube sockets, and with leads as  short 
as possible. Connect these capacitors be- 
tween pins 1 and 8 of their respective 
sockets. C49 and C59 should be dressed 

Copyright 1961 Tektronix, Inc. 



Figure 3 

in an upright position (see Figure 3 for 
proper parts layout). 

Type 107's f rom s/n 1450 on are modi- 
fied a t  the  factory and should not have 
this problem. (Figure 2; a, b, e, shows 
waveforms of a properly working Type 
107). 

T E K T R O N I X  T Y P E  545 CALIRRA- 
T I O N  A N D  M A I N T E N A N C E  P R O -  
C E D U R E  E R R O R .  

The  figures given in the "Tektronix 
'I'ype 545 Oscilloscope Calibration and 
Maintenance Procedure" (Tek. No. 070- 
282) contain an error. T h e  figures given 
for the vertical amplifier stage gains 
(Step 7.7.3.1, page 3-30) are  not correct. 
Corrected pages 3-30 will be distributed 
to Tektronix  Field Offices as soon as 
possible. 

Meanwhile, existing copies should be 
corrected as follows: 

7.7.3.1 Insufficient Gain. Use a reg- 
ular voltage measurement plug-in in the 
instrument under test. Check stage gains 
to assure even phase-splitting ahead of 
the main vertical-amplifier input. Meas- 
ure amplitude a t  each grid comparing 
gain against the tables I)elo\v: 

Gain 
Min. Normal 

12BY7A or 6AW8 
( G A I N  ADJ.  clock- 
wise) 4-4.5 5.5-6 
6BQ7/6D J8 Cath- 
ode-Follower 
Stage* 0.7 0.7 
Distribt~tetl Ampli- 
fier (6CB6's or  
6DK6's) 20-22 22-24 

* Above serial numbers 9292, 0.7 gain is 
total for  both cathode-follower stages. 
If input antl output stages al-e at or  near 
minimum gain, tubes in one or  both 
stages m a y  require replacement. 

If overall amplifier gain is 70 or  more, 
the trouble is probably not in the ampli- 
fier, antl may be in ert  sensitivity. Re- 
check high voltage supplies (4.1) and 
Deflection factor (6.4). 

I f  vertical amplifier tubes are changed, 
be sure to repeat all parts of Step 7. If 
tube change does not provide correct 
gain, check plate-load resistors, screen 
pote~~t ia ls ,  tlecoupling networks, filament 
lines, etc. Also check calibrator accur- 
acy (Step 8.) 

USED INSTRUMENTS WANTED 

1 Type 515 or  R.H.  Dempey 
Type  515A or  Electronic Services 
Type 516 3648 Harkness Street 

Napa, California 
Phone: RAltlwin 
6-7773 

1 'I'ype 531 Customer prefers his 
1 Type 53/54C name be kept confi- 

dential. Please direct 
inquiries to the Tek- 
tronix Entlicott Field 
Office,  3214 Watson 
Rlvtl., Endwell, New 
Yorlc 

1 Type  513L), R.H.  Cook 
Type 514 or  1213 Webster 
Type 310 Royal Oak,  Michigan 

1 Type 541AD Johny Russell 
or  Type 511AD 2870 Ronald Street 

Riverside, California 
Phone: Over land 
6-6119 

USED INSTRUMENTS FOR SALE 

1 Type  511AD Dick Stivers 
s/n 1821 Valor Electronics 

13214 Crenshalv 
Gartlena, California 
Phone:  FAculty 
1-2280 

1 Type  531 11s. K.L. Cook 
s/n 2456 University of Utah 

1 Type  53C Geophysics Depart- 
s/n 3580 mcnt 

Salt Lake City, Utah 

1 Type  127 Dr .  Geoorge Czerlincki 
s/n 155 Johnson Foundation 

University of Pennsyl- 
vania 
Philadelphia 4, Penn. 
Phone:  Evergreen 
6-0100, Ext.  8796 

1 Type  555 S. Olive, Vice-President 
s/n 282 R. D. B r m  & Co. 

90 Airport Road 
2 'l'ype CA Plug Concord, New Hamp- 

-Ins,  s/n's shire 
15262 & 18353 

1 'l'ypc 512 Macan Engineering & 
s/n 2567 Mfg. Co. 

1564 N. Damen Avenue 
Chicago 22, Illinois 
Phone: B E  5-3386 

Type  511AD Wilbur Mcnritle 
s/n 5210 Standard Oil Research 

Laboratory 
4440 Warrensville Cen- 
ter Road 
Cleveland 28, Ohio 

I Type 511AD Steve Evans 
s/n 4461 Advanced Instrument 
Price $200.00 Corp. 

1475 Powell 
Emeryville, California 

MISSING OSCILLOSCOPES 

Bramco, Inc. of 4501 Belevidere, 
Detroit 14, Michigan, reports that the 
iollowing instruments are missing fro111 
their plant and are presumably stolen: 

1 Type  543 Oscilloscope, s/n 158 
1 Type  535A Oscilloscope, s/n 20235 
1 T v a e  53/54C Plug-In Unit, s/n 

1 697 1 
- 

1 T y e  53/54L Plug-In Unit ,  s/n 2745 
1 Type  53/54L Plug-In Unit, s/n 2745 
If you have any knowledge of the 

whereabouts of these instruments, Rram- 
co, Inc. would appreciate it very much 
if  you would contact them. 

CORRECTION 

"SOLVING POWER LINE PROBLEMS" 
(JUNE 1961 SERVICE SCOPE) 

T h e  method outlined in the June issue 
of Service Scope for determining po\ver- 
line distortion by comparison of filament- 
line rms and peak-to-peak voltages is 
not valid for Type  517(A) and Type 555 
Oscilloscopes, and-even with other 
model instruments-should only be taken 
a s  a rough iutlication of the line voltage 
distortion actually present. Gordon Sloat, 
Manager of the Tektronix Transformer 
and Coil Department, points out that the 
implication in the June article that this 
method provided more than an approxi- 
mation of line-voltage distortion is in- 
correct. 

T h e  Types  517(A) and 555 Oscillo- 
scopes employ a peak-limiting satural)le 
reactor to provide regulation of the indi- 
cator unit filament lines, and the distor- 
tion on the filament lines in these instru- 
ments \\rill not be representative of the 
line-voltage waveform. A typical VOLT 
may SIIOW only 5.8 volts for a true rms 
of 6.3 volts on one of these regulated fila- 
ment lines. 

In  other instruments, a certain amount 
of filament-line tlistortion may be intro- 
duced in the transformer because of the 
filament-winding positions and other 
transformer design parameters. Since 
these winding locations antl parameters 
may vary cousicterably bet\veeu s e r ~ a l  
ranges of instruments and between in- 
strument types, Gordon has suggested 
that the technique of using filament-line 
distortion a s  an  indicator of PO\\-er-line 



tlistortion sllotlltl not he relied on  l~cav-  
ily. 

Comparison of tile actual peak-to-peak 
versus  true 1-111s-po\\-cr-line voltages is 
preicrrctl as a IIILICII more accurate 
rnetliotl of determining tlie suita1)iiity of 
t h e  po~ver-line \vaveiorm ior proper l i +  
regulation. 

F o r  the peak-to-peak measurement, the 
V-0-II  adapter suggcstctl in the June 
1961 issue of Ser\~ice Scope, or  an accr~r-  
a t e  peak-to-peak reading voltmeter arc 
rcco~nmentletl ;  for I-111s ~seatlings, an i ro~ l -  
vane  01- tllcl-mocouplc meter \\-ill givc the 
mos t  accurate results. 

A TIP FOR CLEANING TIPS 

Figure 1 

Figure 1 abo\-c slio\\-s a handy-tlantl> 
unit for keeping soldering-iron tips clean 

\Ve find this cleaner, mt~cli  more efficient, 
and qniclicr than tlie old \\-ipe-on-a-clot11 
mctliotl. 

Easy to construct and si~iiple to use, i t  
tloes an excellent job. T o  use it, just 
tlra\v the soltlcri~lg-il-on tip tlo\vn througl~ 
tlie 1)rush 111-istlcs as sho\vn in figure 2. 

Figure 2 

\Ve used 0.061" alumin~im in constl-uct- 
ing tlie unit sho\vn licre. Rase dimc~l-  
sions are 3" s 1". The  bracket on \\-liicli 
the 1)rushcs are mounted is, in this in- 
stance, spot \vcltletl to the I~ase .  You 
could just as easily tuor~nt the bi-aclcct 
to tlie l n se  \\-it11 t\vo flat-liead lmlts 
cou~i tcr  sunk ilusli \vitli the 1)ottoni side 
of the base. I.ocatc the I~raclict %" iron1 
tlie fl-ont edge of the base. 

Form the l~racltet for the bruslies is0111 
a piece o i  aluminum 3Ii x 811. One incli 
from the end o i  this material malie a 

0" I~cnd.  I'ivc inches from this I)cnil 
lake a 4.5" hencl. One and one quarter 
nchcs irom the 45" bend make a 30" 
lend. l ie sure you makc each I)cntl i l l  

he direction as sho\vn in the picture. 

O n  the iivc inch section o i  this I)racl;et, 
'/16" in from each side and 1%'' up from 
lie 60" I)entl, tlrill iour lioles ( t ~ v o  holes 
o a side) o n  three incli centers. Use a 
#27 tlrill. I f  you \visl~ to I)e real fancy 
.ou can nial;c slots a l~on t  %" long ant1 
1s \vide as the holes. Then as tlic 1)rusli 
)ristles \\-car you can readjust the 
)susIies close to each other. 

? 7 Ilic I)rl~sli portion o i  the cleaner can 
)c ~ ~ u r c l ~ a s e d  a t  almost any hard\\-arc 
;tore. Asli for a \vliite tampico hand 
~ r r ~ s h .  l)ime~isions of the I)rush s1,oultl 
)c 3gr' long by 1%'' \vide. O n e  11rusll 
iv i l l  Ile all you rcc1ui1-c per unit. 

One  and one eighth inches irom o ~ ~ c  
2nd of the I\-ootl handle antl 1/4"  (Io\vn 
irom the top, drill t\vo lioles on thl-ee 
~ n c h  centers. C s c  a # I 4  drill. No\v sa\v 
[lie handlc tlirough the center Iciigth\vise. 
This \\.ill givc you t\ro 1)ruslies 1H" long 
I)?; 7/16" \vide. Xlouilt thc I)r~ishes as 
slio\vn in tlic pictures antl you have a 
q~iiclt, convenient antl efiicieni soldering- 
iron-tip cleaner. 

You may mount the cleaner pcrman- 
ently in a convenient location by drilling 
holes in the I~ase  plate antl securing the 
unit I\-ith scrc\vs or 1)olts. T h e  one 
slio\vn has sponge ru11l)cr strips %"\\litle 
by r/i" thick cemented to the Imse. They  
hold tlie cleaner in place when it is used 
antl have the atltlctl advantage of makinl: 
the unit poi-tal)le. 

'l'lle metal estentliiig out on tlle top of 
the cleaner (formed l ~ y  making the 30" 
1)entl) is i~ilportant.  I t  deflects do\vn\\,artl 
antl a\\-ay irom the operator any hot 
solder or  tip flaltes tlislotlgctl 11p the 
cleaning I~ruslles. 

Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix l n -  
A-2099 strurnent Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 1 0/61 
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ACCURATE FREQUENCY 
MEASUREMENTS 

Ry Jerry Kraxlxrger ,  Tektronix 
Field Engineer 

, . 1 Ire sweep-time accuracy of most Tek- 
tronix Oscilloscopes is specified to be 2 3 %  
on any range. Some oscilloscope operators 
find it necessary, at  titnes, to m;ilce time ot- 
frequency measurements to much closer 
tolerances. Faced with these requiremeuts, 
the oscillosco~)e operator \vill most likely 
rely on the higllly accurate and well-known 
method of using Lissajous patterns to com- 
pare an unlinown frequency with a stantlard 
frequency. This method lras two tlrawl~aclcs ; 
one, it may not Ix suitable for  tlre oscillo- 
scope a t  Ilantl; tivo, it requires consitler- 
;hie set-up time. 

You tnay use a nruc1-i simpler, yet e q u a l l ~  
accurate, method provided your oscilloscope 
possesses-as all Tektronix Oscilloscopes 
do-a triggered sweep. T h e  x c u r a c y  of the 
instrument does trot cuter iuto tlre measure- 
ment and tile wave shape of either signal, 
i.e. sine xvave, sawtooth, pulse, etc., is not 
important. 

T o  use tlris method, connect one signal to 
the external-trigger input and the other lo 
the vertical-amplifier input of the oscillo- 
scope. You may use either signal as  the 
stantlard but you   nu st connect the lower- 
frccluetrcy s igml  to the external-trigger in- 
1)ut. Tr igger  the s\veep in the nortrial Inan- 
ner. O n  Tektronix Oscilloscopes, set tlre 
T R I G G E R I N G  M O D E  switch to A C  or  
DC. D o  not use tlre A U T O M A T I C  or  I-IF 
S Y K C  modes for  tlris application. Malie 
certain the sweep is not free runtring !>!. 
temporarily removing tlre external-trigget- 
signal. If the slveep is free running, a 11-ace 
will remain on the crt. 

Let's look at  a specific application. Sup- 
pose you \\.ant to  adjust a 400-cps signal to 
;In accuracy better than *O.OlC/c. \\'e sug- 
gest the  use of a triggered-type oscilloscope 
;inti a Tektronix Type 180A Time-Marl; 
Getrer:ttor* since 100 cps is an integer of tlre 
time-marl; generator's 1-mc ( f 0.001 % ) cry- 
st;~l-controlled oscill:ttor frequency. 

H e r e  is a suggested procedure : (see hlocl~ 
diagram, Fig.  1 )  

1. Adjust tire oscilloscope sweep time t (  
1 msec/cm. 

2. Tr igger  the oscilloscope externally f r o ~ r  
tlre 10-msec tirarlcer (100 cps) of tlre time- 
~ir:irle getrer:itor (extern;~l-trigger-illput ot 
oscilloscope). 

3. Cotrnect tlre 400-cps signal to tlre \.erti- 
cal-atnplifier iuput of tlre oscilloscope. 

4. Adjust  the 100-cps frequency precisel! 
until it  does not move Iiorizontally oil tlrc 
screen. 

Fig. 1 
Sitrce tlre period of a 100-cps signal is 

1 /100 sec or  2.5 msec, you slioultl no\v Irave 
$ complete cycles of tlre 400-cps signal tlis- 
pl;iyed in 10 cm horizontally (10 tnsec o i  
time) on the screen. 

If the 400-cps sigral tloes not move Irori- 
zontally, ancl if tlre Time-Marlc Generator 
has zero tolerance, the sigiial under test will 
I)e 100 cps f 0.0. 

\\'it11 the Tektronix Time-Mark Gen- 
erators specified in tlris article a s  the stand- 
a rd  source, the signal under test can be atl- 
justed to 100 cps 20.001%- or 400 cps * 0.004 cps. 

Kote that if the signal were off 11y I 
0.01 cps, one complete cycle \vould move 
past a given point on the crt screen in 10 
seconds. When you cotrsider the accuracy 
of the specified tirne-mark generators, tlris 
would be 400 cps -CO.l04 cps. 

You can use the :hove metlrotl of fre- 
quency comparisoti because the 100-cps sig- 
nal under test aud the 1-msec ( I  kc)  time- 
mark signals a r e  exact integers of the 1- 
mc/sec frequency of the time-mark gen- 
erators crystal-controlled oscillator. Kote 
that the oscilloscope sweep time tloes not en- 
ter into the measurement. I t  is, lro\vever, 
;in aid \vlrcu ~irakitrg preliminary adjust- 
ments of tlre signal under test. 

I f  you use ;i dual-trace preamplifie~ 
(Type  C-A for cx;mple)** in the oscillo- 
scope vertical channel, you can observt 
Imtlr signals on  tlre crt screen simultaneously 
, . 
l o  do this, run mother  jumper from the 
tin-ic-iri:trli generator's 1-msec output to t11c 
tlu:tl-trztce prentiiplifier's R clrannel. Set tlrc 
preairiplifier M013E s\vi~clr to tlre A L T E R .  
S A T E ,  C H O P P E D ,  or  A D D E D  .%LGE. 
B R A I C A L L Y  position. The  1-msec marker! 
nil1 remain st;ttiotrary on tlre crt screen bu 
ilrc 400-cps signal will travel to the rig11 
or  to the lcit if it is not exact. 

7 .  

To i~isure the :muracy of the Type 180:j 
1 inre-X1;irk Generator, you can com1:are 01 

calil~rate its frequency ~vitlr the Eureau o '  
St;intl:irtis' \\'\\'\- stxtioir as  follows: Tune 
:i short-wave receiver to station \\'\\'\- 
.%(Id a short 1e1rgtI-i of wire to tlre l-pse( 
output of the Type 18014 Time-Marker Gen 

rator. Tlre generator's 1-mc signal will 
eat with tlre incoming WM'V signal in tlre 
rort-wave receiver's A.M. detector. The  
ifference frequency in cycles will be a 
neasure of the time-mark generator's ac- 
uracy in parts per million. You can mini- 
nize this difference by adjusting the vari- 
Me-trimmer capacitor across the oscillator 
rystal in the time-mark generator. Monitor 
Iris difference signal right off tlre detector 
,f the short-wave receiver. Use  an oseillo- 
cope to do tlris. One  cannot hear the low- 
requency zero beat. Resides, tlre low-fre- 
luency response of the receiver's audio 
ystem may not he &xd. 
Tlre following Telctronix Time-Mark Gen- 

rators may also be used for  tlris applica- 
ion;  Type 180 with a Type  180 Crystal 
h e n  Mod Kit ( T e k  No. 040-252) installed. 
Type 181 antl Type  RM 181 with Crystal- 
h e n  Combitration accessory ( T e k  No. 158- 
107) installed. 
:* Telctronis instruments on which you m:iy 
hserve these signals sitnultaneously a r c ;  
Type 502 Dual-Beam Oscilloscope and Type 
116 Dual-Trace Oscilloscope. Any Type 
130, Type 540, Type  550-Series Oscillo- 
cope with a multiple-trace, letter-type, 
'lug-In Preamplifier in the plug-in coni- 
~artn-ient (this would also include the Type 
8 0  Series Oscilloscopes with a Type 81 
'lug-In Adapter) .  Type 560 o r  Type 561 
)scilloscopes with :I Type 72 Dual-Trace 
'lug-In ITnit .  

SHIPPING BLOCKS AND 
INSTRUMENT PACKAGING 

A continuing prol~lem for  hot11 Tektronix 
lnd our custotl-iers is the damage suffered 
~y instruments in transit. 

Tlre most foolproof cont:tiner a customer 
:;ur use when shipping a Tektronix instru- 
Inent is the original carton in which it was 
received. These cartons and their at tendmt 
p;icking materials a r e  tlre result of ~i-iuclr 
research ancl some sad experiences. .4n in- 
strument, properly housed in one of these 
containers, will come through a normal s h i p  
tiient ordeal in excellent cantlition. 

\\'e earnestly recornmerid that, whenever 
possible, the original Tektrotiix shipping 
carton along with the dunxlge antl any s h i p  
ping l>locks he retained and stored for  future 
use. 

\Ire ~voultl also like to make the following 
suggestions for  packaging Tektronix iii- 
struments for  shipment : 

If you do not have the original slripping 
carton, contact your Tekt ronis  Field En- 
gineer. H e  very probably will he able to 
supply you \vit11 ;r factor!:-approved carton. 

I f  the instrument lras a shock-mounted 



chassis ,  he sure the original shipping I ~ l o ~ l i s  
;ire pu t  in place. \\'hen these hlocl;s ;we not 
:iv:iilshle, make substitutes of rorrug:itetl 
paper,  sponge rubber, styroio;um or  similar 
material .  Customers quite often send :\ 

shock-moutitetl-cl1:issis instrument to us Xvitli- 
out  t h e  shipping 1)locIis or :i suit:il~le s u b  
st i tute in place. Almost itiv:iriahly the in- 
stru111ent \ d l  suf fe r  some shipping tl:im;ige 
I x x i u s c  of the omission. 

XI1 instruments slioultl he conipletely 
wr:tppetl in 1ir;iit paper or  other ~~li:ll)le 
dust-resistant m:iterial. Set the \vr:ipped in- 
s t rument  it1 the origin:i1 carton and place the 
tlunn;ige ;irouncI it. Close carton :mtl seal 
~ v i t l i  gummed tape. 

T i  the origiti;\l carton is  rot av:iilahlc, use 
;i cont:iitier of corrugated p p e r ,  wood, o r  

If your copy of SERI:ICE S C O P E  did 
not car ry  your correct atltlress, kve \voultl 
like t o  I;~io\v so that \ve c:in remedy the 
error .  Also, if >.our frientls o r  :tssociates 
would like to receive their o\vn copies, 
please tell tlrem to \vrite us-or you c:111 
send us tlicir n:imes, titles, :ind :itldresscs. 

NEW FIELD MODIFICATION KITS 

T Y P E  521 FOUR-I 'OSTTIOX I'EIITT- 
CAI, S E L E C T O R  S\ \ . ITCH MOIITFIC I -  
T I O N  K I T  (\\itli  lieviseti I R E  Reipon\c 
Net\vork ) * 

F o r  Type .524D Televisioii Oscilloscopes 
s /n ' s  101 to 1399 inclusive except those in 
strumetits that h;ive 1i:itl the older hfotl 1iit 
T e k  No. 04-057 ,  installed. 

This 'niodii icat io~r kit inst;ills a four -po~i  
tion vertical s\vitcli a~it l  :in access panel t~ 
provide the iollo\ving impro\:etiients : 

a. A F L A T  vertical response to 5 mcg:i 
cycles withi11 1%. This passlxi~itl i 
necessary i o r  measr~ring the radio-ire 
quency "hurst" used in color TI:. 

h. A new I R E  Response Xet\vorli \vliicl 
cliatiges the roll off cli;irncteristics 11 
conform ~vit l i  the St;~~id:trd '-58 TIil 
23.S1, as ;mended Tuly 1, 1961. 

Order  tlirougli your local Telctronis Fiel, 
Engineer or  Fieltl Office. Specify T y p  
521D Four-Position Vertical Selector S\vitc 
Mod Kit ,  Teli. No. 010-271. Price is $17.2.' 
* T h i s  new modification kit repl;ices the ol 
Type  524 Mod Kit Teli No. 010-057 \vliic 
installed a four-position vertic:il selecto 

,witch and access panel In11 did not in- 
,lude the Revised-IRE-Resl~o~ise Network. 

T o  inst:ill the IRE-Response Wct\vork in 
nstruments th:it Irnve I~een ~notlifictl \villi 
fiod Kit  No. 010-057, see Typc 521.41) 
Modification Kit tlescril~etl elsc\vlierr in tlii.; 
d u m n .  

r w E  5 2 4 . 4 ~  IRE KET\\'ORK MOD- 
IFICATTO?: K I T  

F o r  Type 521.4D Television Oscilloscopes 
; /nls  1400 to 6581 inclusive :ind for Type 
i24D Television Oscilloscopes helo\v s /n  
1100 that Ii;tve heen modiiietl (Field Mod 
<it, T e k  KO. 010-057) to  include ;i f o ~ ~ r -  
msition Iiertic:il Response s\vitcli :iml :ic- 
:css panel. 

This  modiiic:ttion inst:ills :t nc\v I R E  
Response Ketworli in tlic Typc 521.4T3 
Dscilloscope. This  ~iet\vorli cli:inges tire 1-011- 
?ff cliar:ictesistics to conform \\.it11 the Re- 
vised Stand:ird '58 TRE 23.S1 :is :i~iiendetl 
Tulv 1, 1961. 

T h e  kit inclutles :L I7el-tic:iI-:\1i11,liiicr-R~~- 
q m s e  Selector s\vitcli, tlra\viiigs, scliem:itic 
and step-hy-stel) inst:~ll:~tioii instructions. 

Order tlrrouglr your loc;il Tcldronis  Ficltl 
Engit~cer or  Fieltl Oii ice.  Specify Type 
524.4D TRE Iicspoiisc Net~vorl i  hfod Iiit.  
Teli. No. 010-263. Price is $12.20. 

TYPE 525 I R E  III<SPOKSI< S I < T \ \ . O I i l i  
M O 1 ) I F I C A T I O S  K I T  

For  Type 525 \\'a\;eiorn1 Monitor s/tr's 
101 to 1299 inclusive. 

This  tnotliiicatioii clr:inges the 1111: Ke- 
sponse c1iar;icteristics in the Type 525 to 
conform \vith the lievised St:ind:trtl '-58 1111< 
23.S1, :is :urnended July 1, 1961. 

T h e  kit contains :ill the ~rcccss:i~-y com- 
ponents, tlr:~\vi~igs, scheni:itic ;tnd stel~-l)!.- 
step inst;illation instructions. 

Ordel- tlrrougli your 1oc;tl Telitroiiix Fieltl 
I'ngineel- o r  Field Off  ice. Specif!. T y l ~ e  
-525 I R E  Respmse Net\vorli Mod Kit, Teli 
Xo. 010-26.5. I'rice is $1.50. 

T Y P E  527 I R E  I I E S P O X S E  SErr \ \ 'O1i l<  
M O D I F I C A T I O X  K l T  

F o r  Typc 527 \\.:iveioriii Monitors s / ~ i ' s  
101 to 269 inclusive :tnd T j y e  IiSl.527 \\':ive- 
form Monitors, s / n l s  101 to 331 inclusive. 

This  modific:ition clinnges the 1Iil< Iic- 
spoiise clrar;icteristics to coniorm \\.it11 the 
revised St:ind:ird '58 I R E ,  as :iniendetl !ul>- 
1, 1961. I t  also itliproves the ts:itrsient rc- 
sponsc of tlre i~istrumc~rt  \vlie~i the \'ertic:ii- 
Selector s\vitcli is in tire IIil.: positioii. 
, . 1Iie kit coiit;ti~rs :ill ~recess;iry coiii]~onenl.;, 

( l r ,  ' ~ \ \ I I I ~ S ,  .' .- . sclre~iiatic :ind s t e p l ~ ~ . - s t e l ~  in- 

st;tll;~tioii i~rstructions. 
Order tlrrougli your loc;il 'l'elitro~iir Fieltl 

Engineer or  Ficltl Oii ice.  Speciiy Tylw 
527 1 I i E  Iiesponsc Sct\vorli Mod Kit, Teli 
S o .  040-266. ]'rice is $3.00. 

MISSING INSTRUMENTS 

A T y l ~ e  512 Oscilloscope, s /n  288, tlis- 
;ipl~e;iretl il-(1111 the Renso~i I'olyteclrnic I l i g l ~  
School in I'ortl;ultl, Orego~i ,  during the 
suinnier v:ic;itio~i. .A sul-vey of ;iutliorizetl 
~ ~ e r s o n n e l  f;iilctl to turn up tlre i~rstrumcnt, 
so i r  is prcstunetl to lixvc 11cen s t o l c ~ ~  :\II!.- 
one \\.it11 inior111;ition on this instrume~it 
sllould c011t:ict Mr.  :\rll~lld c;r:111t, 13ellsoll 
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, . I h e  University o i  \\'asliington notiiies us  
that :I T y p e  504 Oscilloscope, s / n  214, :\I,- 
pc:~rs to be stolen irom one of their 1;iI)- 
or:itories. If you have an>. i~iforin:ttion on 
this instrniiient, ple:ise coi~t:ict Mr.  I<,\\'. 
hloulton, I-lxecutive Officer, Vniversity o i  
\\':isliiiigto~i, I ) e p r t m e ~ ~ t  o i  Cl1eiiiic:il En- 
gi~icel-ing, Se;~tt lc  5, \\.asliington. 

l'olytecl~nic l l igh  School, 546 S.E. 12th I 

USED INSTRUMENTS FOR SALE 

514.411 Tkntlis Mish:i\vali;i Iliv. I re o x i ~ o s c o ~ ~ e .  

1 'Type 51 7 

I Type 512- 
s /n  118 

USED INSTRUMENTS WANTED 

400 S Beiges Street 
Mislia\v:~k:~, Indiana 
Phone:  BL -5-2111, e s t  329 

Typc 31.5D Scott M. O\erstreet  
or T J  pe 310 515 "Q" Central Avenue 

hlountain \?ie\v, C;iliforni;i 

GREENSBORO FIELD OFFICE NOW 
SERVING SOUTHWEST VIRGINIA 

Tektronis  Field Eiigi~ieer Rick Ennis of 
our  Grcenslmro Ofiice \vill provide field 
ci igi~~ee~-i i ig services for  custoiiiers in this 
:irc:c. 

GRATICULE MOUNTING PROBLEMS 

Tom Smith, Ficltl I-:~lgi~iee~- nit11 our I'llil- 
:idelplii:l Fieltl Oii ice,  inio~-nls  us t1i:it sonic 
of his custome~-s 11:ive ;i ~)rol) le~ii .  They a rc  
coniusetl :ihout t l ~ c  proper secluelice io r  the 
inst:ill:\tioii of components ovcr tile f:icc o i  
crt 's in Te l ; t ro~~ix  oscilloscopes. 

\\'e c)fie~- t l ~ e  fo l lo~vi~ ig  i ~ ~ i o r ~ i i x t i o ~ ~  i l l  : ~ I I  
c i io r t  to cle:ir ill1 soiile o i  this coniusion. 

I<scept io r  some ii~struiiicnts (\vl~icli \\.c 
will tlesig~iate I:itcr), the light iiltcr is 
shipped uniiio~intctl :iiltl :IS :in :icccssory t(: 

\\'e ship all oscilloscopes employing :I 5" 
crt  \vitli a hlacl; pkistic ( R o > d l i t e )  
ight shield i~istalled. This  shield lias a -5" 
11)ening with a j/Z" flange a t  riglit angle to 
lie opening. The  face of the shield is 
lightly smaller than tile graticule cover 
.nd contains seven lioles. T h e  edge with 
he four holes is the top. This  sliield is 
nstalled 1)y inserting the ilangetl portion 
~et\veen the crt and the surroutitling mu- 
netal sliield. Properly installed, the liglrt 
liield fits flus11 against tlw instrument 
nnel. Tlie four  holes in each corner ;illo\v 
he graticule si~itls to protrude. 

The  t\vo inner holes at  the top permit the 
yxticule lights to show tl~rougli tlic light 
liield. The  sevc~ith hole, loc:itetl in the 
mver left-hmtl corner and just almve tile 
;raticule stud, 1)ernnits ;iccess to the c:m- 
ctljust jilting on instrutiients ro~ll:ii~iing Ihc 
wn-adjust  ieature. 

Over this light shield, we i11st:ill tlie grati- 
x l c  11i;iking sure the etclietl-line side i:ices 
o the crt. Tlie retl-rimmed holes in tlie 
:r:tticule ;ire positio~ied :it the top :inti 511s- 
-outid the gr:tticule lights. 

O n  e:ich gi-:iticule stud, \ve inst:tll :I rub- 
,er \v:islier. Tlie graticule cover tlicn goes 
jvcr the nhole :~sseml)ly :ind the gr:iticulc- 
dud nuts hold :ill iirmly in p1:ice. \\'lien 
nst:illiiig the gr:iticule cover, m:tl;c sure 
.he siii:ill hole in tiic circul:ir fl:lnge o i  the 
:over is at  tlic top. Placement in this 
?osition permits correct att;icliment of the 
Tel;tronis Viewing Hood with moltled- 
rulher eyepiece (Teli S o .  016-001) or  the 
Tektronis  P o l ~ r i z e d  Viewer (Tclc No. 
016-035). 

Instruments slii~q)ctl \vitli the green light 
filter inst:dlctl :ire; Type 52-1. A l l  Television 
Oscilloscope, Typc 525 Television \\-:iveforiii 
Monitor, Type i26  Color-Telcvisio~i \7ector- 
scope, Type 527 \\';\veiorin Monitor, Type 
575 Tr:unsistor-Cun~ Tr:icer, ;itltl :dl in- 
struments ordered \villi a P-1  ~)liosl)l~or crt. 

1nstall:ltion of components ;crountl :mtl 
ovcr the {;ice of the crt in tliesc instruments 
tliffcrs i r o ~ i i  the foregoi~ig instructions in 
only t\vo resl)ects: (1)  \\'e install the green 
light iilter Ixt\veen the 1~l:icl; ligllt shield 
and the gr:itict~lc. ( 2 )  \\'e do not use the 
iour  ru1)l)er \\mlicrs I~ctwcen the graticule 
:ind the graticule cover. 

On oscilloscopes employing 3" crt 's we do 
not install a light shield. T h e  light filter is 
shippetl untiio~intetl a s  an accessory (unless 
the oscillosco~~e is orde~-etl with a I - 1  phos- 
phor) .  Three-inch oscilloscopes do not I i : i \ ~  

the cam-adjust fe:iture. In all otlicr \v:lys, 
install:ition of coiiiponents over the crt 
follow the foregoing instructions i o r  5'' 
oscilloscopes. 

\\'e place tlie etched side of tlie graticules 
whenever possihle nes t  to the face of the 
crt. This  avoids paral1:is and thus errors  
in reading oscilloscol)e measurements. 

There  is little to be gained 1)y placing the 
light filter over the graticule. T h e  graticule 
lines will not show through tlie filter suf-  
ficiently enough to Ix useal>le. 

Should you prefer white graticule lines 
(such a s  when taking pictures of oscillo- 
scope traces) you may, on the 5" oscillo- 
scopes only, rotate the graticule 180". Re- 
member keep the etched side n e s t  to the 
face of the crt. On 3" oscilloscopes the 



graticule cannot he rotated in this manner . 
O n l y  by removing the red plastic f rom 
around the graticule-light holes in the grati- 
cule can you obtain white lines on these 
instruments . Some solve this problem by 
keeping two graticules on hand . One for  
red  lines, the other for  white lines . 

I f  you use the Tektronix Bezel*. Teli 
number 014-001. ( f o r  mounting cameras. 
o ther  than Tektronix types. on Tektronix 
5" oscilloscopes). it takes the place of the 
graticule cover in the above instructions . 

W e  recommend the removal of the light 
f i l ter  and the use of white graticule lines 
when  taking pictures of oscilloscope traces . 
*hTote: The  Tektronix Type C-12. Type 

C-13 and Type C-19 Cameras Inve  
a hinged adapter :mtl four coil?- 
slotted graticule nuts . The adapter 
and its four nuts repklce the stand- 
a rd  graticule cover and graticule 
nuts . T h e  cameras fit s1111gly into 
the hinged fittings. yct lift in and 
out with ease . Supported in this 
manner. the cameras have :L swing- 
away action . This  feature allo\vs 
an unobstructed view of the crt 
without complete removal of the 
camera . 
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USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 

NUMBER I Z  PRINTED IN U.5.A FEBRUARY 1962 

MEASURING A SMALL AC 
COMPONENT 

RIDING ON A DC VOLTAGE 

If you wish to measure a stnall ac com- 
ponent riding on a tic voltage, a number 
of ways to  do so present tl~emselves. T h e  
following describes several of the more 
simple methods employing Tektronix oscil- 
loscopes. 

Perhaps  the most simple method is to 
switch tlie input selector o r  AC-DC switch 
of the scope's vertical input to the A C  posi- 
tion. D o i n g  this switches a dc blocking 
capacitor into the circuit between the input 
terminal and the vertical amplifier. See 
Figure 1. T h e  capacitor blocks the dc volt- 
age but  allows the ac component to pass 
through t o  the amplifier. This  blocking or  
ac-coupling capacitor is usually a 0.1 pfd 
capacitor rated a t  600 volts and the input- 
grid resistor a 1 megohm precision resistor. 
T h e  r c  time constant of this combination 
is 0.1 second which contributes 3-db attenua- 
tion f o r  2 cps (approximately) sine wave 
signals. Combined ac and dc voltage of the 
input signal should not exceed 600 volts. 

This  method works well provided the 
above conditions a re  met and the frequency 
of the a c  component is above 10 cps. T h e  
vertical-sensitivity control can he set t o  
maximum if needed. 

S o ~ v  let's make the conditions a little 
tougher. \\'e Imve a few millivolts of lo!\- 
frequency component riding on a dc voltage 
of about +2 volts. The  frequency of the 
;ic component is tlo~vn beloxv several cycles 
per second. Here a differential input ( s u c l ~  
a s  that  available on the Tektronix Type 
502 o r  Type  503 Oscilloscope, o r  the Type 
63 or  Type  D or  Type G Plug-In P r e -  
:unplifier in a Telitronix Oscilloscope for  
\vhich the preamplifier is designed) ivill 
help t o  solve the problem. Set the input- 
selector s\vitch to .+R, and the AC-DC 
switch to DC. Apply the signal to I S P Y l '  
X and feed an equal tic voltage to I N P C T  
B. An  inexpensive multi-turn potentiometer 
(such a s  rnade by the Chicago Telephone 
Sup1)ly Company), a battery and a bypass 
capacitor provide a convenient way to  con- 

trol the dc voltage to INI 'UT B. See Fig- 
ure 2. T h e  capacitor, potentiometer and the 
leads to the oscilloscope of this circuit, as  
well a s  the lead from the voltage under 
investigation to the oscilloscope, must he 
adequately shielded against stray hum pick- 
up. A battery offers  certain advantages 
over an ac power supply, i.e. low noise and 
no ripple. For  signals having a negative tlc 
component reverse the battery connections. 

INPUT 

A 
-1 w i t h  ac comoonent 

m e  t o - a x i a l  cable 

Figure 2 

This method will work satisfactorily for  
dc components up to 2-5 volts depending 
on the instrument used;  beyond that you 
may saturate the input stage of the dif- 
ferential amplifier unless the input is at-  
tenuated. 

For  dc components up to 20-50 volts, a 
pair of 1 0 s  probes (one for  each input) 
plus 45 volts from batteries will \vork satis- 
factorily. This  will, however, reduce the 
sensitivity of the oscilloscope by a factor 
of ten. 

In the case of the Type G Plug-In Pre-  
amplifier which has separate input-attenu- 
ator  controls for  each input, you do not 
need 1 0 S  probes. Using these attenuators, 
a 1.5-volt battery is sufficient for  balancing 
out a tlc component up  to 600 volts, though 
the display sensitivity under these extreme 
conditions is only 20 v/cn~.  

The  Tektronix Type Z Differential C o n -  
parator Cni t  in a Tektronix Type 530, 
Type 540, Type 550, o r  Type 5SO* Series 
Oscilloscope, will eliminate the need for tlie 
extraneous circuitry shown in Figure 2. 
This versatile unit contains a built-in reg- 
ulated dc comparison vo1t:ige. \\'hen the 
M O D E  switch is in the A-Vc o r  Vc-R 
position, the calibrated dc voltage is inter- 
d l y  applied to cancel out any unwanted 
dc component in the applied signal. This  
allows accurate measurements of relatively 
small ac signals riding on relatively large tlc 
signals. Precisely accurate selection of plus 
o r  minus dc comparison voltages over a 
range of from 1 to 160 volts is possible 1,: 
means of a C O M P X R I S O S - \ - O L T A G E  
R - \ S G E  selector and a Heilidial control. 

In  using the Type Z Unit to  measure 
signals discussed in this article, set the 
4 C - D C  switch to DC. Set the M O D E  
switch to A-Vc if the signal is applied to 
I N P U T  A o r  to Vc-B if the signal is 
~pplied to I N P U T  B. Set  the C O M P A R I -  
S O X - V O L T A G E  P O L A R I T Y  selector to 
natc11 the polarity of the dc component 
sf the input signal and set the C O M P A R I -  
S O N - V O L T A G E  R A N G E  selector to a 
voltage value that exceeds the voltage of 
[he d c  component of the input signal By 
means of the Heilidial, adjust the compari- 
son voltage to cancel out the unwanted dc 
component of the applied signal. \Irith the 
A - I N P U T  V O L T S / C M  ( A T T E N U A -  
T O R )  control in the .05 position, a 5 rnilli- 
volt ac component will give 1 lnrn of 
deflection on the crt  screen. Maximum 
voltage swing a t  this sensitivity is .t- 100 
volts combined ac-dc signal. 

By using the V O L T S / C M  ( A T T E N U -  
A T O R )  control, mixed ac-dc signals up 
to a n~axirnum of 500 volts peak-to-peak 
can be investigated in this manner. Bear in 
mind, however, that the sensitivity of the 
osc~lloscope will be reduced by the factor 
to which the V O L T S / C M  control is set. 

* .% Type 81 Adapter is required for  use 
with Types 581 and 585. 

CONSTRUCTIVELY CRITICAL 
COMMENTS ON 

"GRATICULE MOUNTING PROBLEMS" 

Tektronix Field Engineer Bob L e  Rrun 
( Ih l t imore)  writes us regarding the article 
"Graticule Mounting Problems," lvhic11 ap- 
peared in the December '61 issue of 
S E R V I C E  S C O P E ,  as follows: 

"There a re  a couple of statements in this 
article that I'd like to comment about. 

Statement:  'There is little to he gained 
by placing the light filter 
over the graticule. T h e  grati- 
cule lines will not sho\v 
through the filter sufficiently 
enough to be useable.' 

Comment : Placing the light filter over 
the graticule reduces parallax 
by moving the graticule and 
trace one filter thickness 
closer together. T h e  gr;lticule 
lines can I)e made to sl~o\v 
tllrougl~ enough to he useahle 
under most ambient light con- 
ditions hy using the white 
gra t icde  lines. The  rcti lines. 
of course, ivon't sllo\v through 
:I colored filter unless it too 
is red. 



Sta tement :  'If you use the Tektronis  
Bezel, Tek  number 014-001, 
( f o r  mounting cameras, other 
than Tektronix types, 011 

Tektronix 5" oscilloscopes). 
it takes the place of the 
graticule cover in the above 
instructions.' 

Comment:  T h e  Tek  Bezel ( for  non- 
Tek  cameras) can be used 
wit11 the graticule cover and 
I believe sl~ould be because 
without it light leakage ruins 
pictures." 

Rob's comments a re  good antl u-e appreci- 
a t e  them. T h e  idea of using the white 
gra t ic~ l le  lines never occurred to this 
ed i tor  - just too simple a solution, I guess. 

B o b  is also correct in his belief that the 
graticule c o \ w  should be used with the Tek  
Bezel ( for  non-Tek cameras). \\-it11 the 
graticule nuts removed, the bezel will mount 
on  the graticule studs and right over the 
graticule cover. Reinstalling the graticule 
nu ts  will then hold all firmly in place 

A CLARIFICATION 

I n  the December issue of S E R I - I C E  
S C O P E ,  tlie article "Accurate Frec1uenc~- 
Measurements" suggested a method for 
checking tlie accuracy of rt Tektronis  Type 
180A Time-Mark Generator by beating 
the  1 psec markers against the \\'\\'I7 car- 
rier. The statement that the "difference 
frequency in cycles ~vi l l  be a measure of the 
time-mark generator's accuracy in parts per 
million" may be misunderstood. 

T h e  actual beat (difference) irequeucy 
will be between a I~nr~ironic of tlie 1 psec 
(1  mc) 180.4 output and the particular 
\\:\\'V carrier used. If \\'\\.Y1s 5 rnc car- 
rier is used, a beat frequency of 5 cps will 
indicate a 180A error  of 1 ppm. If the 
10 nlc \ \ l \ ' V  carrier is used, a beat fre-  
quency of 10 cps will indicate 1 ppm error  
in the 180A, and so forth. 

T h e  nominal accuracy of the 180A xvben 
shipped from the factory is +.001%, or  
10 ppm. After  being zero-beat wit11 \\.\\'I7, 
it will remain accurate within f 3 parts 
per million over a 24 hour period. 

FIELD MODIFICATION KITS 

T Y P E  551 C H O P P I N G - T R A S S I E K T  
B L A N K I N G  F I E L D  M O D  K I T  

F o r  Type 551 Oscilloscopes, all serial 
numbers. The Type 53C, Type 53/53C and 
Type  C-A Plug-In Preamplifiers will pro- 
duce troublesome transients in a Type 551 
Dual-Ream Oscilloscope \vhen operated ~vit l i  
the  preamplifier M O D E  switch in the 
C H O P P E D  position.* 

Ii 'e have available a field modification 
kit that provides a circuit to blank the 
transients generated under these conditions. 
This  kit provides individual C R T  cathode- 
selector switches that allow blanking on 
either or both the LO\\ 'ER and V P P E R  
beams. 

Tlie modification kit includes a complete 
set of components, pravired amplifier as- 
;embly, parts list, schematic, photos and 
step-by-step instructions. -4 skilled tech- 
nician can install the modification in ap- 
proximately four Ilours. 

Order through your local Tektronis  Field 
Engineer. Specify Type 551 Chopping- 
Trmsient  Blanking Field Mod Kit, Tek 
S o .  040-274. Price is $17.50. 

* Other Tektronis  Oscilloscopes in \vhicll 
tliese Plug-In Preamplifiers will pro- 
duce transients a r e :  
( 1 ) .  Type 531, Type 535, Type 541, Type 

545, serial numbers 101 to 3999. 
For  these instruments ask you. Tek- 
tronis  Field Engineer for  Chopping- 
Transient Blanking Field Mod Kit, 
Tek S o .  010-200. Price is $5.23. 

( 7 ) .  Type 531.4, Type 535.4, Type 541.4, 
Type 545.4, serial numbers 5,000 to 
20,000. For  these instruments ask 
your Tektronis  Field Engineer for  
Chopping-Transients Blanking Field 
Mod Kit, Tek S o .  040-198. Price 
is $5.25. 

T Y P E  502 S \ \ X E P  L O C K O C T  M O D  
K I T  

For  Type 502 Oscilloscopes, all serial 
numbers. 

This field modification kit converts your 
Type 502 Oscilloscope for  the study of one- 
shot pl~enomena. 

The mod kit contains a xvired chassis as- 
sembly, new front panel, and necessary com- 
ponents to incorporate the s\veep-lockout 
feature in your instrument. I t  also includes 
a photo, schematic, parts list and step-by- 
step instructions. 

Order tlirobgh your Tekt ion is  Field E n -  
gineer. Specify Type 502 S ~ v e e p  Lockout 
Mod Kit, Tek. KO. 010-209. Price is $45.00. 

A WORD OF CAUTION 

Recently \ve came across a 1.25-v nickel- 
cadium battery lvith an improperly applied 

;~lx-see picture above. .Apl,arently tlie 
ahel has been applied upside down. The 
irrolv supposctlly pointing to tlie positive 
:nd of tlie Ixlttery ;ictually points to tllc 
1eg:itive end. 

R;ttteries of this configuration and voltage 
ire used in tlic Tcktronis  Type 321 Tr;in- 
;istorized Oscilloscope. An esperienced a~it l  
:areful operator \vould proba1)ly notice this 
:rror in labeling and install the battery prop- 
~ l y  polarized. 

I t  is not inconceivable, l1on.ever, that the 
n t te ry  might be installed incorrectly (polar- 
ty re\.ersetl) by an  inexperienced operator 
>r one in ;I hurry. I n  :in instrument oper- 
tted under these conditions the incorrectly 
,nstnlletl battery \vonltl eventually esplotlc. 
The csplosion could have sufficient force to 
ierior~sly damage the oscilloscope. 

For the benefit of those who may not 
Iknolv, in this type of niclcel-cadiurn Ixittery 
tlie protruding or  nipple-like enti is c~hlc~js 

.he positive end. If there is any question 
thout the polarity of a battery, check it out 
ivitli :L voltmeter. 

Every nickel-catlium battery received :1t 

Tektronis  from our suppliers is placed on n 
charging line. I t  ~vould  be virtually im- 
possible f o r  :In incorrectly marked battery 
Lo get into a production instrument or  to 
I>e shipped on ;I customers parts order. 

However, this brand of battery is nation- 
ally marketed antl m:~y  be purchased lo call^^. 
\\.e do, therefore, urgently recommend a 
c a r e f d  inslmtion of locally purchased bat- 
teries of this type before installation in zn 
instrument. 

MISSING INSTRUMENTS 

T h e  National Broadcasting Company in 
Burbank, California, , reports  that  a Tek- 
tronis  Type 310 Oscilloscope, s / n  1864 dis- 
appeared from their premises on August 8tl1, 
1961. They presume the instrument to be 
stolen since a check of authorized personnel 
failed to reveal the instrument. If you have 
any knowledge of the whereabouts of this 
oscilloscope, please contact Mr.  Frank  Som- 
mers, Engineering Department, National 
Broadcasting Company, 3000 Alameda, Bur-  
Innk, California. 

A Tektronix Type  317 Oscilloscope, s / n  
001771 is missing from the U.S. Ai r  Force 
at  Selfridge A F B ,  Michigan. Tlie Ai r  Force 
non~enclature of the missing property is as  
follows : Portable oscilloscope, Model #317, 
Serial #001771, Stock #676-1302, Class 
Symbol 6625, Listed value : $800.00 

If you have any knowledge of this instru- 
ment contact Gene P .  Moritz, Colonel, 
U S A F  District Comm;uider, 507th O S I  De- 
tachment, Selfridge A F B ,  Michigan. 

T h e  Picatinny Arsenal a t  Dover, New 
Jersey, reports that  a Tekronix Type 517 
Oscilloscope is missing f rom their premises 
and is thought to  be stolen. 

If you have any information on the where- 
abouts of this instrument, please contact the 
Picatinny Arsenal o r  the Tektronix Field 
Office, 400 Chestnut Street, Union, New 
Jersey. 

Copyright 1962 Tektronix, Inc. 



reports tha t  a Tektronix Type 317 0 s c 1 l l ~ -  
scope, serial number 879, mas lost In translt 
t o  one of their  R a ~ l  Flaw Detection Cars. 

Information on the whereabouts of this 
instrument should be sent to Mr.  E I 
Cook, Maintenance Manager, Howe Pre-  
cision Products  Company, Shelter Rock 
Road, Danbury,  Connecticut, Telephone. 
PIoneer 8-9243. 

USED INSTRUMENTS FOR SALE 

1 Type 561, s / n  Tr:tnsitel Internation- 
889. Pr ice  :%I Corporation 
$382.50 615 \\.inters .Avenue 

1 Type 72 Plug- P:tr:mus, S e w  .Terse>. 
In, s / n  565. 
Price $225.00 

1 Type 67 Plug- 
In, s / n  1031. 
Price $135.00 

1 Type 541, s / n  Bernie Stapler 
378 Columl~ia Tec1inic:d 

Corporation 
24-30 Queens Rroo1;- 
Iyn Express, \\'est 
\Voodside 77, S e w  
York. 
Phone : YElloastone 
2-0800 

1 T > p e  316, I.tte August Sclionefeltl 
niodel I 'rec~s~on In5trument 

Co 
1011 Commerctal S t  
San Carlos, C a l ~ f  

1 Type  N Plug- Morris-Cooper Corp. 
In,  s / n  683 3832 Terrace Street 

1 Type 110 Pulse Philadelphia 28, Pa .  
Generator antl Phone:  I\' 6-6533 
Tr igger  Take-  
of f ,  s / n  291 

1 Type 113 Delay 
Cable, s / n  291 

1 Type 514AD Engineering Xssoci- 
ates 
434 Patterson Roatl 
Dayton 19, Ohio 

2 Type 551 scopes I*. Nucci 
2 Type C.4 Plug- General Applied Sci- 

I n  Preamplif iers  ence 1~l1or:ttories 
Merrick Sr Stelvart 
Avenues 
\\'estl>ury, Long Is- 
land, New York 

1 T y p e  535, R S Kampf, P A 
\/n 10751 Computer  D ~ v ~ s ~ o n  

3 'Type 51.5, Pliilco C o ~ p o r a t ~ o n  
\/n 11669, 13900 \\'elih Road 
11670. 
13671 

8 'Type 541, \ \ '~l lo\ \  Groxe,  Pa .  
\/n 7171, P l i o n e  Oldiieltl 9-7700 
7172,7473, 
7190, 7191, 
7192, 7193, 
7194 

USED INSTRUMENTS WANTED 

1 Type  -502 Luis A. Roclia, % 

131138' Sanford Ave 
Flushing, S e w  York 

i TI pe 545 or  Chas. \\'ikon 
TI pe 545.4 501 Keebler Road 

King of Pruss~;t ,  I'a 

I 3" Tektronis  D .  Cleveland 
Oscilloscope 10 Museunl Road, 

Beverly, M;iss. 

INSTRUMENTS TO TRADE 

I T) pe 515.4 wope Bart  I-Iealy 
for  T I Technical Instru 
scope ments, Inc. 

90 Main Street 
Reading, Mass 

KING SIZE HELMHOLTZ COILS 
USED FOR TEST AND RESEARCH 

Tel<tronis I M S E  (Instrument Manuiac- 
turing Staff  Engineers) recently completed 
construction of a king size Ilelniholtz coil. 
( A  He11i1lioltz coil consists of t\vo equ;tl- 
diameter coils spaced a distance equal to 
their diameter apart . )  They will use the 
coil to measure the effects of magnetic 
fields on Tektronix oscilloscopes. 

This  Helmholtz coil contains two coils, 
each two meters in tlianlcter and holding 
90 turns of heavy copper wire per coil. .A 
total of just under 4,000 feet of \vim - 
40 pounds of copper. Spacing tlie coils 
one meter apart and applying an electric 
current sets up n highly uniforni magnetic 
field of a l~out  a cubic meter in size bct\veen 
them. TIi:%t leaves plenty of room to insert 
an oscilloscope in the field and ol~serye tlie 
ef iect  it produces on the elcctron 11e:tm of 
the scope's crt. 

Figure 1 

Figure 1 sl~o\vs :i Tektronis  T ~ y e  531.3 
~sc i l loscope  sitting in the magnetic fielc 
wit11 a search coil (tlie \v:tnd-like tlevic' 
laying on top of the scope) connected 1, 
the scope input. The  trace on the crt f :~c 
indicates ;I pickup 11y tlie se:~rcli coil o 
an nc mnp~ictic field that iiieasures 2. 
Oersteds peak-to-peak. 

Figure 2 slio\vs the same oscilloscope i~ 

Figure 2 

the same magnetic field with the sweep 
synchronized to 60 cycle ac antl no signal 
applied to the scope input. Kotice that in 
this 25 Oersted magnetic field the trace on 
the face of the crt shows only ahout 2 mm 
of ripple. This  indicates that the crt shield- 
ing prevents all hut :% negligible amount of 
the magnetic field from reaching and 
influencing the electron heam of the crt. 

Although built primarily to answer the 
question, "Can \ye put our oscilloscopes in 
a magnetic field 5 units (Oersteds) strong 
and not displace the crt spot more than 
1/16th of an inch?", the Heln~lloltz coil will 
lend itself to many other uses as a test ant1 
research tool. 

\VIiat's the ans\ver to the question? \\'ell, 
TMSE's best guess from previous work \vas 
that we could - but no one \vas positive. 
Xo\v we k n o w  we can. 

TRUANT SCOPES RETURN 
TO SCHOOL 

T w o  oscilloscopes absent without leave 
f rom their respective' schools returned to  
the halls of learning recently. Mr .  R . W .  
Moulton, Executive Officer  of the Univer- 
sity of \\'ashington Chetnical Engineering 
Department, writes us that the Tektronix 
Type 504 Oscilloscope, serial number 214, 
reported missing in the December '61 issue 
of this paper, mysteriously reappeared in 
one of their laboratories. 

Through our Palo Alto Field Office,  
we hear that the Tektronix Type 515A 
Oscilloscope, serial number 6135, (also re- 
ported missing in the December '61 issue 
of SERVICI.1. S C O P E )  has been returned 
to the S a n  Fr:uicisco City College after  a 
four n~ontl is  :ihsence. 

\\'e have no \vay o i  knowing if the notices 
in the "Llissing Instrun~cnts" column of 
S E R V I C E  S C O P E  played any part in the 
return of these instrun~ents to the schools. 
\\'eld like to  speculate, however, that maybe 
-just mayhe-the borrowers or  "kidnap- 
pers" of these instruments read the notices 
in S E R V I C E  S C O P E  and that either pru- 
dence or  an uneasy conscience moved them 
to return the oscilloscopes. 

\\:hatever the cause, the scopes were re- 
turned atid that's the important thing. 



A LIMITED OFFER 

\\re have remaining :I small quantity of 
the hooklet entitled "Impulse Tests :untl 
Measuring Errors". \\'e can best descrilx 
the ~na te r ia l  in this hooklet hy quoting the 
introductory p;iragrapli : 

"It has been sliov,m . . . . in internatioml 
comparisons of the work of various 1al)or;t- 
tories, that the accuracy of measurement in 
tests with impulse voltage does not fulfill 
the  den~ands  it has been thought appropriate 
t o  nlake. This article analyses a part of 
the  question - the problem of measuring 
 he amplitutle and s l~ape  of impulse voltages 
and  currents with sufficient accuracy for  
practical purposes. The  methods of check- 
ing impulse circuits which have been usetl 
a t  t h e  High-Voltage Laboratory at Ludvi la  
f o r  some years a re  descril~eti and the mini- 
mum detnands which should be m:lde on 
measuring circuits intended for  various 
impulse tests are set out. Descriptions a re  
given of a number of measuring circuits". 

\\'e o f fe r  these booklets to those readers 
of S E R V I C E  S C O P E  whose interests lie 
in this  area. Place your requests for  a copy 
with your local Tektronix Field Engineer. 
\\'e must of necessity refer all requests 
sent direct to us to our Field Engineer 
serving the area in which the request 
originated. So, since this o f fe r  is on :I 

first-come-first-served basis, you will espe- 
dite your request if you place it with !-our 
local Tektronix Field Engineer. 

A CONVENIENT PROBE-TIP HOLDER 

Tektronix Field Engineer Jerry K r a s -  
berger sent in this idea for  a convenient 
probe-tip holder. 

I f  you, as  this writer often does, spend 
frustrat ing mnutes  looking for  mislaid probe 
tips, the do-it-yourself probe-tip holtler pic- 
tured in Figure 1 will undoubtedly appeal 
to you. 

Figure 1 

The  design of the pictured holder permits 
attachment of it to  any  Tektronix 5" oscil- 
loscope (see Figure 2)  except when an oscil- 
loscope camera is in use. 

Figure 2 

T h e  circular cut out in the base o i  the 
holder allo\vs it to fit over the new Polar-  
ized Viewer (see October '61 issue of SEII- 
V I C E  S C O P E )  or  a tubular light shield. 

F o r  the base of this holtler, \ye usetl a 
piece of sheet aluminum 2" wide by 6" long. 
W e  formed the %" flanges by making two 
90" bends using a sheet metal bre:tk. O n  

me flange, equ~distant f rom each end anti 
In 5" centers, vie drilled and tapped t\vo 
ioles. \Ve usetl a number 36 drill and a 
5-32 tap. Into these holes u.e screwed the 
.wo banana plugs that attach the holder to 
In oscilloscope by fitting into the two top 
zraticule studs. O n  the top surface of the 
tiolder, we laid out and drilled and tapped 
ziglit equi-distant holes again using a num- 
ber 36 drill and a 6-32 tap. Into each hole, 
we screwed a 6-32 x .1/8" binder head screlv. 
Taking a 1%" length o r  aluminum rod, we 
drilled and tapped it at  each end for  a 6-32 
screw. W e  then mounted the rod on one 
of the installed 6-32 x .?/s" screws. In  the 
exposed end of the rod, we  installed a 6-32 
stud. W e  made the stud by running a 6-32 
nut onto a 6-32 x 5/8" screw, threading the 
screw into the rod until it  bottomed and 
then turning the nut down snug against the 
rod. \\'e then cut the screw off with a 
hack saw so that about extended he- 
yond the nut. After  rounding off the edges 
of the stud, we ran the nut off the stud. 
This  reforms ;und deburs any  daniagetl 
threads on the stud. 

Use  the rod and stud to hold the pincher 
tip of the prohe and the other seven screlvs 
to hold tlie other probe tips. 

\Ve used a rat-tail file to remove the 
metal f rom the circular cut out of our 
holder. 

F o r  attachinp the nrobe holder ( that  white - * 

plastic object with a slot) to the prohe-tip 
holder, we used an ordinary ground post 
mounted in a hole drilled in the front  flange 
of tlie probe-tip Iioltler. 

Perhaps you do not care to mount your 
probe-tip holder on the graticule studs of an 
oscilloscope o r  to construct as  functional a 
holder a s  the one described here. By apply- 
ing the idea of tlie seven screws and the rod 
with stud, ~ O L I  can make a probe-tip holder 
to suit your individual ambition and neecis. 
Install it any place that's handy-bench, wall, 
oscilloscope cart. 

Installed and used, this probe-tip holder 
should save you time and put an end to your 
probe-tip hunting. 

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped a n d  properly-staffed Tekt ronix  I n -  
s t rument  Repai r  S ta t ion  near  you. A s k  your  Field Engineer  about  T e k t r o n i x  Instrurnent-Repair  facilities. 2/62 
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FAN-VIBRATION PROBLEMS: 
SOME CAUSES AND CURES 

In Tektronix instruments employing 
forced-air ventilation, fan vibration is not 
normally a problem. Fan-vibration problems, 
when they do occur, generally stem from one 
of two sources-the fan motor or the fan- 
blade assembly (fins, spider and hub). 

In most of our forced-air-ventilation in- 
struments, the fan motors operate at  rela- 
tively slow speeds. The fan motors used in 
these instruments are typically in proper 
balance as  we receive them from the sup- 
pliers. I n  instruments where the rotation 
speed of the fan motor might conceivably 
cause a problem we shock mount the fan 
motor a s  a precautionary measure. 

The fan-blade assemblies are fabricated 
by techniques designed to produce assern- 
blies in balance both statically and dynami- 
cally. T h e  fins in a properly balanced assem- 
bly are  all aligned to operate in the same 
plane and all have the same pitch or angle 
relat~ve to the axis of the fan-motor shaft 
Troublesome fan vibration is niost often 
caused by an unbalanced fan-blade assembly 
Instruments undergo a check, before they 
leave our  factory, to assure that they have 
a mininiu~n of fan vibration. 

However, any rough handling of the in- 
strument can upset the balance of the fan- 
blade assembly by altering either the pitch 
or rotation plane (or both) of one or more 
of the fins 

Often you can restore the fms to t h e ~ r  
proper plane antl degree of angle by the 
following procedure : 

1. Check all fins to make sure they turn 
in the same plane by referencing a 
gauge bar (screw driver tip, pencil 
or etc.) within of one of the side 
edges of the fins. While maintaining 
a slight axial pressure toward the fan 
motor, slowly rotate the fan-blade 
assembly and note the clearance be- 
tween the gauge bar and the fin edges. 
If the fins are all turning in the same 
plzne, the clearance will be the same 
for  each fin. Correct any difference 
by grasping the tip of the offending 
fin between x thumb and forefinger 
and bending in the required direction. 

2. Con1p:ire the pitch of a11 fins by check- 
ing both sides of the fin cdges as ill 
step 1. Twist antl hentl the fins with 
thunib antl forefinger as necessary tc 
m:tke each side of each fin run ir 
its proper plane. Correctly done, tlii: 
should establish the s:me degree of 
pitch for each fin. 

If vibration still persists, remove the fan- 
1)latlc assembly from the motor shaft an( 

-un the motor. If the fan motor is the culp- 
.it, vibration will still be present but, most 
ikely, considerably reduced. This will in- 
licate that the fan motor, through wear, has 
leveloped excessive bearing play. More 
-arely, it may indicate :I defective motor 
In either case, the motor should be re- 
placed. 

Absence of vibration will indicate that 
the fan-blade assembly is too badly out of 
digntnent to be corrected by the means 
lescr~hed here. Under these circumstanceq 
you will no doubt find it most expedient to 
replace the old fan-blade assembly with a 
new one 

SERVICE HINTS 

T Y P E  551 DUAL-BEAM OSCILLO- 
S C O P E S  

Filament wiring change to increase power 
supply reliability-s/nls 101 to 2357. 

You can considerably reduce the possi- 
bility of heater-cathode breakdown in V734 
(6AU6 error-amplifier tube in * 500 v 
power supply regulator) by changing the 
heater of this tube from a grounded supply 
to an elevated supply. Type 551 'scopes, 
serial numbers 2358 and up incorporate 
this modification. 

T o  modify instruments in the field, re- 
move the bare wires connecting the fila- 
ments of V734 (pins 3 and 4) to pin 7 
(grounded) of V657 and the 6.3 v filament 
buss at pin 8 of V687. 

Also, unsoltler from pin 4 of V734, the 
hare wire coming from pin 9 of V616 and 
resolder it to pin 1 (grounded) of V619. 

Wire the filaments of V734, in parallel 
with those of V747. For proper access, you 
will probably find it necessary to unsolder 
one or two of the components mounted 
above the V747 socket. Unsolder these 
components at one end only and bend them 
up out of the way. If you find it necessary 
to remove the P T M  capacitor C744 (0.01 
pf) ,  unsolder it at both ends and tempo- 
rarily remove it. 

Use insulated or sleeved wire to connect 
pin 4 of V734 to pin 4 of V747. If you pay 
careful attention to lead dress, you may use 
bare wire when connecting pin 3 of V734 
to pin 3 of V747. 

After carefully checking the wiring antl 
lead dress, replace and resolder any compo- 
nents unsoldered for access. 

A resist:ince check should now show: Pin 
3 or 4, V734 to k350 v supply buss, approxi- 
~nately 100 k. Pin 3 or 4, V734 to ground, 
11 0 I< or  more. 

Correct the instruction tn;\nual (.power 
supply diagr;un) for the modificd ~nst ru-  

lent to show the filament V734 connected 
o the elevated ( i- 350 v) f ilatnent supply. 

r Y P E  535A, T Y P E  545A, T Y P E  RM35A, 
9 N D  T Y P E  RM54A OSCILLOSCOPES 

When operating the above instruments 
intl using Time Base B triggered in the DC 
node, tube V94 map go into oscillation. The 
)roblem can he overcome by tube selection. 
qowever, a very simple tnodification will 
cive a more satisfactory solution and elimin- 
lte the necessity to select tubes. 

T o  make the modification, locate R90. 
i 1.2 meg, 1 w, 10% resistor. You will find 
-his resistor connected between the 4th and 
3th notches (counting from the front of 
:he oscilloscope) of the ceramic strip located 
llmost directly over tubes V74 and V95. 
These tubes are in turn located on the 
swing-out chassis containing the Time-Base 
R Trigger and Generator, Delay Pickoff, 
and External Horizontal Amplifier circuitry. 
Replace this resistor with a 2.2meg, % w, 
10% resistor. Correct the instruction man- 
ual (Time-Base B diagram) to show the 
new value for R90. 

This modification applies to instruments 
with serial numhers below the following : 

Instrument Serial Number 
Type 535A 27860 
Type RM35A 2550 
Type 545A 33015 
Type RM45A 2760 

Respective instruments hearing serial nuni- 
hers above those listed here have this modif- 
ication incorporated at the factory. 

T Y P E S  (53/54) A, B. C-A, G, A N D  H 
PLUG-IN PREAMPLIFIERS-TRANS- 
CONDUCTANCE A N D  GAIN CHECK. 

I t  is sometimes difficult to determine in 
a low-level, low-gain, video amplifier stage, 
whether transconductance and gain are ade- 
quate or whether the tuhes should he re- 
placed. 

Here's a trick that works well in Telc- 
tronix Plug-In Preamplifiers Types (53/ 
54) A, B, and C-A for checking the in-cir- 
cuit transconductance of the input-amplifier 
stages, and in Types G and H for check- 
ing the output-amplifier stage, using a dis- 
play of the calibrator waveform or other 
convenient signal. 

The trick is si~nply to rotate the VAR- 
IARLE V O L T S K M  control over its full 
range with the GAIN ADJ control fully 
clockwise. If the range of the variable 
vol ts/cm ch;mges display ;implitrlde by 2%- 
to-1 or more, the transcontluctance of the 
tuhes in the affected stage is adequate. Tf 
the control range is less than 2%-to-1, the 
tuhes are prohahly weak and should hc 
chnngctl. 



T h i s  method will also work with the Type 
K and  L Plug-Ins( input amplifier check). 
I n  these instruments, however, the range of 
the variable volts/cm change in the display 
amplitude will be 2-to-1 (2%-to-1 with new 
360°, continuous rotation, potentiometer). 

TO determine the actual value of trans- 
conductance, set the VARIABLE VOLTS/  
CM control for exactly '/: maximum de- 
flection. Turn off the scope, remove the 
nlug-in and (after allowing several seconds 
f o r  the tubes to cool), measure the resist- 
ance across the VARIABLE VOLTS/CM 
ptentiometer terminals. Dividing this value 
of ohms into 2 will give you the average 
in-circuit transconductance (in mhos) of the 
two tubes whose cathodes are connected to 
the pot.. T o  convert to micro-mhos, move 
the decimal point 6 places to the right. 

Th i s  transconductance is set by the GAIN 
ADTUST control. which varies the tubes' 
cathode current. In instruments where the 
main amplifier gain has been set too high 
(and the preamp GAIN ADTUST set too 
low to obtain calibrated deflection), a full 
2%-to-1 (2-to-1, or 2%-to-1, in the case 
of the  Type K and L Plug-Ins) var-volts/ 
c m  range may not be obtainable at  the 
normal GAIN ADJUST setting. The solu- 
tion, of course, is to reset the oscilloscope 
main-amplifier gain to the standard 100 
mv/cm, using the Type TU-1 or TU-2 Test 
Plug-In, or a Type EP-53A Gain Adjust 
Adapter and then increase the preamp 
G A I N  ADJ setting to obtain a calibrated 
deflection. 

REMINDING YOU - 
. . . that  blue vinyl touch-up paint for Tek- 
tronix instruments (with the smooth tex- 
tured-not crackled finish) is available ir 
12 ounce pressurized spray cans (Tek no 
252-092). Price is $2.00. 

. . . that in high-speed pulse measurement and 
observation techniques, impedance mismatch- 
ing in coupling the oscilloscope to the signal 
source through coaxial systems must be 
avoided. Such a mismatch can have an ex- 
tremely important effect on the accurac) 
of the information obtained. 

6DJ8 CONVERSION 

Type 6DJ8 tubes are improved versions oi 
Type 6BQ7A tubes. They offer better per 
formance, more reliability and characteris 
tics more consistent from tube to tube an( 
between sections of one tube. You can us1 
6DJ8's as direct replacements for 6BQ7A': 
in most Tektronix instruments including 
those using aged and checked 6BQ7A's. 

In  most cases you won't have to chang, 
any circuits. Minor adjustments are, how 
ever, often necessary. They usually amoun 
to no more than routine calibration for thc 
circuits in which you replaced the tubes 
Your instruction manual describes how 
make these adjustments. 

A premium version of the 6DJ8 tube ir 
available as the Type 6922 tube. We  recom 
mend its use where optimum reliability i: 

mperative. Tektronix part numbers for 
hese tubes : 

(154-187) tube, electron Type 6DJ8 $2.75 
(154-195) tube, electron Type 6922 $7.35 

Zircuit changes necessary : 
rype 53C Plug-In Preamplifier, all serial 
lumbers : 

Reduce the gain of the first amplifier 
itage by changing R3553, R3573, R4553 and 
R4573 from 680 or 820 52 resistors to 470 52 
% w, 10% composition resistors (Tek no. 
302-471 ) . 
Type 315D Oscilloscope, all serial numbers: 

Install a NE-2 neon bulb (Tek no. 150- 
102) between pins 7 and 8 of tube V2. This 
-educes the possibility of a grid-to-cathode 
;hort in V2 when the instrument is first 
urned on. 

The MAG CENTERING control (R306) 
n the time-base amplifier may not have 
:nough range when using 6DJ8's. If it 
loesn't, change R300 from 200 or 220 k to 
5 0  k, '/2 w, 1% precision resistor (Tek no. 
309-109). Also, you may run into trouble 
]sing 6DJ8's in the time-base generator. 
[f you can't calibrate this circuit with 
jDJ8's installed, change back to 6BQ7A's. 

Type 524D and Type 524AD Oscilloscopes: 
These instruments, depending on the serial 

lumber, will require several of the following 
:hanges : 
411 serial numbers: 

1. Decouple the plate of V15B by adding 
a 47 52, I / z  w, 10% composition resistor 
(Tek no. 302-470) and a 0.005 pf, 500 v 
discap (Tek no. 283-001) as shown in 
Figure 1. This prevents the line-in- 
dicating video-output circuit from oscil- 
lating when V15 is a 6DJ8 and a 5252 
load is used. 

Figure  1. Type  524D/524AD Verti- 
cal Amplifier and Delay Line (par- 
tial schematic). 

2. Shunt C28 and C31, 9-180 or 7-45 pf, 
variable capacitors in the vertical ampli- 
fier, with 82 pf, 500 v, 10% ceramic 
capacitors (Tek no. 281-528). 

Serial numbers 1842 and below : 
1. Refer to Figure 2. Decouple the 120 v 

plate supply of V601B by adding a 
1.5 k, I w, 10% composition resistor 
(Tek no. 304-152) and a 0.02 pf, 600 v 
discap (Tek no. 283-006) as shown in 
Figure 2. 

Figure  2. T y p e  524D/524AD Time- 
Mark Generator for serial numbers 
1842 and below (partial schematic). 

2. Refer to Figure 3. Decouple the 120v 
plate supply of V601A by adding a 
1.8 k, 1 w, 10% composition resistor 
(Tek no. 304-182) and a 0.1 pf, 500 v 
discap (Tek no. 283-008) as shown in 
Figure 3. 

+ 3 a v  

Figure  3. T y p e  524D/524AD Time- 
Mark  Generator for serial numbers 
1842 and below (partial schematic). 

Serial numbers 1843 and up : 

Figure  4. Type  524D/524AD Time- 
Mark Generator for serial numbers 
1843 and  u p  (partial schematic). 

@ 1962, Tektronix, Inc. 
All Rights Reserved 



1. Refer  to  Figure 4. Decouple the 120 v 
plate supply of 1'601.4 by adding a 
1.5lc, l w .  10% co~nposition resistor 
( T e k  no. 304-152) and a 0.02 p i ,  600 v 

i discap ( T e k  no. 283-006) a s  s11on.n 
in F igure  4. 

2. Refer  to Figure 5. Decouple the 120 \- 
plate supply of V601B hy adding a 
1.81c, 1 w, 1070 composition resistor 
(Telc no. 301-1232) and a 0.1 p i ,  500 v 
discap (Telc no. 283-008) as sho\vn in 
F igure  5. 

F i g u r e  5. T y p e  524D/524AD T i m e -  
M a r k  Genera tor  for  serial n u m b e r s  
1843 a n d  u p  (part ial  schematic) .  

Serial nuuiibers 101 through 2154: 
Change C28 and. C31 in the vertical 
amplifier f rom 7-45 pf to 9-180 pf vari- 
able capacitors (Telc no. 281-023.) Shunt 
each with an 82 pf, 500 v, 10% ceramic 
capacitor (Telc no. 281-574). 

Serial numbers 101 through 5341 : 
Install t w o  neon bulbs, N E - 2  ( T e k  no. 
150-002) ; one between pins 2 and 3 and 
one between pins 7 and 8 of V222. This  
helps to  prevent grid-to-cathode shorts 
in tliis tube when the 521 is first turned 
011. 

Serial numlxm 101 througli 5899: 
Install two neon bulbs, NE-2  (Telc no. 
150-002) ; one between pins 7 and 8 of 
V23 and  one between pins 7 and 8 of V24. 
This  helps to prevent grid-to-cathode 
shorts in these t u l m  \vlien tlie 524 is first 
tur~iet l  on. 

Serial numlxrs  6650 m d  up : 
Change ROO1 froni a 1.2 k to 1.8 k, 1 \v, 
10% composition resistor (Teli no. 302- 
182). 

Serial numbers 101 t1iroud.r 6649: 
Refer  to  Figure 6. Shunt 17112 11y add- 
ing a 3 le, 10 w, 5% wire-wound resistor 
( T e k  no. 308-020) a s  shown in Figurc 
6. T h i s  limits the power dissipation of 
1.412 and V601. 

Type 52.5, srrial numl~ers .590 a~.rtl lx4ow : 
1. Change R19 in the calibrator circui 

f r o m  a 2.7 meg, to a 2.2 meg, T/2  w 
10% composition resistor (Telc no 
302-225). Readjust the C.41. A D J  I,! 
referr ing to your instruction 1ii;inu:11. 

2. Clxinge a11 6RQ7A1s in the sweep cir 
cuit to  6DJ8's at  the same time. 

F i g u r e  6. T y p e  524D/524AD L o w -  
Vol tage  P o w e r  Supply  al l  serial  
n u m b e r s  (part ial  schematic) .  

3. Change R353 from 10 I< to 12 I<, % vv, 
10% composition resistor ( T e k  no. 
302-123). 

4. Change R354 f rom 15 lc to 18 k, '/z w, 
10% composition resistor ( T e k  no. 301- 
183). 

5. Change R365 f rom 150 I< to 120 k, j /Z w, 
10% composition resistor (Telc no. 301- 
124). 

6. Change R366 from 150 k to 120 k, '/z \v. 
10% co~nposition resistor ( T e k  no. 301- 
124). 

7. Cliange wiring in the sweep ;is sliow~i 
in Figure 7. 

F igure  7. 

lieadjustments are necessary if you install 
6UJS's in the horizontal or vertical circuits. 
Refer to your instruction 1ii;unual. N o  re- 
adjustments are necessary if you install 
6DJ8's in the sync separator and trigger 
amplifier circuit. 

Type 531, serial 1iu1n1)ers 593 and I d o w  : 
Type 535, serial numlxrs 10.56 and below : 

Reduce the gain of the vertical amplifier 
1,y changing the catliode circuits of thc 
delay-line driver stage : 

1 .  Clieclc Ii.503, located I>et\veeti pin 8 o f  
\ 5 0 8  and pin 8 of V509. If it is 3.9 1; 
or  5.6 a, remove it and the 0.047 pi 
capacitor, C503, connected in paralle 
ivitli it. In place of tliis parallel corn 
hination put a series combination con 
sisting of ;I 1.2 lc, T/2  \v, 10% composi 
tion resistor (Teli 110. 302-122) and : 
100 pf, 500 v capacitor (Telc no. 281 
530). Shunt this series coml~il iat io~ 
with nnotlier 100 pf ,  500 v c:ip:icito 
(Tek  no. 281-530). 

2. Cliange the 10R resistors connecte~ 
hetn.cen pin 3 of 17.508 and \'SO9 an1 
the ceratnic strip with 39 R, % w, 107 
composition resistors ( T e k  no. 302 
390). 

rype 531A, serial numbers 5969 and below: 
Type 535A, serial numbers 6321 and below : 

There  is a possibility of vertical ampli- 
ier parasitic oscillations. This  appears a s  

step on the leading edge on an input 
quarewave (calibrator w a v e f o r n ~  for  in- 
tance). Prevent this by adding C560, a 
1.01 pf ,  500 v, discap ( T e k  no. 283-002) , 
tetween pin 1 and V558 and ground. This  
s a desirable change even if 6DJ8's a re  
lot used in the vertical amplifier. 

Type 541A, serial numbers 6475 to 7078: 
Type Rh.141, serial numbers 149 and below : 
Type 543, serial numbers 318 and below: 
Type 545A, serial numbers 9292 to 11904: 
Type RM15, serial numbers 208 and below: 
Type 551, serial numbers 596 and below: 

In the vertical amplifier (upper-beam 
vxtical amplifier of Type 551) change 
11033 f rom 1.5 k to 2.5 k, 5 W, wire wound 
-esistor ( T e k  no. 308-127) and R1223 from 
!.7 k to 4.7 k, 2 w, 10% composition resistor 
( T e k  no. 306.472). 

I n  the Type  551 lower-beam vertical 
mplif ier ,  also change R2033 and R2223 to  
.he new values. 

Readjust tlie vertical amplifier and delay 
ine according to your instruction manual. 
(This  S E R V I C E  S C O P E  article supersedes 
F M R  157 - 3/24/61). 

MISSING INSTRUMENTS 

Tektronix Field Engineer John Griff in 
,f our Stamford Field Office experienced 
I bit of bad luck recently. A Type  502 
Oscilloscope, s/n 5070, and a Type C-12  
Camera, s/n 348, with a Shutter  Actuator, 
Motlel 1 disappeared f rom his car. John did 
not authorize anyone to  remove these instru- 
ments f rom his car so we presume they 
have been stolen. 

If you have any information regarding 
these instruments, please get in touch with 
the Stamford Field Office. Their  address 
is 1122 Main Street, Stamford,  Connecticut. 
Phone numher-IlAvis 5-3817. O r ,  if you 
prefer, contact your local Tektronix Field 
Engineer. 

The  Olilahoma State University reports 
that a Type 561 Oscilloscope, s/n 409, along 
with a Type 72 Dual-Trace Plug-In Unit, 
s/n 397, and a Type 67 Time-Base Plug-In 
Unit, s/n 433, is niissing from the Electrical 
Engineering Department and is thought to  
he stolen. 

Persons with information regarding the 
\diereahouts of these instruments sliould 
contact : Gerald Stotts, Head Lab  Techni- 
cian, School of Electrical Engineering, 
Oklahoma State University, Stillwater, 
Oklahoma. The  telephone number is FRon-  
tier 2-6211, E x t .  322. 

Our  Cleveland Field Office notifies us of 
a missing Type 321, s/n 883. This  instru- 
ment disappeared from tlie Mrorden Road 
Plant  of tlie Bailey Meter Company in 
\\'iclclif fe, Ohio. 

Mr .  \i. S. Iiutherford of the Bailey Meter  
Company would lilce to hear f rom anyone 
who has information on the whereabouts of 
this instrument. Address information to  : 
V. S.  Rutlierfortl, Bailey Meter Company, 
\\'orden Road Plant, M'ickliffe, Oliio. 



USED I N S T R U M E N T S  W A N T E D  

1 3" o r  5'' Teli- Joliri J .  Arrngliost 
t r o n i s  scope. 1)eVry Teclinical Inst. 

1111 \\'est Belniont St .  
Cliicago, Illinois 

S e \ ~ e r a l  Type 511, .l:inies I';lliiier 
T y p e  512 and Engineering l lep:~rtme~it  
T y p e  513 Oscillo- G;union College 
scopes. I'esry S1111are 

Erie, Pet11isy1v:ini;i 

Several  general 13ob Jones 
~ ~ t ~ r p o s e  10 to 1.5 2106 E:tstern .Aveliue 
M C  Oscilloscoves, \\'esleyville, P:i. 

1 T y p e  310 or 
Type  310A 

1 Type  502 or  
T1y1e 503 

1 Type  .5141) or 
Type  310 

1 3  Sliinl~olt 
I h l i o  Corporation of 
r\nierica 
3301 South .Ad;um St .  
Marion, Indiana 

Tliom:~s .%. Rarr 
\\..4FG T I 7  
1000 S .  E. Monte Sano 
Iilvd. 
I-luntsville, Al:~hnm:l 

Joe Posten 
309 Benton Drive 
Intlian:\polis, Indiana 
l'llo~ic : T U  1-9771 

M. I'erez & Sons 
Television Service I.;\hs 
6475 M:lili Street 
Long Hill, Connecticut 
Phone:  AM 8-3766 

.A1 \\'illis 
70 Pilgrim Lane 
\\.cstl~ury, Long Island 
P l ~ o n e :  ED 1-5601 

USED I N S T R U M E N T S  F O R  SALE 

1 Type 521XIl. J c l - r ~ .  A.  1iich;lrtls 
s/n 6317 Chief Engineer 

\ \ 'GTE-TI '  
Toledo, Ohio 
I'lione : 531-1451, 
E s t  348 

1 Type 502, Col. I-Iosie 
s/n 1177 Lind Industries 

2 3 4  N o r a  Drive 
SIount:\in \-imv, Calif. 
Plione : Y0rl;sIiire 
8-0083 

1 Type .514D, Pete 1';ippns 
s/li 2812. 13lectronic I)evelopiiie~it 
Price $675.00 I~:il)or:\tories 

1 Type .521D, 4307 231-tl r\\.eiiue 
s/n 166.5. Long I s l m l ,  Ke\v 1'01-1; 
Price $77.5.00 I'lione : R.4 8-71 16 

Seller says both scopes in I~etter  tli:ui 
;\\el-age condition. 

1 Type 575, s/n Tr:\vis I-Io\vcll 
2103. I-Ins lind R.\\\'CO Ilistruniciits 
very little use. 1400 Riverside 1lrive 

Fort  \\'ortll, T e n s  

1 Type 551, 11s. I ~ e r ~ i e r  J .  \ \ ' d f i  
s/n 201 1 1I:wmic Xledic:\l 

2 Type C:$ I'lug- Iiesearcli L;tl)or:ltor1- 
Ins, s/n's 1 3 4 3  L-ticn 2, Serv York 
;ind 134-44 I'lione : KIT 5-2217 

1 Type K I'lug- 13oh Eillings 
In ['nit l:ltlor;~lo Electronic.; 

2871 Te~it l i  Street 
I!erldey, C:lliforni:~ 

T e k t r o n i x  F ie ld  E n g i n e e r  B o b  
Browning  w i t h  a Type 321 Oscil- 
loscope cal ls  a t  Cape  Canaveral .  

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a flllly-equipped and  properly-staffed T e k t r o n i x  I n -  
A-21 2 8  strunlent  Repai r  S ta t ion  near  you. A s k  y o u r  Field E n g i n e e r  about  Tekt ronix  Ins t rument -Repai r  facilities. 



USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 

N Y M B E R  14 PRINTED I N  US.A J U N E  1962 

HORIZONTAL SAMPLING THEORY 

E y  I-i;il Il;irtlenl~ergh ; until recently, 
:issigned to our \\'est 1-0s Angeles 
Field O f f  ice. 

T o  recreate a \va\;eiorni using s:tmpling 
tecliniques, s;tmplcs niust 11c tdien over tlie 
entire w;\veform. Taking n s:\mplc o i  the 
1e:iditig edge of tlie \vnvefortii is easy; :I 

trigger circuit is used to trip n strolx pulse 
gcner:ltor directly. -4 hlocle di:\grn~ii of 
this systc~ii  n;oultl t:ike this form : 

Figure 1 

In practice, the system represented 1)y 
tlie 11locl; diagr:\m ;il)ove I\-oultlii't Ire :hlc 
to sample on  the very front of the \v:\ve- 
io rm,  lxcause oi the finite time delay in 
the tr igger and strol~e generator circuits. 
Therefore,  ;\ time tlclay niust I,e intro- 
tluced I~etween the triggcr input and the 
sampling circuit. If the vertical signal in- 
put is 50 11, :\ 50-Q coax c;ihle  nay I)c usetl 
to obtain the necessary tlel:ly. 12 delay of 
;~pproxitii:ltely 50 n:uiosec, representing :~ho~i t  
33 feet of 5042 coax, is generally usetl. 

Figure 2 

Al~l lough  tlie system reprcscntetl 11y Fig.  
2 \vould l,e ;tl)le to sample ;ui incoming 
\\-;\vefo~-m on its leading etlge, i t  prolml~ly 
\voultlnJt lx ;hie to s;uiiplc in the middle of 
the w:lveform, or  :it the trailing edge. 
Practical trigger circuits can genei-ally 
"recognize" o~l ly  tlic Ic:ding edge (or  tr:\ti- 
sition) of a w:\vefortli. In order to sample 
in the ~nitltllc of the n.:ivcfor~ii, a time tlel:\y 
must 11c inserted 1)etn.een t l ~ e  trigger cir- 
cuit :wtI the stro1)e gciierator. 

Since long time delays may I,e neces- 
sary ( u p  to a millisecond) and since the 
delay slloultl 11e continuously v;u-iablc, an 
electronic t lehy is usetl. Tlie strobe gen- 

x i t o r  is now tripped by the del:~yctl t~- ig-  
~ c r  output of the ~ i r i a l ~ l e  tlel:cy circuit. Ti 
1 sufficiel,t range of tlel;iy is avail;il)le, 
iamples may no\\ be taken over the entire 
i\-:1vcforrn. Our  block diagram no\v talccs 
Illis io rm : 

Figure 3 

Function:dly, this varial~le delay circuit 
is identical to the delayed trigger pick-off 
in the Telctronis Type .535/.535A Oscillo- 
scopes. Tlie trigger circuit recognizes t l ~  
incoming \wveform :tnd initiates a voltngc 
ramp or sweep. Tlie voltage ramp is 
fed into n cornp:\rison circuit, o r  com- 
p:u-ntot-, aloilg with a D C  voltage. 11'1ic11 
the rntnp rc:iclies the level of the TIC volt- 
qge, tile cornpal-:\to~- puts out ;\ trigger pulse 
called the del:tyed trigger. Tlic time tlcl:\y 
I,et\vcen the trigger input :ind the delayed 
ti-igger orltpxit may Ix c1i;lngetl 1,y varying 
eitller tlic D C  voltage or the slope of tlic 
r:~~iip. IJsunlly the DC volt:\ge is cI1:iiigctl 
(Iry the DET2.4Y TIME Ixlipot on the 
Type 53.5 or  Type 585.4) to ol~tnin a \.ernier 
tlelxy, :iiltl the slope of tlic r:inip is c1l:inged 
to c h n g e  the range of the vernier. A I,locl; 
tli:\gr:~m of the delayed trigger cil-cuits in 
the T:-pe 535 or  Type 535.4 would take 
this form : 

$- D.C. Volf.8. 

- 

Figure 3 

T h e  delays needed in sampling systems a re  
generally much sllorter tllan tlrose a\:til- 
;il)lc f rom the tlclayetl trigger of n Type 
535 o r  Type 535A; tllerefore, the circuitry 
is different. 1-lo\\-ever, a vo1t:tgc ramp, now 
c:illctl the "f:\st r:tmp," is still comp:iretl to 
:i v:iri:\l~le I IC voltage to ohtain the vari;ll,le 
time delay needed to s:i~iiplc :iloi~g the 
full lengtli of our waveform. Our  sampl- 
ing system 1rlocI.r tli:\gr:\m now t:il;es the 
iolioiving form : 

: D.C. "OIL... 

Figure 5 

Ti the TIC voltage in the almve 11locl; di:i- 
:r:1111 is i~>cre;isctl each time :I s:\rnple is 
aleen, comp:irison \\.ill take pl;\ce progres- 
;ively furtlicr :dong the f:tst r:uiiI). Thus,  
here is :L progressive increase in the time 
lelay I)et\\-cen recognition :iiitl s:impling. 
This causes c:\cli s:mple to he t:il;en on :I 

lifferctit part of the incoming signal. 
A complete s:lmpling system, t l~ereforc,  

~ncludes an iiicreniental volt:ige-advat~cil~g 
5rcuit  o r  "st:~irc:tsc generator." The  stair- 
:ase generator is made to :ctlv:ince one in- 
:remen1 immediately after  ex11 sample is 
t:~l;en, 1)y feeding the delayed trigger output 
nf the comp:ir:itor into the staircase gener- 
\tor. By advancing the stairc:\se immetli- 
xtcly af ter :I s:mple is taken, the stairc;ise 
generator is given the m:lsimu~ii time to 
I-each its ~ i e w  D C  level before the next 
I r ~ i e s .  \\'e no\v substitute ;\ stair- 
case gciicr:ttor for the variahle DC voltage 
in our block diagram : 

7 .  

I l ie  r(wI tirr~c spacing is determined only 
11y the repetition rate of t l ~ e  w:\veforrn ( u p  
to the ni:lsimum s:im])ling rate of tlie oscil- 
loscope). T h e  c q ~ & ~ r l c ~ ~ t  firrrc spacing is 
cletcrminetl only 11y the fast ramp slope and 
the aniplitude of each stairstep. Therefore, 
the ~~qziiz~irlcnt tirrrc o i  :t s;rmplirlg disphy is 
intlepcntlent of the reill firrrc of the displ:cy 
:inti vice-versa. 

\\'hen \ve reconstruct tlie shape of a wave- 
iol-m on  the C I i T  o i  a s;impling oscilloscope, 
\ve in effect preteiltl that a11 of tlie samples 
coiit;\ineti in o ~ l c  s\vecp xverc taken on one 
w:~vcform. 'l'liercfore, the tiiiie/tliv tali- 
I~rat ion of ;I s:~iipling scope is in eq~rie~irlrnl 
firrr~. 

If the fast r;inip is :l line:ir volt:igc/time 
r:imp and if the stairstep is :\tlv:uncetl in 



u n i f o r m  increments, the spacing of the 
samples along the incoming waveform will 
he uniform in equivnltwt tili~e. 

T o  understand tlie meaning of "equivalent 
time," consider tlie following case: If we 
reconstruct a repetitive pulse 12 nanoseconds 
w i d e  by taking 12 samples, one real time 
hetween successive samples depends on the 
repetition rate of the waveform. However, 
by using our 12 samples to reconstruct a 
picture of the waveform, we a r e  in effect 
pretending that all of the samples were 
talcen on one pulse. If this were true, the 
t ime  het~veen samples would be only one 
nanosecond (12 samples along our 12 nsec 
pulse) .  This  is tlie eqzci.rvle,~f fiiiw between 
samples. 

Figure 7 

, . l o  I-econstruct a waveforni, the samples 
must 11e spaced horizontally in tlie proper 
t ime sequence. This  is done by feeding the 
stairstep into the horizontal aniplifier so 
that  the trace moves one increment horizon- 
t:\lly a s  each sample is taken. The  relation- 
sliip 1)dween tlie increment of horizontal 
tlistnnre per sample and the equivalent time 
1 1 ~ s  s;i~nple will determine the (equivalent) 
s\vecp time/div. Adding this function to  
ortr 1)lorli diagram, xve now have : 

Figure 8 

To take a specific ex:lmple, suppose that 
tlic. :cmplitutle of staircase going into tlie 
c~)mp;lrator  is -50 mv/step, \vhcre one step 
ylu:llb one s;imple. I i  the fast ramp rises 
>O mv/iisec, the equivalent time per sample 
 ill lw one nsec. 

Past ~ a r n p :  

- - - - - -7-  

If we adjust the gain of the horizontal 
amplifier so that each step advances the 
trace horizontally 1 millimeter, 10 samples 
(a t  an equivalent time per sample of 1 nsec) 
will be required per c m ;  the slveep time/cm, 
therefore, will he 10 nsec. 

In other \vords, the (equivale~it) time per 
s:lmple, times tlie number of samples per 
division, equals the (equi\;alent) time per 
division : 

Returning to our specific example, let's 
see what happens if we leave the fast ramp 
and tlie horizontal gain unchanged, but 
change the amplitude of each stairstep from 
50 mv to 100 mv. This will result in a hori- 
zontal step of fwo mm/sample or  5 samples/ 
cm. The  equivalent time/saniple will in- 
crease from 1 nsec to 2nsec. T h e  resulting 
time/cm may now be calculatetl : 

Changing only the amplitude of each step 
within the staircase generator does not 
affect tlie time/cm calibration of the crt  dis- 
play-only the equivalent time between 
samples. However, attenuating the overall 
amplitude of a given staircase to the com- 
parator will decrease the time/cm by an 
amount equal to the attenuation. 

\\'elve heen using a staircase to sample a t  
various points along a waveform (common 
pr:lcticc is to say that the strobe pulse 
"slews" alojig the wavef ortn) . Under cer- 
tain conditions the stairstep waveform won't 
resemble its namesalce very closely. Actually, 
tlie staircase advances one step per sample, 
so that if we plot the voltage versus the 
number of samples taken, the graph loolis 
like this : 

Figure 10 

If tlie incoming waveform repeats at  reg- 
ular intervals, the spacing of the steps on 
tlic staircase will he uniform in real t ime;  
tlie waveform olwrvetl  on a conventional 
scope will loolc like this : 

Real Time 

Figure 11 

I-Iouever, if the incoming waveform re- 
-us< at  an irreqular rate, the spacing of the 
iamples (:uid steps) will he non-uniform in 
1-eal t ime.  

Real Time 

Figure 12 

Therefore, do not expect the stairstep 
nlr~jtrys to looli like a uniform stairstep when 
ohserved in irol  fiii~e. Xote that irregular 
spacing of samples in rcol tiiirr will not 
cause irregu1:ir s p ; ~ i n g  in rq~tizulrnf fimr, 
since the equivalent time calibration is in- 
dependent of tlie repetition rate of the in- 
coming \v:ivcform. T'roblenis will arise, 
lio\vever, \vhcn equivalent time phenomena 
:we vic\vcd on a real time (conventional) 
oscilloscope. 

MEASURING N-PORT 
PARAMETERS OF NETWORKS 

Research engineers a t  Page  Communica- 
tions Engineers, Inc., \\'ashington, D. C., 
a subsidiary of Northrup Corporation, have 
developed tecliniques i o r  measuring n-port 
parameters of nct\vorlcs with the aid of the 
Tektronix 1'6016 Current Probe and Type 
131 Amplifier. Used together with a conven- 
tional voltage probe and either a dua-beam 
o r  electronically switched du:tl-channel oscil- 
loscope, with the time hnse synchronized to 
the vol~agc-input c l~a~ine l ,  the current-probe 
channel provides hot11 magnitutlc :und phase 
me:lsurements. \\'it11 known terminations, 
such as open cil-cuit and short circuit, a 
complete set o i  complex n-port parameters 
for the component z, y, and 11 matrixes can 
easily be tlctcsmined. 

Since the Telctronis Current  Prohe in- 
serts very little reactance in the lead under 
test, short-circuit current measurements a r e  
fensihle. Similarly, driving current and 1o:ltl 
cul-rent c:ui usually be tleterminccl directly 
with little extr;uieous effort .  I n  gencl-al, 
since the current probe disturhs the meas- 
urement less than the sliunt c:ipacitance of 
the volt;~ge prohe, the curl-ent prohe sliould 
usu;llly be clipped to a Ic:d directly into tlie 
nct\vorlc, \vliilc the voltage pro l~c  slioultl he 
on tlic ge1ier:itor side, ~ i o t  the net\vorli side 
of tlie current prol)c. 

0 1962, Tektronix, Inc 
All Rights Reserved 



SLAVING TYPE 560-SERIES SCOPES 

In response to  customer interest, Russ 
Fillinger, I'roject Engineer v-it11 the Metli- 
cal-Instrument Development Group li:ls co111e 
up \vitll a ~nctlrod of slaving one Type 560- 
Series scope to another. Cost is Ion. and 
minor modifications a re  required on the 
iiislruments, 

The Master  scope must furnish four 
sig~ials to the Slave scope : 

1. lTert ical  signal (single, dual, or foul- 
trace) 

2. Sweep sawtooth 
3. Deflection hlanliing ( for  s\vecp re- 

trace) 
4. TI-ansient-spike 11l;lnking to C R T  

cathode ( for  dual-and four--tr:ice 
:~pplications) 

hlodificntions required on the Master 
scope-I-ef e r  to  ;rccompanying diagrnni : 

1. Ve~licc11 .Sysfe~~l 
A. Plug-in 

(a)  Iniprove tr;wsient response 
o i  inter~xtl trigger C.F. ) F o r  
T!,pe 72 ~semove C487 and 
replace \\.it11 l..5 to 7 pi  vari- 
al~le.)  

13. ludicator 
( a )  Bring out vertical signal 

from pin 11 of the indicator 
left-side Amplienol con- 
nector (or  pin 12 of the 
right-side Arnplienol con- 
~ iec tor )  to the vertical input 
connector of the Slave. 

(I)) Bring out chopped transient 
blanking signal from pin 21  
of the indicator leit-side 
Amplienol coniiector to pin 
24 of the left-side Amplien- 
ol connector of the Slave in- 
dicator. ( F o r  convenience, 
tlie first notch on the cer- 
amic strip under the HV 
supply may I)e used instead.) 

2. I-ioli,-olltc~: Systeill 
A .  Plug-Ill 

(a) Patcll s~veep  signal to pin 

24 of  right-side Amphenol 
contiector ( in Type 67 in- 
stall a lead from tlie eatli- 
ode of lT333.A to pin 21  of 
the Amphenol plug). 

(17) For  fast s\vceps in Type 67, 
it may be necessary to de- 
crease R138 to co~npensnte 
for adclitio~xd capacitive 
loading. 

I3. Indicator 
( a )  Bring out sweep signal 

from pin 2 1  of the right- 
sitle .41nplienol connector in 
the indicator to tlie hosi- 
zontal iiiput connector of the 
Slave. 

(1)) Bring out sweep I~lattking 
signal from pin 13 of the 
right-side A~npllenol con- 
nector of the indicator to 
pin 13 on tlie left-side Am- 
phenol connector of tlie 
Slave indicator. 

Moilificntions required on tlie Slave plug- 
ins a re  : 

1. Cut tie s trap between pins 13 and 
14. 

2. Remove ground strap from pin 4 
(tnay not be present in early units) 

P,y doing Steps 1 and 2 on hot11 Slave 
plug-ins, you malie tliem interchangeable 
from sitle to sitle in the Slave indicator. 

Russ used :L 561/72/67 for  the Master 
;i11d :1 .561/60/60 for  n Slave. The Master 
I1 :d  n frequeticy response of a p p r o s i t ~ ~ a t e l ~  
6.50 k c ;  the Slnvc 390 kc. You may ~visli to 
Ilse :I .561/.59/59 combination for econom).. 

T-ine:lrity of  signal \\-ill I x  appl-osimatcly 
*(I% in 8 cm 11ec;tuse we a re  using a single- 
ended s:umple of the vertical signal from 
tlie l l as te r .  linear it!^ is tlepei~dent on the 
c ~ u t l ~ ~ t  st:\ge of the Master plug-in. 

You 111:1!. wish to install connectors on the 
hack pmel of the indicators. I f  so, you're 
cautioned that in this case we Iiinited our 
c o ; ~ s  length to four feet. 

USED INSTRUMENTS WANTED 

1 Type 121 H a r r y  \\'. Hammond 
1're:uiiplifier 1095 Arlington Ave. 

Teaneck, New Jersey 

1 Type 310, I'hil Boch~ne 
316, 317 or U.S.  S a v y  Electronics 
321 Oscillo- 1~:~l)oratory 
scope Code 2623 

San Diego 52, California 

1 Type 531 or  A l e s  Levin 
Type 53.5 13use:ku of Ships 
\\.it11 a Plug- Code 679C3F 
In Pre-  \\':tshington 25, I). C 
amplifier 

1 Te1;tronis 5" G. Servos 
crt oscillo- 686 Fairview .4venue 
scope. TIC to Elnillurst, Illinois 
10 MC. 

1 T ~ y x  502 S .  \\:inston 
101 M S  U.C. Medical 
Center 
San  Francisco, Californi;~ 

1 l '~1)e  310 or  J . ~ m e s  F .  Bocliclman 
Type 321 Aircraft  Space 

Electronics 
Apalacl~icoln, Florida 

1 Tektronis  Robert E. Jones 
General Pus-  2 4 6  E ~ s t e r n  Avenue 
pose Oscillo- \\'esleyville, Pa.  
scope (10- I'lione: T\\' 9-3456 
15 I l lC .  

USED INSTRUMENTS FOR SALE 

1 Type 575 Ortho Industries, Inc. 
Transistor 7-1 1 Paterson Street 
Characteristic Paterson, New Jersey 
Curve 
Tracer,  
s/n 3565 
Owner says this instrument was used 
only briefly to evaluate 24 transistors. 
Price $800.00 

1 Type 127 Frank  G. Carpenter 
Power Assoc. Professor of 
Supply P1iysiologp 

1 Type  E D:wt~noutli Medical School 
Plug-In Unit Ilanover, S e w  Hampshire 

1 Type 541A, Sprague Engineering Co 
S/II 21509, 18435 Susnna Road 
with a Type Compton, California 
L Plug-In 
Unit, s/n 
11618 

1 Type 517, Ian Isdale 
s/n 625. \\'ill 82.5 Tall Timber Road 
sell o r  trade Orange, Connecticut 
for  either a 
Type 545A 
or  Type 585 
and cash 



1 T y p e  316, 
s/n 187 

1 T y p e  181, 
s/n 259 

1 T y p e  517, 
s/n 1680 

1 T y p e  512 
with f lat  
faced crt. 
Pr ice  $275. 
F . 0 . B  San  
Francisco 

Dale Brocker 
3008 Lakesl~ore Avenue 
Apartment 6 
Oalcland. California 

Jolin Iviiney 
Room 2001 
1428 Soul11 Penn Square 
Philadelphia 2, Penn. 
Phone:  L O  3-6531 

S.  Winston 
104 M S  U.C. Medical 
Center 
San  Francisco, California 

MISSING INSTRUMENTS 

T h e  University of Alabama reports a 
Tekt ronix  Type 503 Oscilloscope, serial 
tlumber 759, as  missing fro111 tlieir Elec- 
trical Engineering Department. They gre- 
sume it to be stolen. Information concern- 
ing  this instrument should be sent t o :  
\\!illard F. Gray, I lepar tmcn~ of Electrical 
Engineering, University of Alabama, 
University, Alabania. 

A Tektronix C12 Camera, serial number 
008-980, belonging to the Co1uml)ia Univer- 
sity in New Yorlc City disappeared f rom 
the University aiitl is p resu~~ied  to be stolen. 
Information concerning the \vhere;il~outs of 
tliis camera sl~ould be sent t o :  Tcktronix, 
Inc., 840 Willis Avenue, Albertson, Long 
Island, New York. 

O u r  Chicago Office notifies us that a 
Tektronix Type 310.4 Oscilloscope is miss- 
ing from tlie Gencr:il Electric X-Ray Divi- 
sion in Chicago. This instrument is also 
believed to I x  stolen. If you llave any in- 
formntion pertinent to this instrument, please 
no t i fy :  Tel<tronis, Inc., 400 Higgins Road, 
P a r k  Ridge, Illinois. 

QUESTIONS FROM THE FIELD 

Q. When using 1ny Type 543 a t  the fastest 
sweep speeds, the trace intensity is not 
uniform because of a 5-volt dip in the 
unI~l:unliii~g \vnveform. This intensity 
nonlinearity sometimes malies it difficult 
to take satisfactory photographs of the 
crt  display. \\'list will cure this? 

A.  Types 533 and 543 a i te r  serial numbers 
3000 were inotlified to overcome this 
problem. You c;ui m:tl.rc the motlifica- 
tion to the s\vccp-gating multivi1)rator 
in the time-basc-generator circuit o f  your 
instrument. Simply replace L 133 \z.ith 
a stsap. Connect an 8 pf, 500 v, ceramic 
(Tcktronis  ?;o. 281.503) I~et\vecn pin 8 
of \-I35 anti the junction of R133 :ml 
I1 131. 

Q. The multivil~rator in my 53/54C and 
C A  Plug-In Cnits  will not self-start 
\vlien the units :ire nxrrning up in the 
C H O P I ' E D  mocle. H o w  can I correct 
this problem? 

.A. This prol~leni \\.as solved 1)). :t modifica- 
tion inst:tlletl in CA units with serial 
~ i u n ~ l x r s  ahove 34790. You can correct 
tlie condition in C.4 units I~elon. tliis 
number and in 53/54C units, all serial 
numl~ers, by adding 113383, a 330 I<, % \v, 
lo%, comp. resistor (Te1;tronis No. 
316-334) I~ct\veen the cathotle of V3382* 
(6AL5, pin 5) and 1 2 2 5  v. 

The 6AL5 caused the prol~lem. I t s  
c;tthotles \\.ere returned to -150 v 
through :i 1.8 megolim resistor located 
in the oscilloscope (via pin 16 of the 
interconnecting plug). Tliis resistor pro- 
vided a current source for tlie GAL5 
t l ~ t t  tcndctl to 1);il:mce the mulli (X73375, 
12.AT7) plates ; 1)oth halves s:1tur;itcd 
:tnd pre\.entcd multi actioi~. T h e  330 1,- 
rcsistor forms :I divider thxt biases off 

tlie tliodcs. 
*V3803 in Type 53/54C L-nits. 

Q. \\'hat c:m I do to correct intensity mod- 
ulation (notice:~hle al  some sneep  speeds 
~vhen  usir~g lotv intci~sitj,) on my T J ~  
321 Oscilloscope? 

.4. Change C8.52, an 0.01 pf ,  1000 v, Hicap 
c:\pacitor to an 0.02 p i ,  1400 v, DC, Type 
U cnp:tcitor (Teliti-onix KO. 283-022). 
Type 321's af ter  s/n 1389 have this 
motlif ication. 

PINPOINTING INFORMATION 
O N  POLAROID PRINTS 

Figure 1 

Use  a ciraftsman's thin ~iietal  er;lsing shield 
and all eraser (an  electric eraser is idc;~l 
if you're lucky e11oug11 to 1r:tvc one 11:uitly) 
to  label o r  pinpoint infor1i1;~tion on Po1:tr- 
oid * L:wl prints. The  shieltl :ind eraser 
will enable you to er:tsc through the print 
to  t l ~ e  untierlying n.11ite paper I'ou c:in 
erase a u x y  :t portion of the print to form 
:ui arro\v 01- :I sp:\ce to \vrite in :i I ~ L I I I I ~ I C I -  

o r  a brief descript io~~.  See Figure 1. 
* IPolaroid is ;I rcgisteretl tl-;dem:trl.r of tile 
Polaroid Cor1)or:ition. 

Tektronix Instrument-Repair Facilities: T h e r e  is a fully-equipped a n d  properly-staffed Tekt ronix  I n -  
A-2131 s t rument  Repair  S ta t ion  near  you.  A s k  your  Field Engineer  about  T c k t r o ~ i i x  Ins t rument -Repai r  facilities. 6/62  
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SAMPLING OSCILLOSCOPES AND THE 
SLIDE-BACK BALANCED-BRIDGE 

TECHNIQUE 

For those unacquainted with the term 
"sampling oscilloscope", a brief explanation 
may be in order. 

A sampling oscilloscope measures recur- 
rent waveforms point-by-point in progres- 
sive steps much as you would plot a graph 
of amplitude vs. time with a series of points 
on graph paper. Unlike a conventio~lal 
scope display where one signal conlpletes 
one picture, sampling uses up to 1000 indi- 
vidual amplitude-vs.-time points taken elec- 
tronically. Each point on the plot is called 

a sample. After each repetition of the sig- 
nal the circuit, which samples and measures 
the input waveform, is told to measure the 
next recurrence a small increment of time 
later on the waveform than the preceding 
sample. The process of advancing sampling 
time in regular fixed increments is some- 
times referred to as "strobing". For each 
increment of strobing, the voltage present 
on the input at  that particular instant is 
measured--or as we say "sampled"-and 
simultaneously plotted as vertical deflection 
on the crt. At this same instant the hori- 
zontal motion of the display moves an in- 
crement of time in synchronization wit11 the 
strobing signal. In this manner, a rc- 
constructed signal is reproduced on the crt. 

Figure 1 

Sasic b l o c k  diagram of circuitry used in 

the Slide-Back Balanc~d-Bridge technique. 

0 

(b) 0 O 0 

( c )  O O O 

SWEEP MAGNIFIED 

IbOP GAIN = 1 
SAMP. EFF. 

LOOP GAIN < 1 
SAMP. EFF. 

M O P  GAIN > 1 
SAMP. EFF. 

SWEEP UNMAGNIFIED 

Figure 2 

Dot transient response of input circuitry with different loop gains. 

What we see is actually an amplitude-vs.- 
ime, point-by-point graph. The recon- 
structed signal is much slower than the 
xiginal signal. Thus, it can be handled 
by conventional, low-speed, high-gain anipli- 
fier circuits. 

Several techniques are available for ob- 
taining the point-to-point measurements of 
the applied recurrent waveform. Of these, 
the Slide-Back Balanced-Bridge technique 
offers certain distinct advantages. These 
are: better accuracy, improved linearity 
and dynamic range, and more effective sup- 
pression of noise-the balanced diode gate 
allows first order cancellation for noise on 
the interrogate spike. 

Three Tektronix Oscilloscopes employ this 
technique in their vertical circuits. They are, 
the Type 661 Pulse Sampling Oscilloscope 
and (when combined with a Type 3S76 
Dual-Trace Sampling Plug-In and a Type 
3T77 Sampling Sweep Plug-In) the Type 
561A and Type 567 Oscilloscopes. 

Look at  Figure 1. I t s  a basic block dia- 
gram of the circuitry used in the Slide- 
Back Balanced-Bridge technique. I t  works 
like this : The input signal is applied through 
the 50-ohm delay line to the Sampling Gate. 
(The Sampling Gate is a balanced diode 
bridge which acts as a gate for the signal, 
so you'll hear it referred to variously as 
the Sampling Gate and as the Sampling 
Bridge. In this article we'll refer to it, and 
other circuits like it, as gates. When a gate 
is "open", the signal can pass through ; when 
a gate is "closed", the signal cannot pass 
through.) 

The waveforms shown in Figure 1 illus- 
trate the operation of the circuit for one 
sample. As you can see, the entire differ- 
ence signal applied to the input does not 
pass through the Sampling Gate during the 
time it is open. This is due to diode re- 
sistance, circuit capacitances, gate-opening 
duration, etc. The ratio of the signal out 
of the gate to the signal into the gate is 
called the "sampling efficiency." The wave- 
forms shown are based on a sampling ef- 
ficiency of 2596, which is typical. 

Waveform A indicates that the input sig- 
nal has jumped from ground to + 1 volt 
since the last sample was taken. Therefore, 
when the Sampling Gate opens, the AC 
Amplifier sees a difference signal of 1 volt. 
However, the AC Amplifier input is able to 
move only 0.25 volt before the gate closes 
again (waveform B) .  After the gate closes, 
the AC Amplifier input immediately begins 
to return toward zero. The AC Amplifier 
has a gain of minus four, so because its 
input was moved positively 0.25 volt, its 
output swung negatively one volt (wave- 
form C). The Memory Gate is also open 



a t  th is  time so this -1 volt swing is ap- 
plied to the Memory. The Memory is an 
inverting Integrator with a gain of one. 
I t s  output (waveform D )  is applied through 
the feedback circuit to the input of the AC 
Amplifier. So this brings the AC Anipli- 
f ie r  input up to +1 volt and it is now 
ready for the next sample to he taken. 

N o t e  that there is some tiine lag hetween 
the closing of the Sampling Gate and tlie 
arrival  of the feedback voltage from the 
Memory output, as shown by the slight 
decay in waveform R before Memory out- 
put takes over. This is normal. 

Af t e r  the AC Amplifier has amplified 
the 0.25-volt step of Waveform 13, its out- 
put decays back toward zero. The low- 
frequency gain of the AC Amplifier is 
low enough that it ignores the relatively 
slow change applied by the Meniory at its 
input. 

I t  can be seen that the gain of the AC 
Amplifier, Memory Gate, Memory Loop 
must be equal to tlie reciprocal of the sani- 
pling efficiency for the AC Aniplifier input 
to  be brought exactly to the level of the 
last input sample. Figure 2-waveform A 
shows the "dot transient response" of the 
circuit to a step input signal when the loop 
gain is properly set. If the loop gain is 
less than the reciprocal of tlie Sampling 
Efficiency, the response of the circuit to 
a step input will look like Figure 2 - 
waveforni B. At  each sample, tlie AC 
Amplifier input will be brought up only part 
way to the input signal amplitude, and it 
will take several samples before the output 
attains the same level as the input signal. 
Figure 3-waveform C shows what tlie 
output will look like if the loop gain is 
too high (by a factor of less than two). 
In  this case, tlie output will overslioot the 
input signal on the first sample, underslioot 
the input signal on the second sample, over- 
shoot on the third, etc., until the aniount 
of overslioot and undershoot heconies negli- 
gible and the output settles down to the 
same level as the input, If tlie loop gain 
is too high by a factor of more than two, 
the output will overshoot and undershoot 
tlie input by increasing rather than de- 
creasing amounts on each sample. In this 
case, tlie loop will be driven into saturation 
first in one direction and then the other, 
and there will be no useful output. 

T o  increase the sensitivity of the unit 
(VOLTS/DTV), we need to increase the 
output of tlie Meniory relative to tlie input 
signal. This is relatively simple; we can 
just increase the gain of the AC Amplifier. 
But as mentioned above, this gets us into 
trouble back at the input. So  we must at- 
tenuate the feedback signal by exactly the 
same aniount as we increase the AC Anipli- 
fier gain. Thus, if we increase the AC Am- 
plifier gain to 20, we'll get five volts out 
of tlie Memory for each volt of input signal. 
Then we'll use a 5X attenuator in the feed- 
back network to keep tlie proper relation- 
ship across the Sampling Gate. It's the 5 
volts that goes on into the Vertical Ampli- 
fier to drive the crt, of course. 

Editor's N o t e :  Aztthorship of this article 
can hardly be attributed to any one person 
Rather,  i t  i s  the result of the joint e f f o r t s  
o f  the people zwlzo co~itprise tlze T e k t r o n i s  

Field Training group. P a d  Thompson of 
flzis group i s  responsible f o r  tlze literary 
~ f f o r f s  and the basic discussion i s  adopted 
f r o w  a seillinar originated b y  the Field 
Training people and condzccfed b y  their 
Bob Sadilek. 

NEW FIELD MODIFICATION KITS 

T Y P E  502 VERTICAL-SIGNAL-O1;T 
MOD K I T  

This modification provides a rear panel, 
direct-coupled signal out from each vertical 
amplifier. Output level is approximately 
2 volts for each centimeter of crt deflection 
Output impedance is 200 Q. Installation 
tiine is approximately 3 hours* for instru- 
ments below serial number 1667 and approx- 
iniately 2 hours for  instruments above serial 
number 1666. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Teli- 
tronix part number 040-284. Price $18.50. 

T Y P E  507 S ILICON R E C T I F I E R  MOD 
KIT-For Type 507 instru~nents with serial 
numbers 101 through 21 1, 
and ; 
T Y P E  575 S ILICON R E C T I F I E R  MOD 
KIT-For Type 575 instruments with serial 
numbers 101 through 4919. 

These modification kits replace the orig- 
inal selenium-rectifier staclis of their re- 
spective instruments with a silicon-rectifier 
assembly. Silicon rectifiers provide better 
reliability and longer life. Approximate in- 
stallation times are  1 hour* for the Type 
507 and ao~roximatelv 45 minutes* for tlie - - 
Type 575. 

Order through your local Tektronix Field 
Enrrineer or Field Office. Swc i fv :  - A - 

For the Type 507-Tektronix part number 
040-259. Price $25.00. 
Or,  
For the Type 575-Telitronix part number 
040-223. Price $29.75. 

T Y P E  RM503 A N D  T Y P E  RM504 R E A R  
VERTICAL A N D  HORIZONTAL IN-  
P U T  MOD K I T S  

Two separate modification kits-one for 
the Type RM503 and one for  the Type 
RMSOGsupply coax-cable assemblies for 
adding Vertical and Horizontal Inputs to 
tlie rear panels of these instruments. These 
rear-panel inputs parallel the front-panel 
inputs and introduce an  added input capaci- 
tance. Because of this additional capaci- 
tance, standard passive probes, when used 
with these modified instruments, cannot be 
conipensated. 

Installation requires approximately 45 
minutes* for  the RM503 and approximately 
30 minutes* for the RM504. 

Order through your local Tektronix Field 
Engineer or Field Off ice. Specify : 

For the Type RM503, all serial numbers; 
Tektronix part number 040-243. Price is 
$16.00. 
0 r, 
For the Type RM504, all serial numbers; 
Tektronix part number 040-272. Price is 
$9.00. 

'YPE 575 INCREASED COLLECTOR 
JOLTS MOD K I T  

Installation of this niodification converts 
he Type 575 (all serial numbers) to the 
Type 575MOD122C \11iich provides the fol- 
w i n g  features : 

a A maximum Collector Sweep voltage 
of 400 volts (instead of 200 volts), 
rated at 0 5 amperes maximum. 

11 Three (3) more sensitivities (50, 100, 
and 200 volt per division) on the 
HORIZONTAL VOLTS/DIV. switch 

c A f 1 5 kv supply for checking peali 
mverse voltage of rectifiers The high 
voltage is accessible a t  the Collector 
Test terminals and the supply current 
is limited by an internal impedance of 
1.8 megolims 

Vote : The output voltage (Collector Ter- 
minal voltage) of the 1 5  kv supply 
varies directly with the line voltage and 
inversely with the load current ( i .e,  
at  117 v [235 v]  line voltage and zero 
load current of 1 ma, tlie output volt- 
age is zero). 

This modification rewires installation of 
i new front panel (furnished in tlie kit). 
\Vlien ordering the modification kit, please 
yive the serial number of the instrument in 
which it is to be installed. W e  will stamp 
the new front panel with the serial number 
3f your instrument before shipping the 
modification kit to you. 

Order through your local Telitronix Field 
Engineer or Field Office. Specify Tek- 
tronix part number 040-276. Price is 
$200.00. 
* Quoted installation times are  for first time 
installations by a trained technician familiar 
with Tektronix instruments. 

MISSING INSTRUMENTS 

During the week end of June 30th, 1962, 
a Type 503 Oscilloscope, serial number 973, 
was apparently stolen from the Chemistry 
Department at  Carnegie Institute of Tech- 
nology. This instrument disappeared dur- 
ing the week end and a check of authorized 
personnel failed to reveal its presence. The 
Clieniistry Department would like to hear 
from anyone with information regarding 
this instrument. Their address is Carnegie 
Institute of Technology, Pittsburgh 13, 
Ohio. Telephone number is area code 412, 
MAyf lower 1-2600. 

Pennon Electronics, 7500 South Garfield 
Avenue, Bell Gardens, California reports 
the loss of two oscilloscopes: a Type 503, 
serial number 291; and a Type 511AD, 
serial number 5106. These instruments 
which disappeared about the middle of 
June '62 are believed to have been stolen. 
Pennon Electronics' asks that anyone with 
information on these instruments, please 
contact them at the above address. 

Herbert Guntlier, New York Representa- 
tive for the Control Data Corporation called 
our Long Island Field Office to report a 
missing Type 317 Oscilloscope, Tektronis 
serial number not available. However, a 
tag on the front panel of the instrument 
says "CONTROL D A T A  S N  1883-7363". 

Mr. Gunther believes this instrument may 
have been stolen. H e  asks that anyone with 

@ 1962, Tektronix, Inc. 
All Rights Reserved 



information on this scope either contact him 
at 160 Rockawav Parkwav. Vallev Stream. 

5-8852, or report their information to the 
I Control Data Corporation, 8100 34th Av- 

enue, Miniieapolis, Minnesota. 

USED INSTRUMENTS W A N T E D  

1 Type 535 or Dr. J. F. McNall 
Type 545 Phoenix Engrg. & Com- 

puter 
7464 Hubbard Avenue 
Middleton, Wisconsin 

1 Type 515 or Tom Hall 
Type 310 Geotechnical Corp. 

P .  0. Box 28277 
Dallas 28, Texas 

1 Type 570 Stan Mahurin 
Vacuum- c/o Marine Radio Service 
Tube Berth 73 
Curve Tracer San Pedro, Calif. 

USED INSTRUMENTS F O R  SALE 

1 Type 127 Robert Malta 
Power Sup- George A. Philbrick Re- 
ply (for Type searches, Inc. 
A to Z Plug- 172 Clarendon Street 
Ins), s/n 462 Boston, Massachusetts 

1 Type 317, s/n M. H .  Schaffner 
314, with Colurnbus Bank Note Co. 
Type 123 40 East Spring Street 
Preamplifier, Columbus 15, Ohio 
s/n 1054 Phone : 224-2117 

1 Type 536, s/n General Electric Co. 
104 D. Dowell/G. Bedore 

13430 Black Canyon Hwy. 
Phoenix, Arizona 

1 Type 513D William Johnson 
31 Waverly Road 
Wyncote, Penti. 
Phone : T u r n e r  4-9837 

1 Type 310 Arthur Sotnmers 
1875 S.  Taylor Road 
Cleveland Heights, Ohio 
Phone : area code 216, 
F A  1-2277 

1 Type 514D Chuck Phillips 
Tektronix, Inc. 
11681 San Vincente Blvd. 
West Los Angeles 49, Calif 
Phone: GR 3-1105 

BR 2-1563 

1 Type 514AD Engineering Associates 
434 Patterson Road 
Dayton 19, Ohio 
At tn:  C. C. Littell, Jr. 

1 Type 517A A. Lincoln Mekelburg 
with a Type Decisions, Inc. 
500A Scope- 142 Second Street 
mol~ile Both Fall River, Mass. 
in good con- 
dition. Asking 
$2250.00 

1 SERVICE H I N T S  

;COPES 
Appearance of convertor-oscillator ripple 

rt the input of a Type 503 or Type 501, 
vhen connected to a low-impedance signal 
ource, has been traced to a conducted 
;round-loop via the power-cord third wire. 

Type 503's with serial numbers above 
.385 and Type 504's with serial numbers 
lbove 480 have a factory installed modifica- 
ion to eliminate this ground loop. 

For instruments already in the field, 
rektronix Field Engineer Frank Elardo 
.vorked out a simple field modification to 
:orrect this condition. Simply move the 
;round (green) wire of the power cord 
From its original installation point - the 
xramic strip by C652 - to the small hole 
In tlie chassis behind V692 (5632). Use a 4- 
10 self tapping screw (Telitronix NO. 
!13-035) and a No. 4 solder lug (Tektronis 
No. 210-201). In  some early instruments 
:his point was used for grounding C692 
A/B and a new screw will not be required. 

T o  determine whether conducted interfer- 
ence is causing ground-loop problenls, dis- 
connect the power-cord ground wire by us- 
ing a three-to-two wire ad;tpter, If the 
adapter eliminates the interference, then the 
ground-relocation modificetion described 
here should be performed. 

REMOVING P A P E R  CAPACITOR 
COVERS 

Removing the glued-on paper covers in- 
stalled over the chassis-mounted elec- 
trolytic capacitors in some Tektronix in- 
struments can be quite a chore. Tektronix 
Field Maiutenance Engineer Udo Linde- 
meyer offers a novel approach to the 
solution of this problen~. Using a Ilypo- 
dermic syringe, Udo injects about two cc's 
of acetone between the paper cover and 
the capacitor can. H e  makes the injection 
about the middle of the capacitor-cover 
assembly. In about ten minutes, the acetone 
softens the glue and the cover slips off 
easily. Some covers, however, may be glued 
at the top. In  these instances it is neces- 
sary to invert the instrun~ent and repeat 
the injection. Udo suggests that to get 
through the tough hide of the cover, try 
cutting the hypodermic needle down to 
about two centimeters and resharpening it. 

T I P S  F O R  T U B E  T A P P E R S  
Tektronix District Manager Harvey \Vorth 

reports that during environment tests, one 
of his customers found that tapping a tube 
with a pencil created up to 400 G's. They 
also found that the tapped tube had 0111) 

1/5 the life expectancy of a tube of thc 
same type that was not tapped 

We suggest that a less destructive x a y  of 
testing tubes for n~icrophonics is to use z 
tool formed from a piece of %" plastic 01 

phenolic rod. By means of a flle or grind 
ing wheel shape the rod as shown in Fig 
ure 1. When testing tubes for microphonics 
gently saw the serrated edge of the too 
back and forth over the tips of the tube 
while observing the effects. 

Figure I 

You'll also find that this tool makes a 
:landy aid to hold wires and components in 
place while soldering. In  addition, it makes 
a dandy lion-conducting probe to poke 
around in an  instrument when looking for 
loose leads or damaged components. 

E F F E C T I V E  AIR-FILTER CLEANIMG 
AGENT 

Tektronix Field Engineer Duncan Doane 
sent us the following information: A cus- 
tomer demonstrated the effectiveness of 
a new (to me) cleansing agent for cleans- 
ing the aluminum air filter on Tektronix 
instruments. H e  sprayed it on a filter 
choked with dirt, then merely held the filter 
under the hot water faucet. The filter 
came out sparkling! This customer buys 
the agent in gallon cans and transfers it to 
a window-cleaner type spray bottle, the 
name: Grease Off ,  Garden Products Cor- 
poration, Two Rivers, Wisconsin. The cus- 
tomer says it is available in Los Angeles a t :  
Harvey's Butchers and Packers Supplies, 
4506 S. Western Avenue, Phone: AXmini- 
ster 4-8718. Price is $3.85 per gallon. 

TRACE ROWING, P O O R  REGISTRA- 
T I O N  A N D  COMPRESSION 

Tektronix Field Engineer Torn Smith 
received a con~plaint of bowing, poor reg- 
istration and compression in a new T502 
crt. Investigation revealed about 2 mm of 
bowing when the trace was positioned to 
the perimeter of the crt. 

Using a soft rag saturated with Anstac 
"M" *, Tom wiped the face of the crt and 
the graticule to remove tlie static charge 
and then dried them with a soft cloth. Fol- 
lowing this action, Tom checked the crt 
display with a special geometry graticule 
and found the crt to be good in all respects. 
* A~istac "M" is a product of the Cl~ernical 
Development Corporation, Danverse, Mas- 
sachusetts. W e  have found it effective in 



removing the static charges which some- 
times build u p  on crt 's and graticules . We 
recommend it also for removing dirt. grease 
and finger marks from these components . 

6U8A TUBES NOT SATISFACTORY 
A S  REPLACEMENT FOR 6BL8 TUBE 

Chassis identification and instruction man- 
uals fo r  several Telctronix instruments 
(Type 503. 501 Oscilloscopes; Type 67 
Time Base Plug-In) Imve indicated that the 
type 6U8A tube may be substituted for the 
type 6BL8/ECF80 originally supplied in the 
sweep generator circuit (V160 in Type 503 
or Type 504. V161 or V145 in Type 67) . 

Recent tests indicate. however. that the 
percentage of presently available 6U8A1s 
that will operate satisfactorily in these cir- 
cuits is extremely low . Tektronix no longer 
recommends this substitution. and refer- 
ences to it on chassis and in manuals will 
Ile deleted . 

REMINDING YOU . 
. . .  that ~ O L X  Tektronix Field Engineer is 
your best possible source of information 
pertaining to oscilloscopes. their purchase. 
use. maintenance and repair . 

. . .  that you should apply Filter Coat (Tel; 
no . 006.580 . Price $l.OO/pint) to the filter 
element after cleaning 

. . .  that you shoztld not apply oil to the air 
filter element . 

. . .  that you sl~oultl oil the fan motor each 
time you clean tlie air filter . 

. . .  that to obtain accurate and reliable 
nleasurclnents when using ;un attenuator 
probe. you must cotnpensate tlie probe to 
the oscilloscope . (See oscilloscope instruc- 
tion rnanu;d ) . 
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ALSO REPAIR CENTER 

Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
A-2140  strument Repair Station near you . Ask your Field Engineer about Tektronix Instrument-Repair facilities . 
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OSCILLOSCOPE PHOTOGRAPHY 
AND FILM STORAGE 

It's smart business to check the expira- 
tion date of the film you are using when you 
engage in oscilloscope photography. Those 
who attempt to photograph waveform 
phenomena that tax the writing rate of tlie 
oscilloscope and, or, the film should give 
a n  attentive ear to this advice. All film, 
packet or individual roll, carries a definite 
date stanipetl on the box. For best results, 
film should be used before ,this date. 

Also, all sensitized photographic materi- 
als  are perishable and can sustain damage 
if not properly stored. The following in- 
formatidn appeared originally in the 
"POLAROID POINTERS",  a pamphlet 
published by the Customers Service depart- 
ment of the Polaroid Corporation. I t  should 
be  helpful to those who attempt to keep a 
supply of film on Iiand. 

S f o r o g e  o ~ d  fhe E f f e c t s  of T e m p e r o f w e :  
Excellent pictures can be obtained over a 
wide temperature range. From ne;ir freez- 
ing to 100° F ,  tlie calnera antl rolls give 
good results. Ilowever, since all sensitized 
pliotograpliic materials are perishable and 
can be damaged by high temperature antl 
high relative Iiuniidity, care should be taken 
to handle and store the film as recommend- 
ed below, wit11 as mucli protection as  pos- 
sible against heat and moisture and away 
f rom X-rays, radioactive materials, and 
chemical fumes. 

Protection Before Using: The wrappers 
in which all Polaroid Land* picture rolls 
are paclcaged will provide ample protection 
to witl~st?nd, through the expiration date 
printed on the box, normal handling in the 
humidities encountered in most places in 
the U.S.A. This wrapper does not provide 
protection against heat and therefore Polar- 
oid Land picture rolls (and any sensitized 
photographic material, for that matter) 
should not be stored or left near radiators, 
hot pipes or other unventilated areas where 
the temperature may climb. The glove com- 
partment, trunk and back deck of auto- 
niobiles may reach very higli temperatures 
(in excess of 200°F) in the hot sun. Ex-  
cessive heat map daniage the film, result- 
ing in fogged (or flat and gray) pictures 
or a collection of developing reagent on the 
positive print. 

If you are in the habit of keeping a num- 
ber of picture rolls on hand during the 
summer heat or in tropical areas, it is 
good practice to store your picture rolls 
(unopened) in the refrigerator. Where- 
ever possible, store the film under these 
conditions : 

For Storage Keep Temperature 
Up  to- Relow- 

2 months 70°F 

6 months 55°F 

9 months 50°F 
Generally speaking, there is no low tern- 

perature limit for storing Polaroid Idand 
film, :ind this means that it can be frozen 
(or stored in a deepfreeze) for long periods 
of time. However, before using film that 
has been stored below 60°F, it must bc 
brought back to room temperature before 
opening the foil ~vrapper. 

If the foil wrapper on a trap of 1 x 5  
packets has been broken, and only a few 
packets are to be stored under refriger a t' !on. 
wrap the packets in a good brand of alumi- 
num foil-a sandwicli-type wrapping witii 
the ends firmly closed. 

Profecf ion A f t e r  Opening : Once tile 
moisture-vapor-barrier wrapper is opened, 
the picture roll loses its protection against 
moisture. Under humid or high temperature 
conditions, use the roll as soon as practic- 
able and do not allow tlie roll to remain in 
tlie camera longer than necessary. Protect 
your loaded camera and picture rolls from 
direct sunlight as the temperature inside 
the camera or the carrying case may rise 
extremely higli even wlien the weather is 
temperate. On long trips through liigli t e n -  
peratuse regions an insulated container will 
provide protection to your film. 

All type 4 x 5 film packets can be d;~m- 
aged by exposure to humidity over 75% 

R FI. at  75°F or above. T o  provide pro- 
tection, each box of 12 packets includes :i 

polyethylene bag. After removing the foil 
wrap froni the box, the tray of packets 
should be immediately inserted in the bag 
and the end of the bag folded over several 
times to seal out moisture. When humidity 
is higli, packets should be developed within 
15 minutes after removing them froni tlie 
polyethylene bag. 

Once the protective wrapper is removed, 
care should be taken to keep tlie film away 
from formaldehyde, industri:il gases, motor 
exhausts, solvents, mercury and radiation in 
any form. 

*Polaroid is a registered trade-mark of 
the Polaroid Corporation 

LOCATING TROUBLE IN  
TV COAXIAL CABLES 

John Unruh, Jr., Tektronix Field En- 
gineer with our Orange, California Field 
Office, calls on a company which uses a 
Tektronix Type 317 Oscilloscope to locate 
trouble in a coaxial cable system. This 
company picks up a T V  signal on a nearby 
mountain top and relays it into subscribers' 
liomes via this coaxial-cable system. Occa- 
s i o n a l ~  a trouble such as an open circuit, 
short circuit or connectors with water in 
them will develop. When this happens they 
can, with the aid of the Type 317, determine 
within a few feet (and sometimes pre- 
cisely) the area of the cable within which 
the trouble lies. This customer happens to 
use a Type 317. However, any Tektronix 
oscilloscope with a passband of 10 mc (or 
better) will also accomplish this purpose. 
In fact, the faster the risetitile of the oscillo- 
scope the more precisely you can pinpoint 
the difficulty. 

For this application, you connect the + 
G A T E  of the oscilloscope to the I N P U T  
through a differentiating circuit (see Figure 
1) .  An U H F  "T" connector makes :I con- 
venient housing for this circuit. The other 

To INPUT 
o f  scope To +G4TE 

f 
o f  scope 

I - - -  - - - I  

UHF "TI '  CONNECTOR 

C = is selected for hest pulse st13pe 

R = is as close to the t o f  the cable 

aa possible 

Figure I 



end o f  the "T" connector you connect to a 
cable with a predetermined delay time 
(John's customer uses a length of cable with 
a 0.1 microsec delay time). With this liook- 
up, b y  free running the oscilloscope sweep, 
you produce a pulse on the crt screen. When 
the cable you wish to check is connected to 
the 0.1 microsec cable, any irregularities 
a r e  immediately visible on the screen. Should 
the cable be open, then a positive reflection 
will show on the screen sometime after the 
initial pulse. A short in the cable will show 
as  a negative reflection. Connectors used to 
couple sections of cables together will ap- 
pear as  a sniall "bun~p" similar to a termina- 
tion bump. Any connectors making a poor 
connection or ones with water in them will 
also appear as a bump but will show con- 
siderable more + or - an~plitude than 
those produced by normal connectors. 

T o  determine tlie distance to the defective 
portion of the cable, you merely determine 
the time between tlie initial pulse and the 
reflected pulse, being sure to measure in 
microseconds from the start of the rise of 
each pulse. From this total-tirlle-between- 
pulses, subtract the 0.1 microsec of the stnall 
length of cable used to connect the output of 
the "T" connector to the cable under test. 
Multiply tlie remainder by the multiplying 
factor for the type of cable under test and 
you have the distance to the fault in feet. 

John's customer uses the following cliart: 

CABLE PROPAGATION MULTIPLYING 
TYPE FACTOR FACTOR 

Solid Poly .66 325 

Foam Poly .82 404 

Styro .89 439 

~ 1 1  Styro .90 443 

T h e  multiplying factor of a given cable 
is determined by multiplying tlie figure for 
the speed of light (983.5 ft. per p x )  
down one foot of the cable by the propaga- 
tion factor of the cable and dividing by two 
since the pulse must travel twice the dis- 
tance to the fault before showing up as an 
echo. John saps tliat according to his figures 
tlie multiplying figure for solid poly sliould 
he closer to 320. However, his customer has 
been using this chart for sometime anti 
hasn't been too far  off yet. 

When tlie cable under test is less than 
30 o r  40 feet, then an additional hundred 
feet should be inserted. Otherwise, the re- 
flection returns so fast it rides on the top 
of the initial pulse. 

This method is currently k i n g  used on 
cables with lengths up to 2,000 feet. Report- 
edly, i t  may he used on lengths upwards of 
a mile provided tlie cable is of a low loss 
type. 

THAT OLD BUGABOO "CATHODE 
INTERFACE" 

Tektronix Canada, Ltd. Fieltl Engineer 
Gordon Dickson (Montreal) called on a 
customer to find him struggling with the 
transient response of a Type 545 Oscillo- 
scope. The customer stated that he had 
spent two days in sporadic attempts to 

bring the vertical response of the instru- 
ment within specifications. H e  claimed that 
each time he endeavored to touch up the 
liigh frequency peaking and the delay line, 
tlie transient response showed a change 
from the last time he had worked on it. 

Irnmediatelp suspecting the cause of tlie 
tlif ficulty, Gordon connected the instrument 
to its power source through a variable- 
voltage transformer. A quick check con- 
firmed his suspicions. The customer had 
heen battling a condition tliat no amount of 
tweaking and adjusting would overcome- 
cathode interface. Cathode interface is n 
condition that can develop in the vertical- 
alnplif ier tubes of any oscilloscope-some 
tubes being more offensive than others. I t  
will cause degeneration of all but high fre- 
cpency signal coniponents . . . leaving an 
overshoot on the leading edge of fast-rise 
(0.2 hsec or less) squarewaves. 

At Gordon's suggestion, the customcr 
replaced the offending tubes and then 
easily recalibrated the vertical amplifier to 
bring transient response of the instrument 
within specifications. 

In the August 1960 issue of SERVICE 
S C O P E  we published an article that dealt 
at some length on this problem of cathode 
interface. Those who maintain a back-issue 
file of SERVICE S C O P E  may wish to 
review that article. The title-"Does The 
Square Wave Response of Your Scope 
Look Like This." 

If you do not maintain a bacli-issue file 
of SERVICE S C O P E  you can obtain a 
copy of the August 1960 issue by contacting 
your Telitronix Fieltl Engineer or local 
Field off ice. 

OSCILLOSCOPE LITERATURE RACK 

A DO-IT-YOURSELF PROJECT 
This idea for a literature-holding rack 

(see Figure 1 and 2)  comes to us from one 
of our readers, Anthony J. ICalilich of tlie 
NASA in Cleveland, Ohio. Tony uses this 
rack to lioltl manuals for easy, ready refer- 
ence during instrument calibration. H e  anti 
other engineers at  NASA also use it to 
hold their reference data during various 
tests. Having this material off the bench 
but still handily available, tends to mini- 
mize the time spent searching under papers 
and manuals for tools or components. This 
in turn contributes to a more efficient util- 
ization of the engineer or technician's time. 

Fabrication of the rack requires only 
about 15 minutes of time and most labora- 
tories or maintenance facilities will contain 
the necessary materials. Suggested materials 
are two 10/32 female banana jacks and two 
30" lengths of buss wire or copper-clad 
welding rod. The diameter of the buss wire 
or welding rod should be such that it will 
fit into the female end of tlie banana jacks. 
About %" from one end of each wire or rod 
length make a 90" bend. Insert the end of 
tlie g'' section into a banana jack and 
solder it to the jack. Now insert the two 
banana jacks into the two top graticule 
stud bolts of your Tektronix (5"crt) oscill- 
oscope and bend tlie wire or rod as shown 

Figure 1 

Figure 2 

in Figure 1. Solder tlie two wires or rods 
together at the two points where they cross. 
The degree of the angle thus formed by 
cacli wire or rod is not critical. However, 
for appearances sake they should match. 
If you solder tlie wires or rods together 
so tliat the distance between the two points 
of the two V's is approximately 18%", the 
rack will accommodate an opened Tektronix 
instrument manual as shown in Figure 2. 

That's all there is to it . W e  thought it 
was quite simple and with only the pictures 
as a guide. 

USED INSTRUMENTS FOR SALE 

Type 524D Oscilloscope, s/n 179. Asking 
$500. Gene Phelps, K P T V ,  735 S.W. 20th 
Place, Portland, Oregon. Phone : CApitol 
2-9921. 

Type 310A Oscilloscope, s/n 7142. Price 
$575. Dr. Leonard Rose, 2311 N.W. North- 
rup Street, Portland 10, Oregon. 

Type 310 Oscilloscope, s/n 3350. Mr. La  
Douceur, American Motor Corp., 14250 
Plymouth Road, Detroit 32, Michigan. 
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Type CA Plug-In Unit. Deictron Electron- 
ics Corp, 850 Shepherd Avenue, Brooklyn 
8, New York Phone: N I  9-8110. 

Type 105 Square Wave Generator, s/n 5875. 
Price: $325. Type 110 Pulse Generator and 
Trigger Takeoff, s/n 600. Price: $525. Type 
113 Delay Cable, s/n 294. Price: $150. Type 
N Plug-In Unit, s/n 683. Price:  $475. 
Bernard H .  Shuman, General Manager, 
Morris Cooper Corp., 3832 Terrace Street, 
Philadelphia 28, Pa .  

Type 122 Preamplifier, s/n 3289. Colonel 
Hoxie, Lind Instruments, 2294 Mora Drive, 
Mountain View, California. Phone: 968-0083. 

Type 180 Time-Mark Generator, s/11 207. 
Landy Garman, National Aeronautical Corp., 
Commerce Drive, Fort  Washington, Penn- 
sylvania. Phone: M I  6-2900, xtn. 41. 

Type 517A Oscilloscope, s/n 622. Sam 
Cooper, Rutherford Electronics, 8944 Lind- 
blade Avenue, Culver City, California. 
Phone: U P  0-7393. 

Type 551 Oscilloscope, s/n 369. Type 535 
Oscilloscope, s/n 1173. Type 53C Plug-In 
Unit, s/n 1143. Engineering Dept., Richard 
D. Brew & Co., 90 Airport Road, Concord, 
New Hampshire. 

Type 533 Oscilloscope, s/n 515. Price: $775. 
Type 53/54E Plug-In Unit, s/n 2090. Price : 
$1 35 
Type 53/54C Plug-In Unit, s/n 20261. Price: 
$175. Type RM181 Time-Mark Generator, 
s/n 1034. Has  a crystal oven. Price:  $195. 
Type 500A Scope-mobile. Price:  $70. Cra- 
dle Mount for rack mounting a Type 533 
scope. Price:  $20. Miscellaneous small ac- 
cessories including probes, connectors, and 
other small items will be included with the 
appropriate units. Joseph M. Edelman, M. D., 
4550 North Boulevard, 204 Medical Center, 
Baton Rouge 6, Louisiana. 

1 Type 517 Oscilloscope, s/n 161. Price:  
$1500. Needs work. Arniond Piscopo, 1546 
Slater Street, Toledo 12, Ohio. 

USED INSTRUMENTS WANTED 

1 Type 124 Television Adapter. Purchasing 
Agent, Owen-Illinois Technical Center, 1700 
N. Westwood, Toledo, Ohio. 

1 Type 575 Transistor Curve Tracer. L. 
Bachhuber, Appleton Mills Co., 614 S. 
Oneida Street, Appleton, Wisconsin. Phone : 
REgent 4-9876. 

2 Type 535 o r  Type 545 Oscilloscopes. J. R. 
Halchak, E .  G. & G., Inc., 160 Brookline 
Ave., Boston 15, Mass. 

1 Type 531 and 1 Type 533 Oscilloscopes. 
Harry Applehap, 902 West Pedragosa, 
Santa Barbara, Calif. 

1 Type 310 or 310A Oscilloscope. Steve 
Karapti, National Aeronautical Corp , Com- 
merce Drive, Fort  Washington, Penn. 

1 Type 541 Oscilloscope and 1 Type CA 
Plug-In. Joe Gaon, 6450  229th Street, 
Bayside, N. Y. 

Type 531A, Type 533.4, Type 541A or 
'ype 543A Oscilloscope. A. R. Shelby, 
resident, Production Electronics, Inc., 525 
ehigh Avenue. Union, New Jersey. 

Tvne 515A Oscilloscone. Tohn Harsh- -. . < 

arger, Systenls Research Laboratories, Inc., 
30 Woods Drive, Dayton 32, Ohio. Phone, 
' H  4-4051. 

Type 531A Oscilloscope with a Plug-In 
'reamplifier (Type CA preferred). 1 Type 
16 Oscilloscope. 1 Type 524AD Oscillo- 
cope. Charles Hanavich, 712 Grandview 
hive, .4lexandria, Virginia. 

MISSING INSTRUMENTS 

Our Long Island Field Office advises us 
.hat a Type 533 Oscilloscope, serial num- 
,cr 1202, and a Type CA Plug-In Unit 
(serial number not available) are missing 
from the Alternating Gradient Synchrotron 
at Brookliavei~ National Laboratory, Upton, 
New York. These instruments are the prop- 
:rty of the United States Government and 
unauthorized possession of them is a federal 
offense. Officials consider this a serious 
matter and the Federal Bureau of Investi- 
gation has been called in on the case. 

Persons with information on the above 
instrument should contact Mr. Herb Lutz 
at  the Brookhaveti National Laboratory. 
Telephone number i s :  area code 516, number 
924-6262, extension 2193. Or ,  you may con- 
tact the nearest Federal Bureau of Investi- 
gation office. 

Mr.  Sternberg, with the Department of 
Entomology at  the University of Illi~lois 
in Urbana, Illinois, reports that his Type 
502 Oscilloscope, serial number 901, disap- 
peared on August 6, 1962. This instrument 
was not in working condition. Suspected 
trouble was a crt or high voltage problem 
All instrument repair centers and technician: 
are asked to be on the alert should a Type 
502 with these symptoms of trouble be pre 
sented for repair. 

Mr. Sternberg would appreciate hearing 
from persons with information regarding 
this instrument. They may contact him a 
the address given above. 

The Deer Valley Park  plant of General 
Electric Company asks that our reader5 

keep an eye 
scope, serial 
CA Plun-In 

out for a Type 535A Oscillo- 
number 27884 and two Type 

Units, serial numbers 41577 and 
45244. These instruments have disappeared 
from this facility and they would like very 
much to recover them. Direct anv informa- 
ti 
tt 
C 
\% 

\ 
1s 

on you may have on the whereabouts of 
m e  instruments to the General Electric 
lompany, 13430 North Black Canyon High- 
ray, Phoenix, Arizona. Attention: C. H. 
Vorlock, Mgr., Product Service Admin- 
itration. 

NEW FIELD MODIFICATION KITS 

T Y P E  180 TIME-MARK GENERAT- 
>R CRYSTAL OVEN MOD KIT-For 
rype 180 instruments with serial number 
51 to 5000 inclusive. 

This modification installs a temperature- 
tabilized crystal oven in the Type 180. 
7requency-stability characteristics will be 
rnproved to three (3) part per niillion over 
1 24 hour period. Time required for install- 
ltion is approximately one and one-half 
lours*. 

Order through your local Tektronix Field 
Tngineer or Field Office. Specify Tektronix 
)art number 040-285. Price : $49.50. 

A previously announced Crystal Oven 
Mod Kit installs a temperature stabilized 
crystal oven in Type 180 Time-Mark Gen- 
erators with serial ~iumbers below 951. For 
this modification order Tektronix part num- 
ber 040-252. Price:  $50.75. 

T Y P E  532 A N D  T Y P E  RM32 OSCILLO- 
S C O P E S  C H O P P E D - T R A N S I E N T  
BLANKING MOD KIT .  All serial nuni- 
bers. 

Installation of this n~odification adds 
blanking to the crt cathode to eliminate 
switching transients when using the Type 
53/54C, 53C, CA, or M Plug-In Units in 
the C H O P P E D  Mode. Time required for 
installation is approximately two and one- 
half hours*. 

Order through your local Tektronix Field 
Engineer or Field Off ice. Specify Tektronix 
part number 040-283. Price : $70.00. 

T Y P E  517 A N D  T Y P E  517A T H E R M A L  
P R O T E C T I O N  MOD KIT-For serial 
numbers 101 through 1739. 

When installed, this n~odification pro- 
vides thermal cutouts for both the Indi- 
cator and Power Supply units. In instru- 
ments wired for normal line voltages (i.e. 
105 to 125 v ) ,  should the chassis tempera- 
ture reach approximately 137' F ,  the cut- 
out will turn the affected unit off .  The fan  
will continue to operate as an aid to cooling 
the unit to a safe  operating temperature. In  
those instruments wired for 210 to 250 \. 
line voltages, the cutouts will operate in the 
same manner with one exception-the fan  
will not operate during the cooling o f f  
period. Time required for installation is 
approxiniately two and one-half hours*. 

Order through your local Tektronix Field 
Engineer or Field Off ice. Specify Tektronix 
part number 040-291. Price : $58.00. 



CRT S C R E W  ALIGNMENT MOD K I T  
This  modification provides a more satis- 

factory means for  adjusting the crt align- 
ment. A new bracket, with rotator and 
clamp assembly, replaces tlie old support 
bracket and clamp assembly at  the base of 
the crt. Tliis new assembly features a 
finger-operated screw adjustment for easy 
and precise rotation of the crt. Another 
feature is an adjustment to minimize paral- 
l ax  between the pliosphor surface and the 
graticule. Time required for installation is 
approximately 30 minutes*. 

Order through your Tektronix Field En- 
gineer or Field Office. Specify for tlie 
following instruments Tektronix part num- 
ber 010-292. Price, $4.75. 

S C O P E  SERIAL 
T Y P E  NUMBER 

531/531A 5001 -20409 
532 5001-6519 
533 101-1469 
535/535A 5001-21349 
536 101-1089 
541/541A 5001-20169 
543 101-1249 
545/545A 5001 -22059 
F o r  these following instruments, specify 

Tektronix part number 040-293. Price:  
$4.75. 

S C O P E  S E R I A L  
T Y P E  NUMBER 

RM31/RM31A 101-1059 
RM32 101-330 
RM33 101-139 
RM35/RM35A 101-1229 
RM41/RM41A 101-1029 
RM43 101-111 
RM45/RM45A 101-1199 

T Y P E  127 S ILICON RECTIFIER MOD 
KIT-For Type 127 Preamplifier Polver 
Supplies. 

Tliis modification replaces the selenium 
rectifiers used in tlie Type 127 with silicon 
tlioctes. Silicon diodes offer greater reliabil- 
ity and longer life. Time required for install- 

ation is approsimately one and one-hnlf 
hours*. 

Two kits, each restricted to a certain 
serial number range, are offered. Tn order- 
ing, care must be exercised to be sure that 
you order tlie liit for the serial-number 
range in which your instrument's serial 
number falls. 

Ostler througli your Tektronix Field En- 
gineer or Field Office. For instruments 
with serial numbers 101 through 358, speci- 
fy  Tektronis part number 010-217. Price:  
$29.50. For instruments with serial numbers 
359 and up, specify Telitronis part nuniher 
040-282. Price : $34.00. 

*Quoted installation times are for first- 
time installations by a trained technician 
familiar with Tektronix instruments. 

DON'T LET THIS HAPPEN TO YOU 

One of the prime purposes of the Te1.r- 
tronix Field Office and its Fieltl Engineers 
is to help custoniers select the i~istrunients 
best suited to their present and future needs. 
T o  prepare himself for tliis task, the Fieltl 
Engineer spends at least six motitlis in train- 
ing-at tlie factory-and returns periodically 
for  furtlier training and intloctrinatiori ~ I I  

new instruments. 
Tlie folloiving incident il1ustr:ltcs what caii 

liappen when a customer, not completely 
iamiliar ~vitli Telitronis instruments, places 
an order \vitIiout availing Iiitiiseli of a Teli- 
tronix Field Engineer's counsel and advice. 

A certain compxny makes solenoid-oper- 
ated, fast-response valves for ;1 special ~ 1 ) -  
plication. These valves must open or close 
within several millisecontls oi  the :ipplic;ltio~i 
of current to the solenoid. 

One of tliis company's custouiers sug- 
gested that tliis response time can be meas- 
ured with a Tektronix Type 551 Dual- 
Beam, Du;rl-Plug-In Oscilloscope. Tlie corn- 
p m p  ordered one, regrettably not through 
the Tektronis Field Office t i n t  should 
serve them. 

\\'hen tlie instrument was delivered, they 
f o ~ ~ n d  that they did not have an end-use ill- 
itrument-they had not ordered Plug-Ins. 

Duncan Doane, of our Encino, California 
Field Office, ~v;rs the Tektronis Fieltl 1 3 -  
;ineer finally called on for lielp. \!.hen lie 
:letermined the company's actu:ll applic:r- 
lion, he informed them that a less sophisti- 
x t ed  oscilloscope could do the job for them 
and at a considerable savings. H e  offered to 
take back the Type 551 and replace it with 
;L less expensive oscilloscope. 

Possibly to show their appreciation for 
Tektronix efforts to be agreeable and fair, 
they declined the offer. However, they did 
ask Dunc if he would advise them on what 
they must do to make the measurement. 

Here was a natural for the Telitronis 
Type Q Tr:instlucer and Strain Gage Plug- 
In Unit and Dunc so advised them. They 
will use a Stratham P-27 pressure trans- 
ducer with it. T o  fill in the other vertical 
plug-in compartment of tlie Type 551, Dunc 
suggested a Type A Plug-In unit to monitor 
t!ie current build up throag11 the solenoid. 
They will uso the drop-in-potential metliotl 
 cross a series resistor. 

Remember, your Te1;tronis Field Eli- 
gineer can be your hest source of Iiell~-be- 
fore, during, and after delivery of your Tek- 
tronix instruments. 

SERVICE HINTS 

VERTICAL D R I F T  I N  T Y P E  503 
OSCILLOSCOPES 

The flange-mounted electrolytic capaci- 
tors C652 and C654 affect tlie output volt- 
age of the -12, +I00 and $250 volt sup- 
plies in the Type 503. Tliese supplies are 
only indirectly regulated. In  cases of verti- 
cal drift, not attributable to tubes, try 
cinching down the flange-mounting screws 
of these capacitors. 

Tektronix Instrument-Repair  Facilities: Tliere is a fully-equipped and properly-staffed Tektronix I n -  
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair  facilities. 

A-2143 10 /62  
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NEW TRIGGER-CIRCUIT 
ADJUSTMENT METHOD 

By Paul  Thompson 
Tektronix Field Tra i~ i ing  Dep:wtment 

W c  present liere :t new method of adjust- 
ing tlie trigger circuits in tlie Te l~ t ron ix  
Type  530/540 and Type 5304/540A Series 
0scillosco1)es 1i;tving ;i P R E S E T  position 
for  the S T A I 3 I L I T Y  cotitrol. I t  is fast, 
simple and ;~ccurate ;1nd requires a niini- 
mum of equipinent (a  screwdriver, ;uid one 
o r  two jumper Icads). Norm:dly it tioes 
not require any ";ldjust this while t\veal;in: 
tli;lt for  mininium tliis." I t  also provides :I 

check on tlie tuljcs in tlie circuit. T r y  it ; 
!ve tliinlc you'll 1)econie a convert. 

Tliis method ;dso \vorl;s on the Type 
316, s/iils 1298 ;md u p ;  Types RM16 ant1 
R S  16, s /n l s  900 antl u p ;  T y p e  317, s/ri's 
900 and u p ;  Type 516, 551, 555, all s /n 's ;  
a11t1 Type  515A, s/n's 5309 ;ind up. It will 
not work  on ;I trigger circuit wliicli 11a.; 
no Tr ig .  Sens. adjustnient. 

I n  tlie procedure t l x ~ t  follows, t l ~ e  c o n -  
pletely capitalized terminology refers to 
controls o r  switches located on tlie front 
panel of tlie instrument. Ter1ninolo:i.y \vi!ii 
on ly  tlie f i rs t  let ter  of each word  capital- 
ized refers  to xljustment controls loc;tte(l 
within the instrutnent. 

1. Se t  tlie P R E S E T  A D J U S T  by tllc 
st;mciard method. (Set  tlie T R I G G E R -  
I N G  M O D E  to A U T O  antl the TIMI-  
/CM switch to .lmillisec. Se t  the 
S T A B I L I T Y  to tlie P R E S E T  posi- 
tion. Se t  tlie P R E S E T  A D J U S T  
control halfway bet\veeti the points 
where tlie trace first :lppcars :tnd 
where it brightens.) Position t l ~ i s  
trace to  tlie vertical center of the 
graticule, you'll need it there Intcr. 
Leave the S T A B I L I T Y  control i l l  

the P R E S E T  position for  tlie rest of 
this procedure. 

2. Se t  tlie trigger controls to EMT., 
either + o r  -, and AC. Ground tlie 
junction of the two resistors in the 
time base trigger circuit as  ititlicateJ 
in the following chart : 
Oscilloscope Type Resistors 
530/540 Series R16 ant1 R17 
530A/540A Series R19 ;md R20 
551 R19 and R2O 
555 R19 and R20 
316 R426 and R427 
317 R126 and R427 
515A R24 and It25 
516 R20 and Ti21 

3. T u r n  tlie T R I G G E R I N G  L E V E L  
control fully cloclc\\ise Yon ma! or  
may not get ;I trace on the c r t  screen. 

In the figure above the arrow uoints 

4. Set the Trig.  Level Centering :djust-  
ment to tlie center of tlie region wliicli 
makes ;I trace appear on the screen. 
( I f  you can't get a tr:tce 1)y m:tnipulat- 
ing the TI-ig. Level Centering atljus1- 
ment, the trigger Sclimitt circuit is 
not \vorlting properly.) 

5. T u r n  the T R I G G E R  S L O P E  switch 
( T R I G G E R  S E L E C T O R  on som- 
instrtiments) between + E X T .  ; ~ n d  - 
E S T .  m d  readjust tlie Trig.  Level 
Centering adjustment, if necessary, to 
get a trace in both the + and - posi- 
tions. If you can't, tlie trigger ;implifier 
circuit is not operating properly (prob- 
able c;nrsc ; a gassy tube). 

6. Set  the triggering controls to I N T . ,  
either + o r  -, and DC. Tlie trace 
will probably disappear. 

7. Se t  the Int. Trig.  D C  Level adjust- 
ment to tlie center of the region wliicli 
makcs the trace appear on the screen. 
Tliis region will probably be very 
narrow. 

8. Remove the grounding strap )mu c o ~ i -  
nected in step 2, and position tlie 
T I i l G G E R I N G  LEVEI .  control until 
the trace reappears. Tlie white spot ox 
the knob should then be ;tt o r  very 
near the top (opposite tlie "0" on the 
front  p:uiel). If it is not, looscn tlie 
.-\lien set screw in the I<nob ant1 posi- 
tion t l ~ e  linol) ~ ~ r o l w l y .  

9. T u r n  the Trig.  Sens. adjustment coun- 
terclocl~vise rintil tlie trace just dis- 
;tppe;irs and then about 45 degrees 
f u r t l ~ e r  counterclock\vise. This  \vill 

provide :dequ;cte triggering c:ip;il)ili- 
tics for most uses and \rill pi-ohably 
put tlie scope ~ v i t l ~ i n  factory triggering 
specific;ltions. If you \\.ant to m:il;e 
sure, go 011 to steps 10 and 11. 

10. Set the triggering controls to EST., 
either + or  -, and AC. Set  tlie A M P -  
L I T U D E  C A L I B R A T O R  to .2 volts 
:tnd connect tlie CAL. O U T  to the 
vertic;tl I K P U T .  Set  the V O L T S /  
C M  switch to . I  o r  .05. 

11. Turn the Trig.  Sens. adjustment coun- 
terclockwise until tlie trace disappears 
;mtl then clocl;\vise just fa r  enough to 
get prol~er triggering in I)ot11 the + 
and - E S T .  positions. If tlie scope 
\vonlt trigger in both tlie + and - 
positions, toucli up the Trig.  Level 
Ceiiteriiig adjustment until it does. 

Theory : 111 step 3, you a r e  setting tlie 
trigger Sclimitt to free run when the tlc 
voltage on its input grid matclies its iti- 
herent hysteresis level. In  step 4, you a r e  
setting tliis hysteresis level to m:ttcli tlie 
dc level of tlie trigger-amplifier output 
plate with both grids at  zero volts. In  step 
5, you a re  checking the trigger-n~nplifier 
tube for  gas under much more rigorous 
conditions th;w \vould ever be present in 
normal scope use (one grid to grou11.1 
tlirougli 1 meg, the other grid to ground 
tlirougli 47 ohms). I n  step 7, you a r e  set- 
ting tlie Int. Trig.  D C  Level adjustnient 
to tlie point ~vliere the vertical amplifier 
places zero volts on the trigger-;umplificr 
grid vilieii the trace is centered on tlie 
screen. I n  step 11, you a re  adjusting the 
circuit so that it will trigger on 0.2 volt 
external but not on much less than tliat. 
( T h e  hysteresis gap closes a s  the Sclimitt 
tulle q e s ;  if tlie Trig.  Sens. is set too 
sensitive, yon may be adjusting it again 
n e s t  week.) 

GREASE-OFF 

I n  tlie August '62 issue of Service Scopc 
we referred to an air-filter c1e;uning :\gent 
called "Grease-Of f", a protluct of tllc 
Garden Products Company of T w o  Rivers. 
M'isconsiti. Several customers 11;ive \vrit ten 
to us o r  o m  Field Offices asking for a 
more complete atldress for tliis concern. 
H e r e  it is :  

Garden Protlucts Conip;my 
3914 Monroe Street 
T w o  Rivers, \\'isconsin 

According to Gordon Allison, District 
M a m g e r  a t  our \\lest 1.0s A~igeles Ficltl 
Office,  the \\lest Coast source of supply 



f o r  Grease-Of f is the American Geopliysi- 
cal a n d  Instrument Company, 16110 Soutll 
\Xrestern Avenue, Gartlena, California - 
P h o n e  321-2631. Also, according to Gor- 
don,  w e  were misinformed a s  to tlie price 
of  Grease-Off.  Correct price is $6.85 per 
ga l lon  not $3.85 per gallon a s  we stated. 

REMINDING YOU 

. . . that you slioulti not operate your Telc- 
t ron ix  forced-air-ventil;itio~~ instruments, 
f o r  extended periods, with the side panels 
I-emovetl. The  panels contain antl conduct 
the flow of air  for  maximum cooling eff i-  
ciency. Damage from overheating can occur 
if t h e  instrument operates for extentled 
periods of time witli the side p;~nels re- 
1novetl. 
. . . that to ensure an adequate flow of 
ventilating air, \vc recommend a cle;~r;ince 
of approximately one foot (sides, top and 
r e : ~ r )  for the instrument. 
. . . that  instruments with dirty air  filters 
cost you money by causing more down 
time, more m;tintennnce ~ m h l e ~ n s ,  more neetl 
f o r  replacement parts and ;t shorter lifc 
expectancy for tlie instrument. 
. . . that you slioulti clean ail- filters (see 
your instrument's instruction manu;il o r  the 
October '59 issue of S E R V I C E  S C O P E )  
:ti least every 500 hours of operation-more 
often under difficult environmental contli- 
tions. 

MORE ABOUT PIN POINTING 
INFORMATION ON POLAROID PRINTS 

I n  an article in tlie June issue of Service 
Scope, we described a method for  pin 
pointing information on Polaroid Land 
Camera prints. W e  neglected to state that 
the system works well only after  the print's 
surface has dried a couple of minutes or  
more after  development, and before the 
preservative coating is applied. 

Quite a few of our readers called this 
oversight to  our attention. One  of them, 

Mr. William K. Hayes, manager of the 
Electrical Laboratory a t  Joslyn Manufactur- 
ing and Supply Company, offered an alter- 
nate method of adding notes to Polaroid 
prints. 

Here,  in Mr .  Hayes' ow11 words, is his 
suggestion: "--For some years now our 
laboratory has used a faster and sinipler 
method of adding notes to Polaroid prints 
that takes advantage of the softness of the 
print's surface just a f te r  development. I t  
is so soft in fact, that it is easily scratclietl; 
so  we scratch out our notes. I t  is still soft 
enough to scratch for  perhaps an liour after  
development. I f  the print has been coated 
o r  if it is a long time after  development, 
the surface can be scratched easily by first 
wetting it with the print coater. 

T h e  success of this method however, lies 
in the nature of tlie point used to scribe the 
emulsion. A pin is too sharp anti will dig 
up the surface. A sharpened pencil is too 
rounded. Something between these is best. 
Some experimentation witli a whetstone 
and a metal point is necessary. \\'e 1~1ve 
made a number of scribes by pointing the 
head end of a 6-32 stainless screw anti 
inserting the other end into a tbreaded %" 
plastic rod about 6 inches long. 

These handy instruments have increased 
our efficiency and accuracy in data record- 
ing by immediately scribing sweep times, 
sensitivities, serial numbers antl circuit in- 
formation on the face of the oscillograms." 

Telctronix Field Engineer Earl  \\~illiains 
with our Fieltl Information group suggests 
a third method : 111 this method you apply 
Snopake to selected portions of the Polaroid 
print. Snopake is a fast-drying correction 
fluid used in Xerography worlc. I t  dries 
quiclcly to furnish a snow white surface 
upon which you may write the required 
information. Be sure that the preservative 
coating has been applied to tlie Polaroid 
print and allowed to dry tliorouglily I~cfore  
using Snopalx. 

Snopakc is rc:tdily :tvail:~blc througli your 
local hr~siness-st:ttionery and office-supplies 
outlet. 

FOR YOUR INFORMATION 

Recently we sent to our Fieltl Offices 
reprints of the hoolclet "Fund;tment:ils of 
Selecting and Using Oscilloscopes." Tliis 
booklct contains two articles, "Appraising 
Oscilloscope Specifications and I'erfornl- 
ance" and "Factors Affecting the Validity 
of Oscilloscope Measurements" \vliicli ap- 
peared originally in I2lrct~icnl Ilrsign N r a v .  
John  hlulvey, Manager  of the  Fieltl I n -  
formation group in the Field Engineering 
1)epartment of Telctronix, Inc., ;iuthore~l 
the articles. 

"Appr;~ising Oscilloscope Specif ic;ttions 
and 1'erform;ince" intends to clarify tlie 
significance of many of the teclinical terms 
used to describe oscilloscopes. People who, 
being responsible for  I~uying or  rccotnniend- 
ing such instruments, feel the neetl for  ;\ 

better unt1erst;mding of the relative im- 
portance of different features will find this 
article informative. 

"Factors Affecting tlie Validity of Oscil- 
loscope Measurements," the second article 
in the booltlet, discusses some common 
limitation and application pitfalls which 
apply to cathode-ray oscilloscopes. Some 
easily ~ n a d e  performance checks a re  also 
included. 

Another item of the booklet is a ready- 
reference chart giving the basic specifica- 
tions of most Telctronix oscilloscopes. 

T o  obtain a copy of this booklet, contact 
your local Telttronis Field Engineer or  
Field Office and ask for  "FundanxntnIs 
of Selecting and Using Oscilloscopes." If 
you do not Icnow your local Telctronis 
Field Engineer o r  the address of the nearest 
Field Office, direct your inquiries to : 
Editor, S E R V I C E  S C O P E ,  Tektronis ,  
Inc., P .  0 .  Box 500, Beaverton, Oregon. 
We'll send you the needed names awl 
xldresses antl see that you receive :i copy 
of the booklet. 

INSTRUMENTS 

\\Je recently received \vortl from our 
l 'hoenis Field Office that a T).pe 310A 
Oscilloscope, s/n 10023, belonging to U. S .  
Scmcor is missing. Mr.  Por te r  of U. S .  
Semcor 1i;ts aslcetl that we request our 
readers to be on the loolcout for  this instru- 
ment. If you Iiave any information regartl- 
ing this Type 310.4, please cont:tct Mr.  
I'orter. H i s  :ttltlress is : U. S .  Semcor, 
3501 \.\ 'at Oshorn, Phoenix, Arizona. * * * 

T h e  Pliysics Ikpar tment  of the College 
of \\Jilliam and Mary notifies us tlrat a 
Type 503, s/n 000230, disappearetl fl-om the 
college I x t  May and is now presumed to 
11;ive been stolen. 

Dr .  Melvin A. P i t tm;~n ,  Chairman of tllc 
Department of Physics, will appreciate 
it if anyone xvitli information on the where- 
 bouts of this instrument will contact him 
or  Mr.  John H. Long, Assistant Professor, 
1kp:trtmcnt of I'hysics. A(1tlress your infor- 
mition to either m:un at  the College of 
\\'illiani and Mary,  \\Jilli;unshurg, V i r g i n i : ~  

USED INSTRUMENTS WANTED 

1 Type 545 Oscilloscope and 1 Type C i i  
Plug-In Unit. George J. Kominiak, 195 
I'realtness Avenue, Paterson 2, Kew Jersey. * * * 

@ 1962, Tektronix, Inc. 
All Rights Reserved 



1 Type 502 Oscilloscope Ken M:zcIntosli, 
Ixctour,  l n c ,  4912 Cordell Avenue, Betliesda 
14, Maryla~ict Telephone OLiver 2-4477 * * * 

USED INSTRUMENTS FOR SALE 

1 Type 511 Oscilloscope (s/n not given). 
J. Greenspan, Process and Instruments Cor- 
poration, 15 Stone Avenue, Brooklyn 33, 
New York.  * * * 
F o r  sale o r  trade 1 Type 105 Square-\Z1ave 
Generator, s/n 4348. Would consider trade 
for  good Frequency Meter to cover Marine 
to  Business Radio Band. Dan T. Mooney, 
Cornniunications Equip~nent  Company, P . 0  
Box 35, Handshoro, Mississippi. * * * 
1 Type 503 Oscilloscope, s/n not given but 
instrument is less than one year old and 
in "mint condition." Asking $540.00. Bernie 
Markam, Cabinart Inc., 35 Geyser Street, 
Haletion, New Jersey. * * * 
1 Type 105 Square Wave  Ge~ierator ,  s/n 
2970, Autoelectronics, Inc., Attention: Allan 
Sicks, 6207 Braemore Road, Indianapolis 20, 
Indiana. Telephone C L  3-6100. 

* * * 
1 Type 511 Oscilloscope, s/ti not given. A1 
I3rowtly, K C O P  T V ,  915 L a  Rrea, Los 
Angeles 38, California. Telephone 01. 6- 
6050, Ext .  305. * * * 
1 Type 517 Oscilloscope, s/n ~ i o t  given. 
Mr. Osborne, 153-13 Northern Boulevard, 
Flushing, New York. * * * 
1 Tjrpe 502, M O D  407 Oscilloscope, s/n 
5531, complete with accessories antl polar- 
ized viewer. Instrument lias I~een used less 
than six tiiontlis. Asking $825.00. Bo11 
Rriggs, Geosonic, Inc., Box 22166, Houston 
27, Texas.  Telephone: Sunset 2-2250. * * * 
2 Type 581 Oscilloscopes, s/n's 163 antl 
167. 2 Type  80 Plug-In Preaml)lifiers, 
s/n's not givcn. 1 Type  517A, s/n 1680, 
~vitli ;x Type  500A Scopcmol~ile. John 
Ivimey, 595 5th Avenue, New York 17, 
New Yorli. Telephone : I'Llza 2-1 144. * * * 
1 Type 515A Oscilloscope, s/n 3979. \Veb- 
stcr Enterprises, 795 Marin Drive, Mill 
\Talley, C:difornia. * * * 
1 Typc 512 Oscilloscope, s/n 3317. I<en 
Goodman, Chief Engineer, Engineered 
Electronics, 1'. 0 .  Box 659, Santa A m ,  
California. * * * 
1 Typc 561 Oscilloscope, s/n 616; 1 Type 
72 I jual-Trace Amplifier, s/n 409 ; 1 Type 
67 Time-Base Unit, s/n 719, :mtl 1 Type 201 
Scopemobile. Henry  Petheridge, Electronics, 
Iiic., 2330 M:~rylantl Avenue, \Villo\v Grovt 
Industrial P a r k ,  Mrillow Grove, Penna. 
Telephone : O L  9-6666. * * * 
1 T l p e  72 Dual-Tr;tce Plug-111 Ampl~fier  
( n o  s e r ~ a l  number g ~ v e n )  P r m  $200 00 
Dr. Dick Tuttle, Masomc Research Lab 
oratory, Uticx, New York. Telephone 
R E  5-2217. 

'TYPICAL OSCILLOSCOPE CIRCUITRY" 

". . . M;mipulation of tlie front  panel 
xmtrols of ;ui oscilloscope can I x  learned 
~y rote. To use the instrument to its fullest 
xpnlilities a kno\vledge of oscilloscope 
3rcuitry is essential . . ." These words 
ielp to introduce the reatler to ;i ne\v I)oolc, 
"Typic:il Oscilloscope Circuitry," published 
I)y Tektronix Incorporated. 

"Tlie Ilurpose of tliis book," a s  tlie pre- 
face explains, "is to provide a I~asic under- 
st-~nding of the functioning of those funda- 
~iientnl circuits that appear most often in 
Tcktronis  instruments. I t  is aimed at tlie 
man who maintains and calibrates instru- 
ments. Rut a knowledge of the information 
that is in this book will also help tlie in- 
strument user to appreciate the character- 
istics, performatice and limitations of his 
instrument. . . T h e  treatment tlirougllout 
is essentially n o n m a t l i e m a t i d  Some of the 
most elementary ideas of algebra antl 
trigononietry (sine ~vaves)  a r e  used. -4 
few c;~lculus symbols appear Ilut tliese a re  
:tpplietl only gr;ipIiicallp antl no Itno\vledge 
of calculus operation is neecletl. Tlie pur- 
pose of using tliese calculus symbols is one 
of brevity. . ." 

\Z'c think you will find that the order of 
subject presentation plus the clear, concise 
wortling of tlie subject explanations nccom- 
plishes the stated purpose of tliis book and 
with a niininium of coufusion for  the reader. 

Price of tlie book is $5.00. Copies may 
he ordered through your Tektronix Field 
Engineer or  local Field Office. Specif) 
Tektronis  part number 070-253. 

SERVICE HINTS 

S E R V I C I N G  I-IIGI-I-VOLTAGE 
I'O\\'ER S U P P L I E S  

Ron Bell, Tektronix Field Engineer wit1 
our Pittsburgh Field Office, uses this tricl 
quite frequently when trouble-shooting t1i1 
liigli-voltage power supply of Tektroni, 
oscilloscopes : H e  removes the cover f son 
the Iiigli-voltage supply and itispects tlil 
filaments of the type 5612 tubes. Should 11, 
fitid tlie f il:\menls of one tube glowin1 
brighter than tlie others, lie replaces tha 
tube on suspicioti. 

Tlie type 5642 tube lias a direct lieatel 
cathode. T h e  filament o r  heater wires a s  
coated with an emitting material and thi 
niaterial acts ;is the cathode for  the tubc 
Over a period of time sublimation of thi 

11i;iterial takes place and the catliotle emits 
f e ~ v e r  and fe\ver electrons, finally reaching 
a point where clectron emission is too low 
for  the tube to function properly. Tliis low 
eiiiission is one of tiiost common causes of 
i:ulty performance in these liigh voltage 
po\ver supplies. 

Ron claims that it takes only :t few mill- 
utes to d i i p  o f f  the cover and replace a 
faulty tulle antl it call save hours of frustra- 
tion in trying to trouble-shoot with a meter. 

Other difficulties can develop in the 

'ila~iients continue to glow too brightly in- 
Iicates the need for  a more thorougll 
nvestigation of the high voltage supply. 
41~0,  reoccurrence of unnatural filament 
~riglittiess in replaced 5642's af ter  only 
I relatively short period of operation (50 
o 100 hours) suggests tlie need for  this 
nore co~iipreliensive investigation. 
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T Y P E  60 A M P L I F I E R - I N S T R U C -  
T I O N  MANUAI, C O R R E C T I O N  

St;trting with serial number 432, the Type 
iO Plug-In was modified to operate 11431 
i~itl \TIII f rom tlie regulated tlc-filament 
;upply, ; i d  to delete H U M  B A L A N C E  
control R493. 

Info1-1ii;1tion concerning the modification 
\ v x  i~iadvertently omitted f rom the Type 
60 Instructioti M:uiual until serial number 
180, \vlien tlie omission w;is discovered ;iml 
the m:luu;d corrected. 

O\vners of Type 60 Plug-111 ;il>ove seri:il 
number 432 \vliose mmuals  do not :igree 
with the instruments circuitry may order 
uptlated sclie~iiatics. Te1;tronix numher for 
the sc1icrn;ltic is 061-374. Order tlirougli 
yo11r nearest Tektronis  Field Office or  
overseas representative. There is no c1i:trge 
for  one or  two copies. 

p o ~ e r  supply that will cause the filaments 
of one or  tnore of the 5612 tubes to glow 
unnaturally A replaced 5642 tube whose 
f 
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T Y P E  502MOI3101 OSCILTdOSCOI'E-- 
TNCKEASING K E O X  I I . IFE 

You can ex le~id  tlie life ex1)ect;cncy of the 
"READY" neon in this i~istrument by re- 
moving tlie strap, located hetween tile neon 
m t l  ground on the SIXGI-E S \ \ ' E E P  
toggle sn.itcli, :\nd inst;tlling ;i 27 I;, T/z  w ~ t t ,  
10% I-esistor mounted hetween the neoli 
antl tlle detent plate of the T R I G G E R  
SET-ECTOR s\vitcli. 

T Y P E  501 A N D  T Y P E  RM501 OSCII-- 
I.OSCOI'E-DECRE.4SIXG T U B E  S E -  
1,ECTION 

You c:in tlecrense tlic tiecessity o i  t h e  
selection for \'21 in tliese instl-uments hy 
11i:il;ing the follo\ving c1i:uiges : 

( I ) .  Re~iiove R26, a 1001; T/z  wit t ,  10% 
resistor ;uid replace it ~vit l i  a 1201;. 
T/r  \vatt, 1% precision resistor. 

( 2 ) .  Rcuiove R28, a 331;, 1 w:ttt, 10% 
resistor and replace i t  \\.it11 ;I 331;. 
1 ivatt, 1% precision resistor. 

Tliis modific:ition applies to Type 501 
instruments \\.it11 serial nu~nhers  helow 530 
and Type IiM.501 instruments \\.it11 serial 
tiutnbers below 550. Instruments with 
higher serial numl~ers have this tnodifi- 
cation incorporated at  the factory. 



QUESTIONS FROM THE FIELD 

Q. I 've 1i:1d sonic trouble u-it11 a Type 507 
:ircing at the crt anode co~uiector. Ho\v 
c:m I correct this? 

A .  Sometimes :I conductive coating on tlie 
c r t  gl:iss :uid anode button nil1 cause 
ilie :lrci~ig you describe. T r y  scrubbing 
t l ~ c  :umtlc l~uttoii antl surrounding glass 
:ire:\ \\.it11 alcoliol o r  acetone. Cliecli the 
lengtli of the anode brusli and trim the 
Ijrusli if it bows. Txvist tlie brush to 
prevent loose strands. 

In r : m  cnscs the crt may he rot:itetl 
f:lr enougl~ for  arcing to occur bet\veen 
I~utton :~titl shield. \\'elve heen able to 
cure t l ~ i s  prol)lem \vith Corona Dope 
(General Cement No. 47-2 or  equi- 
\rnle~it). Apply tlie dope to the inside 
of tlie shield. Paint  a band about 1.5 
i i ~ c l ~ e s  wide overlapping the seam be- 
tween the light cap and the crt shield. 
Apply two coats. 

Q. \\'lien vie\ving I-psec time mnrliers from 
t h e  output of tlie Type 181 Time-Mark 
Generator, \vliile triggering the scope 
externally \vith 100-psec markel-s from 
the  front p:uiel binding post of the Type 
181, we have a spurious pulse of less 
intciisity than the main pulse. Ho\v c m  
me get rid of this spurious pulse? 

A. T h e  pulse is actually very regular, but 
appears sp111-ious \vl~en tlie sweep is trig- 
gered at a repetition rate higher t1i;ui 
I kc. Every 10th 100-flsec pulse is loatl- 
ed hy the 1-msec multi, \vliich shifts the 
tiiilc position of e \ w y  lot11 100-psec mnrli 
slightly \vitli respect to the otlicrs. \\.lien 
:In occasion:~l snecp  is started hy the 
"spi~rious" 100-pscc marker, faster pulses 
\\.ill he out of relationship .ivith tlie 
majority ;\nd .ivill appear to be spurious. 
Tlie condition is normal in tlie Type 181, 
but can be improved by putting :k 12 pf 
c:ip:~citor across R170, a 2 2 k ,  %w, 
10% conip. resistor. 

TYPE 567 TEST SET-UP CHART 

TYPE 6 R I  DIGITAL UNlT 

DATA: T h i s  i s  a  Type 567 Tes t  Set-up Chart .  I t  p r o v i d e s  a  ready  means of  reco rd -  
i n g  i n s t r u m e n t  c o n t r o l  s e t t i n g s  f o r  any g i v e n  t e s t  o r  p r o d u c t i o n  s e t  up. R  
f a c s i m i l e  o f  t h e  t r a c e  r e s u l t i n g  f r o m  t h e  s e t  up can be drawn on t h e  c h a r t  
g r a t i c u l e  o r  a  p i c t u r e  of t h e  waveform a t t a c h e d  t o  t h e  c h a r t .  I n  t h a  "DATA" 
space, where t h i s  message t o  you i s  p r i n t e d ,  s p e c i a l  i n s t r u c t i o n s  o r  p e r t i -  
n e n t  i n f o r m a t i o n  concern ing  t h e  t e s t  o r  p r o d u c t i o n  s e t  up can be recorded.  

Besides t h e  Type 567 D i g i t a l  Readout O s c i l l o s c o p e ,  Tes t  Set-Up Char ts  a r e  
a l s o  a v a i l a b l e  f o r  t h e  f o l l o w i n g  i n s t r u m e n t s :  Type 502, Type 503, Type 545R 
( w i t h  CR, R, o r  Z P lug - In  U n i t s ) ,  Type 570 and Type 575 Osc i l l oscopes .  

Your T e k t r o n i x  F i e l d  Engineer w i l l  be g l a d  t o  g i v s  you more d e t a i l e d  i n f o r -  
m a t i o n  on these  Tes t  Set-Up Charts .  Why n o t  c a l l  h im r i g h t  now? 

TEK 001-8260 TEKTRONIX, INC. 

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a fully-eqr~ipped antl properly-staffed Tekt ronix  I n -  
A-2154 strutnent  Repair  Stat ion near  you. A s k  your  Field Engineer  about  Tekt ronix  Ins t rument -Repai r  facilities. 1 2 / 6 2  
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INTRODUCTION 
TO 

OPERATIONAL AMPLIFIERS 

'i: The operational amplifiers of the Tektronix 

Type 0 Operat ional  Amplifier also provide 

access to a non-inverting input. Uses of 

this "+-inputM or  "-1-grid" are discussed 

later. 

9 
- Inpu t  p---! output 

I faedback - 
I I n  E out 

po in t  
( b )  

J 
0 

E out  

~ u i l  
po in t  

( c )  

Figure 1 .  Conventional Operational Ampli 

pl i f ier Symbols. 

(a)  The input is to the base of the tr iangulol 

symbol, the output i s  from the apex 

opposite. The -input and output are 

out-of-phase (arrows]. 

(b) Feedback element Z i  provides the nega- 

ative feedback to permit high-accuracy 

operations. The amplif ier seeks a null 

at the input by providing feedback cur- 

rent through Z: equal and opposite to 

the input current I,,. Output  voltage i s  
whatever i s  necessary to provide required 

balancing current through Zi. 

( c )  Input element Z,  converts a voltage signal 
(E, , ]  to current, which i s  balanced by 

current through Zi .  

0p~rir / i i111~1/ A, l~ i~p/ i j i e r  .Si~r/zs I-i~/t(i:/e :YI(// 
tit - - I I ~ ~ I / /  
An oper:itioiiaI a i~~pl i f ie r ,  using negative 

ieetll~:icli, functions in t l ~ e  m:ini~er of :i seli- 
I n l x ~ i ~ i ~ i g  l)ritlge, 1)1mvitIi1ig t l i ro~~gl i  the 
fectll);icli clement \vli;ite\w cul-relit is neces- 
sary to hold tlic -input ;it I I I I I I  (grounil 
potenti:d). See Figure 1-11 The  output sig- 
1 ~ 1 1  is ;I function of this current and the i n -  
1,etl:iiice o i  the feetll):iclc elc~nent. 

7 .  I l ~ e  --input, licltl to ground potential by 
 lie ieetll,;\cl; current, a p l m r s  :is :I very low 
i m ~ ~ e t l ; u ~ c e  t i )  any signal source. Using rc- 
sistive ieetllmck, lo r  inst:lnce, the i ~ ~ p r ~ t  ;I])- 
1Ie;ci.s to 11c the rcsist;wce o i  the fcetll,:tcl.: 
element, tlivitletl 1)). the opei~-circuit gain of 
t11e ope~-:itio~i:iI :inipIificr, 

If current is applied to the -input, it  
,vault1 teiitl to develop voltage across the 
mpcdruice of ieetlbacli element, and move 
(he -input ;~\v;iy from ground potential. T h e  
sutput, hoivever, slvings in the opposite di- 
rection, pro\.itling current to balance the 
input current and hold the -input at  
ground. T f  the impedance of the feedbacl.: 
elenleiit is high, the output voltage must 
I)ccome quite high to pro\~ide enough current 
to 11al;mce even n small input current. 

Iiip~rt lilcii~eirt %, Coilzvrts Itzpzrf S i p c r l  
to C-~trreilt 

Since w e  more often have to deal with 
\dt ; i j ie  r;itl~er than current signals, an adtli- 
tion:il element is used in most operational 
;implifier applications, designated "Zi" (input 
inipctl;unce). This  is an impeclance placed in 
ser-ics wit11 the -input, converting into 
cr/rrril/ that parameter of the input signal 
\vliich we want to appear a s  voltage :it the 
output (Figure l -c ) .  

l i Zi  and Zr ;ire both resistors (Figure 2 ) ,  
tlie operational ;<mpli£ier becotnes a simple 
\rolt:ige :impliiier, the gxin of which is 
-Z, /Zi .  

Figure 2 

(a)  Operat ional  amplif ier using resistors for 

both Z a n d  Z: becomes fixed-gain l inear 

-z! 
amplif ier. Ga in  is -. 

z; 
i b l  "See-Saw" operation of operational om- 

plif ier. System appears to pivot about 

a fulcrum (the null point 6) whose "loca- 

t ion" i s  determined by Z:/Zi. 

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped a n d  properly-staffed Tekt ronix  I n -  
A-2161  s t rument  Repair  Stat ion n e a r  you.  A s k  y o u r  Field Engineer  about  T e k t r o n i x  Ins t rument -Repai r  facilities. 



L e t ' s  examine the niechanism by wliicli 
th i s  works. Referring again to Figure 2, 
w e  apply a voltage to point A, causing 
c u r r e n t  to flow through Zi. W e r e  it not for  
t h e  operational amplifier, this current would 
a l s o  flow througli Zt and to  ground through 
tlie low inlpedance at  point C, making Z i  
a n d  Zr a voltage divider, and raising the 
vo l tage  a t  point B. However, the opera- 
t ional  amplifier operates to liold the voltage 
a t  point B (the -input) at  ground potential. 
T o  d o  this, it niust supply a t  point C a 
voltage .which will cause a current to flow 
t l i rough Zr wliicli will just balance the cur- 
ren t  flowing througli Zi. When point I3 is 
thus  held at  ground potential, the voltage 
across  Zi is obviously equal to the applied 
voltage a t  A. 

Output Voltnge i s  Input Czcrre~lt X Iiuped- 
nnce o f  Z, 

T h e  current througli Zi is equal to tlie 
applied voltage a t  A divided by tlie ini- 
pedance ( in this case, resistance) of Zi, o r  
Ei,,/Zi. Tliis same value of current must 
f l o w  through ZI in order to keep point R at 
ground.  The  voltage at  point C, tlien, must 
be Ei,,/Zi (which is the value of the current 
in Z r )  multiplied by Zr. Tlie output is in- 
verted (of opposite polarity) f r o ~ r  t h y  input, 

- 
Z r so  w e  say that EotLt = ( F E i n )  (T), alld 

. , 
tlie voltage gain of this amplifier configur- 

-Zr at ion is seen to be - zi ' 

See-Snzu Opernfiott 
A s  indicated in Figure 2-b, the opera- 

tional amplifier witli resistive input and 
feedback elements acts in see-saw fashion, 
tlie atiiplifier moving the output entl of tlie 
see-saw in response to any motion of the 
input end, causing the system to pivot about 
an imaginary fulcrum, which is the "sensing 
point" (-input). The  distance f rom tlie 
near  end to the sensing point o r  fulcrum 
corresponds to tlie Zi o r  input resistor, antl 
tlie distance f rom tlie fulcruni to the f a r  entl 
corresponds to Zr. T h e  motion of tlie f a r  
end depends on the motion of the near end 
and the ratio of the two distances. This  
analogy suggests tliat the operational anipli- 
fier may be used to solve dynamic problems 
in mechanical engineering, and so it can. 
One  of the principal uses of operational 
amplifiers has been in the rapid solution of 
complex mechanical o r  hydraulic prohlems 
I,y means of electronic analogs of rnecliani- 
cal o r  Iiytlraulic systems: operational anipli- 
f iers  a re  the basic components of an analog 
computer. 

A s  may be expected, simple linear voltage 
;mplification by precise gain factors is, 
though useful, not by any means the limit 
of t h e  operational atiiplifier's capabilities. 

Cnpacitor as Z, Senses Rtrte-of-Chcrnge 
Remembering that an operational anipli- 

fier with a resistor a s  a feedback element 
responds with an output voltage equal to  
tlie product of tlie input current anti tlie 
feedback resistance, let's consider what  lisp- 
pens if a capacitor is used instead of a 
resistor a s  Zi (Figure 3) .  

Figure 3. 
Operational Amplif ier as Differentiator. Ou t -  

put is proporfional to role-of-change of input 

-dE,n 
voltaqe. E,,t = - X RC 

The current througli a capacitor is propor- 
tional to the l-ate-of-chn11gr of the voltage 
across the capacitor. A steady state D C  
voltage across a capacitor (assuniing ;111 
/ "  deal" capacitor) passes no current tlirough 
the capacitor, so no balancing current need 
be furnished by the output to liold the 
-input of tlie operational amplifier ;it 
ground. Tlie output voltage tlien, is zero. 

If the voltage a t  the inpul is changed, 
however, tlie chnnge causes a current to 
flow tlirough capacitor Z, .  T h e  ai i iow~f  of 
current that flows is directly proportional 
to tlie capacitance of Zi times the l-citr of 
c h m g e  of the input voltage. 

Let's assume tliat tlie potential at  point A 
is + lOOv DC, and that we change it 
smoothly to 4-95 v D C  in five secontls. This  
represents a rate of change of one volt per 
second, tlie cliange taking place over a period 
of five seconds. If the value of Zi is 1 p i ,  
then, a current of -1 microampere will 
flow tlirougli Z ,  for  tliose 5 seconds. 

Tlie operational amplifier ~v i l l  cause an 
equal and opposite current to flow in Zr. 
If we select a value of 1 megolim for  Zr, 
tlie one microampere current necessary to 
balance tlie circuit will require + I  v to a1)- 
pear at  the output of tlie operational ampli- 
fier, during the time that 1 pa current f lo~vs  
through tlie capacitor. 

This operation is di f f err~ i f i c~ i io~l  : sensing 
the rc~fe-of-cl~czngr of an input voltage, antl 
providing an output voltage proportional to 
tliat rate of change. 

T h e  actual relationship of output to input 

1 E  ' 
expression ---- ~ndicates tlie rate o i  change 

11 t .. . 

(in volts per second) of the input signal 
at  any given instant, and R and C a r e  Z r  

and Zi respectively. 
111 our example, we used a const:unt rate 

of cliange, and obtained a constmt volt:ige 
level out. Had  the rate been less even, the 
output sigtial would have tlemonstr;~ted 
tliis dramatic;dly witli wide v:iri:~tions ill 
amplitude. T h e  differentiator senses I)otl~ 
tlie rate :ind direction of cliatige, and is vcr). 
useful in detecting small variations of slope 
or  discontiiiuities in waveforms. 

1)iffrrerzfiofor Ntrs liisitzg ..\i~llc I f  '(re,(- 
Resp~tz .~r  Chc7rcrcferisfic 

I n  responding to sine-wives, t l ~ e  tlif fer- 
entiator Iias a rising cli;tr;~cteristic directly 
proportioiial to frequency, \vithin its on.n 
l,atidwitltli limitations (see Figure 7 ) .  The  
output voltage is equal to  (Ei , , )  ( & f R C ) ,  
and tlie output waveform is shifted in p11;ise 

by -90" fro111 the input (tlie phase di if t  
across the capacitor IS actuall) +90°, but 
the output 1s ~nverted,  shiftmy 11 another 
180"). 3 

Cnptrcifol- cis Z, Seme.c Iwpltf .4i11plitlidr 
wtd Iltcrcrtio~z 

If we interchange the resistor and capaci- 
tor used for  differentiation, and use a re- 
sistor for  Zi and a capacitor for  Zr (Figul-e 
I )  we obtain, as  might be expected, the ex- 
act opposite characteristics from tliose oh- 
tained above. \\'liile in tlif ferentiation \ve 
obtained an output voltage proportional to 
tlie rate of cliange of tlie input, by swapping 
tlie resistor and capacitor, the output signal 
I,eco~iies :t rate of c1i;uigc \vliich is propor- 
tional to the input voltage. 

Tliis cliaracteristic allows us to use the 
operational amplifier for  integration, since 
tlie instantaneous value of output voltage at 
any time is :i measure of both tlie anipl i t~~tlc 
antl duration ( u p  to that time) of the input 
signal - to he exact, a sum of all the 
arnplitutles, multiplied by their durations, o r  
the input waveform since the start  of the 
measurement. 

Here's how integration works:  1x1's as- 
sume the cotiditions of Figure 4 (Zi = 1 
~iieg,  Z r  = 1 p i ) ,  antl xi input signal level 
of zero volts. Y o  current flows tlirougli 
Z , ,  so tlie operational amplifier needs to 
supply no lnlancing current tlirougli ZF. 
Suppose now we apply :I D C  voltage oi 
-1 v to Zi. Tliis will cause a current of 
-1pa to flow in Zi, antl the operatio11:d 
amplifier will seek to provide ;I balancing 
current through Zr. T o  obtain a steady 
current of 1 p : ~  tlirough 1 pf ,  the opera- 
tion;d amplifier will have to provide a con- 
tinu;dly rising voltage at  the output, tlie rate 
of rise  required being 1 volt per secontl. 
Tt will continue to provide this rate of rise 
until tlie input voltage is changed or  tlie 
amplifier reaches its sxving limit ("l~ottoms 
out"), o r  approaches its open-loop gain. 

Now, tliis rate-of-rise, tliougli helpful i t 1  

understanding the nieclianism by \vliicli tlle 
operational amplifier performs integrntioii, 
is not tlie "answer" we seek from an inte- 
grator. The  signiiicant characteristics is tlie 
e m c t  voltage level at a certxin time, o r  aftei- 
:I certain interval. 

Figure 4 

Operational Amplif ier as Integrator. Output  

ro le of change is proporl ional to input 

f E,,, dt RC I" the exomple here IS 1 

second. Output, then, is 1 volt per second 

per volt input, and-most important-the 

output level at anytime is one vol l  per volt- 

second input. 

@ 1963, Tektronix,  Inc 
A l l  Rights Reserved 



Integrnfor Holds Final Level Until Reset 
Before the amplifier reaches its output 

limit, suppose w e  remove the input voltage 
t o  Zi. The output does not return to ground, 
b u t  remains a t  tlie level it reached just be- 
i o r e  the signal was removed. Tlie rate of 
r i se  has stopped because the necessity for  
provitling + l  p a  tl~rougli Zr  to maintain tlie 
null  at the -input has been removed. \Vith 
a n  ideal capacitor and amplifier, the output 
voltage would rem:tin at  the last level 
reached indefinitely, until an input signal 
o f  the opposite polarity were applied to Z,, 
a n d  a negative-going rate of change at the 
output  were required to maintain the null 
a t  the -input. 

If the positive input signal is greater than 
o u r  original -1 volt, it will take less time 
f o r  tlie output voltage to reach zero than it 
originally took to rise. If the positive sig- 
nal  is smaller, it  will t a l e  more time. 

The  absolute output level of tlie integrator 
: ~ t  the end of some interval is tlie sum of the 
products of all the voltages applied to Zi 
since the output was at  zero, times tlie dura- 
tions of these voltages, that sun1 divided 
b y  -RC. 

Inferfiretifig Ansztvrs  Obtniwed 1;roiil In -  
t rgrc~for  

The ~natlie~iiatical expression for  the out- 
put level reached in a given interval of time 
(T? - T , )  is a s  follows: 

Tlie integral sign indicates that the value 
t o  be used is the s ~ m  of all of tlie products 
(Ei, ,  S dt )  shown, hetween the limits ( T I ,  
T!) noted. Tlie expression "dt" indicates 
in£ ~nitely small increments of time. 

I t  is not necessary, however, to understand 
antl be able to manipulate expressions in in- 
tegral calculus to understand and malie use 
of an operational amplifier integrator. 

The integrator provides a voltage output 
proportional to  the net number of volt- 
seconds applied to the input. If the total 
volt-seconds of one polarity is equalled by 
those of the opposite polarity, the output 
level at  the end of the selected interval will 
be zero. Let's look at  some examples. 

Siiirple Exniiiplr of Dnfn  Froiii I t l fegmtor 
First, we'll assume the signal we want to 

integrate is a simple one-volt positive pulse 
of one second tluratioti (F igure  5 ) .  The  sum 
of a11 voltages times durations hetween TI 
and T? is one volt-second. Using 1 megohm 
antl 1 microfarad for  Zi and ZI, the opera- 
tional atnplifier output will fall a t  the rate 

of one volt per second 
. , 

ond, reaching -I v when the pulse ends. 
:wtl remaining at  tliat level. 

Tn rending this output level at T:: we Imov 
that tlie input signal has a~nounted to 1 volt- 
second t l r~ring the interval TI to T1. Notc 
:dso tliat a later ohservatioti, a t  T1, aiver 
tlie same answer, since E,,, lias heen O he 
tween T:: and Tn. 

I n p u t  

V 

I n t e g r a t o r  
O u t p u t  (In- 

d i c a t e s  one 
v o l t - s e c o n d  
i n p u t )  

Figure 5. 
Simple case of integrating 1-volt-second 

pulse. Integrator does not improve meos- 

urement accuracy in so simple a case. 

I n p u t  I n t e g r a t o r  

Figure 6. 
Integrating more complex waveforms t o  de- 

termine "area under the curve" between Ti 
and T?. No te  that in (c) the negative portion 

of the input waveform reduces the net inte- 

gro l  

the waveform in Figure 6-a. I t s  four volt- 
age levels, of different duration, cause the 
integrator output to fall at  four different 
r;~tes, reaching a final level representing the 
total number of volt-seconds contained in 
the waveform. I t  sliould be apparent now 
that the integrator can measure the total 
volt-seconds contained in even the very com- 
plex waveform of Figure 6-h - something 
that would he difficult to tileasure by direct 
observation of tlie wavefor~ii .  This  type of 
operation is often referred to a s  "taking 
the area under the curve," since the area 
r~t~derneatli ;I \vxvefortn plotted against time 
(i.e., the area hountled hp T,, T?, the wave- 
f o r ~ i i  antl the line representing O volts) is 
tlie numher of volt-seconds involved. Note, 
too, that we needn't wait fo r  T: to ohtain 
a reading : the instantaneous value of E,,,, 

o u t p u t  

at  nny t iwe is proportional to tlie input volt- 
seconds up to  that time. 
IJsing D i f f r ~ e n f  Values of R and C 

In  the cases we've used for  illustration, 
R C  was 1 ( lOOx lo-'), and the nutiierical 
value of the output voltage a t  the end of the 
integrating interval was the numher of volt- 
seconds in the input wavefornl. Using other 
wlues  of R and C requires some additional 
calculation. T o  find the actual input volt- 
seconds, m~lltiply the output voltage hy 
(-RC).  Example : R is 200 k ,  C is .O1 pf 
antl tlie output voltage after  tlie selected 
interval is -2.5 volts. Multiplying -2.5 
hy (-2 x 10" x 1 x lo-') gives us 5 x lo-', 
o r  5 millivolt-seconds, positive polarity. Note 
that hecause of the polarity-reversal in the 
amplifier, we  multiply by (-RC), to obtain 
the proper sign in the answer. 



T o  measure ampere-seconds, Zi is omitted, 
and the current source is applied tlirectly to 
tlie -input. T h e  output level re:1clied in :I 

given time ( T ?  -T,) is Ii,, (It. 

In tegra tor  Response to + nr~d  - .Sigtltrl.s 
I f  a wavefortn to be integrated contains 

hot11 positive and ~iegative polarity portions 
dur ing  the integrating interval, the output 
will be proportional to tlie diffcirrzcr he- 
t\veeii the volt-seco~itls of e:~cli pol:\rity, the 
integrator being an averaging device. If it's 
tlesired to add the two polarities instead o i  
allowing them to  be subtracted, it is neces- 
sa ry  to precede the integrator \\.it11 ;ui ":iI)- 
solute-value amplifier" (full wave rcctiiier) 
xvliich inverts one of the polarities. 

A'eccssity to "Rrsct" Iniegrtrfor Aj to-  T ,  
T h e  "integrating interv:il" (T, to T,) Ilas 

been mentioned several times. Bec:\use \ve 

frequently (leal ~vit l i  repetitive sign:tis; and 
contitiued integr:ction of a \v;iveior~ii \vIiicli 
is not perfectly symmetric;il \vitli r e s ~ ~ c c t  to 
zero volts \\.ill eventu:tlly drive the opcr;i- 
tional :irnplifier to its output voltage liiiiit, 
it's tlesir:il~le to Ii:\ve some \vay of returniiig 
the output to zero :it or :titer T-, the end o i  
the tlesired interv;il. 

F o r  slo\v ~vorlc, a puslil~uttoii wliicli c:ui IIC 
used to discli:ir::e Zr m:inu;~ll>. is usu:tlly su i -  
iicient. Other circuits \zliicii m i y  11e usetl 
to perforni this function :iuto~ii:iticnlly :ire 
slio\v~i in tlie npplic;ilions section o i  tlie 
Type 0 - u n i t  manu:il. \\71ere tile intcgr:iti~ig 
interv:d is quite sliort, IIC net\\-orlcs in:iy 11e 
pl:\ccd around Zr to return the output level 
to 0 v through ;i time const:uit much Ionxer 
(e.g., 1 0 0 1 )  t1i:ui the integr:tting intei-v:d 

In  the Type 0 Unit, the "Integr:\to~- 1.F 
licject" switcli-positions perform t l ~ i s  i u ~ i c -  
tion \vlienevcr ZE is set to n cnp:\citive v:\luc. 

Since the LF Reject circuit oper:ites con- 
tinuall). to return the integr:itor output to 
z c l q  it is necessary not only to keep tile 
i~xtegr:iti~ig i~iter\.al sliort \\.it11 respect to 
the L F  Reject time-const:int, hut also to 
me:lsure E,, before it Ii:is had a cliance to 
tlecny, \vlic~ievcr these circuits :ire used. The  
\.slue of resistors usetl in the circuit \vill 
:ilso Ii~iiit the ~ii :ni~iiui i i  output o11tai1i:~hIe 

I-,,,,, 
f o r  :1ny given xnplitude input (h1:ix 

E, , ,  
- - -- Iir - , \viicrc R, is the resistance of the 

% i 
1.F Reject circuit. 

Iicsrf o r  1-1: Rcjcct lirrpcrcrfizv 11'11rr1 
%I = C is Siircill 

L s e  of resetting or  LF reject circuits is 
usually iiii1)er;ttive when sm:lll \;;ilues of: C 
arc  used i o r  Zr, s i~icc tile small aiiiount of 
grid current wliicli flo\vs in the -input 

grit1 even in tlic nl~sence of :in iiiput signal 
is suificieiit to cause :l rc1:itively r:tpid rise 
in output volt:ige as tlie o~~cr:rtioi~:il :t~iipli- 
i ier  tries to hold the -input null \vith 1x11- 
:uicing cui-rent tlirougli Zf. 

l?rspoirsc of Itttcgrotoi t o  Sirrr 1 1 ~ ~ 1 ~ ~ r . s  
For  s i ~ ~ e  \vnvcs, the gain of the ititegrator 

v;iries inversely \villi frequency, tile actual 
- 1 

g ; ~ i n  k i n g  --, except as liniited 11y the 
2- i I i C  

open-loop gain (at  low frequencies) ;mtl 
the open-loop gain-l~:uitl~vitlth product :it 
high frequencies (see Figure 7) .  .At lo\v 
frequencies, the gain becomes less tli;ui the 
formul:~ \vould indicate, the effect I~ecoining 
rioticenl,le at tlie point where the ior~iiul;\ 
indicates ;t gain of ;ipprosim:ltely 1/3 the 
open loop gain. A t  high frequencies, the 
error  l~eco~iics signiiic:uit al~oue ;ipprosi- 
m;itcly 1/10 of the oyeii-loop g:\iii-l):intl- 
\vitltli protluct. Except :\s limited :\hove, 
tlie integr:ilor shifts the p l i ; ~  oi  the input 
sine n.:tve 11y 4-90". 

ANODE-CONNECTOR ARCING IN 
THE TYPE 507 OSCILLOSCOPE 

I n  the Slece~iiber '62 issue o i  S E R I ~ T C I ?  
S C O P E  we suggested ;I cure for :u-cing at 
the :inode connector in the Type 507 Oscil- 
loscope. Sn a good m:iny inst:uices this 
cure proved eiiective. T-Io\vcver, luitler di i-  
iicult envii-o~iiiient:il co~itlitions, arcing m:iy 
pel-sist. I-Iuniitlily, ;iltitutlc, teml)er;iture :mtl 
other ;itmosplieric co~itlitions can contrilx~tc 
to tlie proclivity o i  tlic Type 507 to\v:irtl 
arcing. Tliis teiitlency stems froiii the 20 liv 
present :it the :tnotlc connector of this in- 
st rument. 

Il;ippily, we can 11o\v offer  :I more ei iec-  
live solution to t l ~ i s  prol)lcm. X ne\v :inotle 
coiincctoi-, tlevelopetl rccently 1)y our Instru- 
Inelit M;uiui;icturi~ig Staff  I<~igiiicers, ex- 
Iiil~its :\ rem:~rlc:il~lc :\l)ility to resist :~rcing.  
7 .  1 estetl under severe enviro11mciit;\1 contli- 
lions tliis connector, in aliiiost every ill- 
st:11ice, cliiiii~i:itetl o r  tlr;tstic:dly rctlucetl 
: \~iot le-co~i~iecto~- ;~rci~i::.. 

T ~ y e  507's xvith scl-i;il nunil)crs :\l)ovc 
418 1i;ive tliis 11civ :~notle counector i~ist:illctl 
:it tlie i;ictol-~.. Type 507's ~vitli seri:il 11~111- 
{)el-s 418 ; ~ i i t l  ui~tler \\.ill rc;\tlily ;icccl~t it. 
:\ \\.o~-tl o i  c;~ution 11~1-c: l'lic silicoii i-ul)l~c~- 
( - ~ v c r  o i  the I W \ V  c o ~ i ~ ~ c ~ t o r ,  ;iltl~ou::l~ l ~ i g l ~ l y  
resist:u~t to :irci~lg is ;I very e:isily tl:in1:1gctl 
~ i i : t c r i i .  I t  is quite tcntlcr, :uid c;irc must 
i ~ c  czcl-cisctl \ \ . I I C I I  iiist:llli~~g :uid coiinccti~~g 
l l ~ c  co1111ccior. :4voitl t l ~ c  use of s l ~ ; i ~ - p  poi~it- 



ecl 01- edged tools. A liolc tlirougli the sili- 
con ~-u l>l~er  covering destroys tlie effective- 
ness of the connector. 

7 .  

l l ie  T~l i t ro i i ix  p ;~r t  iiuml~cr for t l ~ i s  ne\\- 
coii~iector is 131-238. Price is $2.50. Ostler 
tlirougli your local Teli t roi~is  Field Of i icc  
or  Field Engineer. 

SERVICE H I N T S  

U1OI)E IIEP12.ACEXIENT I S  TY1'I.I. 503, 
ICll503, 501 A S D  IiM501 O S C I I L O -  
SCOl'ES 

110 not use "oii-the-sheli" diotles \vlien 
rep1:~ing the ~sectifier diodes (D652, U662, 
11672 :1nd D682) in tlie po~ver supplies o i  
these i~istruments. If you \\.ill refer to the 
po\vcr supply sc1iem;itic for  any o l  these 
instruinents you \vill notice that \-620 ( a  
6DQ6A tube),  tlie primary of transfol-mer 
T620, and part of tlie secontlary of T620 
iorm :in Armstrong oscillator circuit to 
tlrivc T620 a t  about 25 kc. Recovery time, 
tlierefore, I)ecomcs ;in important consitler;l- 
tion in selecting these rectifier diodes. 

r o t  all types of power tliodes nor all the 
tliotles of any  one type have the short rccov- 
cry time required in this application. Diodes 
must he checked and only tliose with the 
required short  recovery time selectetl. Telc- 
troiiix part numbers 153-007 ;ind 153-008 
a re  sucli selected diotles. You may order 
tliese Iroin your 1oc:ll Telttronis Field O f -  
fice o r  Field Engineer. For  D652 speciiy 
1nrt  numlxr  153-008 antl for  D662, D672 
or  D682 specify part tiuml~er 153-007. 

T Y P E  321 O S C I L L O S C O P E  S\ \ 'EEP 
F A I L U R E  A T  10/h,lSEC A N D  S L O \ \ ' E R  
S\\ 'EEI '  R A S G E S  

"No Sn.cepV a t  tlie 10 msec/cm antl slower 
s w c p  r;uigcs iii the Type 321 Oscilloscope 
ge~ierally indicates I;~ilure o l  lioltloif capac- 
itor C180A, ;l 2 p f ,  25 volt electrolytic c:t- 
pacitor. 1nvestig:ition iiidicates tliai a cer- 
tain 11ra11tl of capxi tor  which 1r.c iormerly 
used in this application ~vil l  11ot give reliable 
service in tliis circuit. Slioultl you cxpcri- 
ence a i:~ilure of C180.4 in your Type 321 
Oscilloscol)c, repl;lce it with ;I Spr;igue 2 p i ,  
25 volt electrolytic cnp:~ i tor  - Tektronis  
p;u-t numl)er 290-121. 

82 I h l - T r a c e  or  Type 84 Test Plug-In 
Units. 

Pr ior  to  tile advent of these t\vo plug-in 
units, the Type 585 used a 6 amp fast-hlo\+- 
iuse. T h e  current tle~nands of tlie t ~ v o  nelv- 
co~ners  a re  a bit liiglicr tli:ln tliose of pre- 
viously designed plug-in units intended for  
use with the Type 58.5. At start-up time 01- 

;it high line voltage a Type 585/82 (or  84) 
coml~in:ltion can d r a \ ~  enough current to 
exceed the limit;1tions of the 6 amp fast- 
blow fuse. H o \ ~ e v e r ,  the design of the Type 
58.5 is sucli that you may s:tfely suhstitutc 
:i 7 Zuni) slo\v-Idon. fuse for  the original 6 
:Imp fuse. This  \vill minimize the cli;\nces 
of iiiterruption due to fuse failure. 

T Y P E  585 Oscilloscope \\.it11 serial nuni- 
I~ers  :~l)ove 4108 a r e  equipped with a 7 :unp 
slo~v-l)lo\v fuse at the factory. 

USED INSTRUMENTS FOR SALE 

1 Type 514D Oscilloscope, s/n 1135. In  ex- 
cellent condition. Lawrence Gevins, Elec- 
tronic I n s t r u ~ ~ ~ c n t s  for  Research, 4135 Hay- 
\vard Avenue, Baltimore, Maryland. * * * 
1 RM31.A Oscilloscope, s/n 1807. I l a r r y  
Ruckalter, Applied Systetns Corporation, 
025 East  Meadow Drive, Palo Alto, Cali- 
fornia. 

* * * 
1 Type 517A Oscilloscope, s/n not given but 
instrument is sai'd to be one year old. Jim 
Slia\v, Amelco, Inc., 12964 Panama Street, 
TAX Angeles 66, California. * * * 
1 Type 535 Oscilloscope, s/n 368. Ear l  
Ihl i l in,  Tally Register Corporation, 1310 
Mercer Street, Seattle, \VasIiingtot~. * * * 
1 Type 561 Oscilloscope, s/n 577. Fred 
Proctor ,  Proctor  :~nd  Associates, R o s  471, 
P,ellcvuc, \\ ' :d~ington. 

* * * 
1 Type 503 Oscilloscope, s/n not given hut 
instrument is approsimxtely two years old. 
Tlr. Siegfried Li i i t l e~~;~ ,  Electrosolids, 12740 
S;m Fernmtlo Road North, Sylmar, Calif. * * * 
1 Type 521D Oscilloscope, s/n 1799. H a s  
just h : ~ l  a complete overhaul. Joel Naive, 
2758 Bort lc;~us,  L a  Jolla, Cnlifornix. Phone:  
GI. 4-1313, * 2: * 
1 Type 502 Oscilloscope, s/n 3146. M.  Lip- 
shutz, Cofax Electronics, 537 Commerce 
Street, Fr;tnltlin Laltes, New Jersey. Phone : 
FE. 7-61 77. * * * 
1 Type M I'lug-In Prc:~mplifier, s/n 206. 
Used very little. Dr .  Ralph \\?anieli, Ad- 
v:~ncetl Kinetics, 1231 Victoria Street, Cost:+ 
Mes;~,  California, 

* * * 
1 Type 53/54C Plug-In Preamplifier, s/r 
20261. P r i c e :  $175.00. 1 Type IiM181 Time- 
ivI~u-I< Generator with crystal oven, s/n 1034 
Price : $195.00. 1 Tektronix Cr:idle Mount 
for  r:icl; tnounting :i Type 503 Oscilloscope 
Pr ice :  $20.00. Joseph M. I.3tielman, M.D. 
3.550 North Boulevard, 201 Medical Center 
Baton Rouge 6, Louisiana. 

. Type 535A Oscilloscope with a Type C A  
'lug-In Preamplifier, s/n not given but 
)wner says instrument is in new condition. 
i o s s  Farmer,  3675 \Vestwood Boulevard, 
Los Angeles 33, California. Phone:  V E r -  
nont  8-4753. * * * 
I Type  514AD Oscilloscope, s/n not given. 
Engineering Associates, 434 Patterson Road, 
Dayton 19, Ohio. At tn :  C. C. Littell, Jr .  * * * 
1 Type  53/54H Plug-In Preatnplifier, s/n 
1198. Blalte Lloyd, Engineer, Engineering 
Test Department, Metcom, Inc., 76 Lafay- 
ztte Street, Salem, Massachusetts. * * * 
1 Type  E Plug-In Preamplifier, s/n 003376. 
Used about one year. Bertram \Vellman, 
Instrumentation L a b o r a t o r y ,  Dartmouth 
Medical School, Hanover, New Hampshire. * * * 
1 Type M Plug-In Preamplifier, s/n 206, 
(very low mileage). Dr .  Ralph \\lanick, 
Advanced Kinetics, 1231 \'ictoria Street, 
Costa Mesa. California. 

Ititercontinental Electronics, located on 
S l ~ a m e s  Drive in \Vestbury, New York,  has 
:lslietl us to report their Type 524D Oscillo- 
scope, serial number 651, as  missing and 
presumably stolen. They ask that anyone 
with itiformation regarding this instrument 
contact them, either by mail at  the above 
;~tl<lress or  1)y telephone. Their phone num- 
her is 334-8300 in \d'estbury, New York. 

T h e  \\:isconsin Air  National Guard, either 
through theft o r  misplacement, suffered the 
loss of a Type 545A Oscilloscope, serial 
number 10661, and a Type 53/54I< Plug-In 
I'reamplifier, serial number 7048. These in- 
struments disappeared from the air  base 
on Noveml~er 30, 1962. 

Information concerning this oscilloscope 
and plug-in sliould he directed to Major  
Paul  H. Pol)crezny, Chief of Maintenance, 
\\'isconsin Ai r  National Guard, General 
Mitchell Field, 4840 South Howell Avenue, 
Milwaukee 7, \\'isconsin, Attn : BMO. 



USED INSTRUMENTS WANTED 

1 T y p e  310 or Type 310A Oscilloscope. Leo 
L. Stachowski, P .  0 .  Box 703, Newark, 
Ohio. * * * 
1 - 3" or 5" oscilloscope. Must have a 
triggered sweep. Condition of instrument 
not important, except that it must be repair- 
able. Will pay up to $300.00 for the right 
instrument. Contact: John M. Hicks, 329 
South Avenue, Pittsburgh, Pennsylvania. * * * 
1 T y p e  524D Oscilloscope. T .  Jorgenson, 
KXLY Television, West 315 Sprague Av- 
enue, Spokane 4, Washington. * * * 
1 Type  310A Oscilloscope. Joe Marie, Bron- 
son Instruments, 1643 Lee Road, Room 9, 
Cleveland 18, Ohio. Phone : 216-321-9339. * * * 
1 Type 503 or Type 504 Oscilloscope. Dr. 
James Nicol, Cyronetics Corporation, North- 
west Industrial Park,  Burlington, Massachu- 
setts. 

6AG7 TUBE PROBLEMS 

Recent reports from our Field Engineers 
contain a number of complai~lts regarding 
6AG7 tubes. Drift, con~pression, micro- 
phonics, interface and hum are the offen- 
sive characteristics con~plained against. 
These complaints are supported and rein- 
forced in the regular reports of our plant 
calibration personnel. Because of this, we 
requested an evaluation of 6AG7 tubes by 
our Material Evaluation Group. The results 
indicate that the greatest problems are drift 
and conipression, which appear to be related 
and the result of the same defect-a weak 
or inactive cathode. 

Fortunately, heating the cathode will in 
most cases activate (or reactivate) it. This 
heating of the cathode is done by raising the 
filament voltage to 18 volts for a period of 
about 30 seconds, with the other tube ele- 
ments floating or the tube biased below cut- 
off .  After tlie tube cools to normal tem- 
perature it is ready for use. Some tubes 
may require two or more such treatments. 

The heating or reactivation of the cathode 
can be readily accomplished on the Teli- 
tronix Type 570 Characteristic Curve 
Tracer. Here is the recommencled procedure 
for  this application: 

Procrdzirc for  Renctivnting 6AG7 Cothodcs 

Set up  the Tgpe 570 as follows: 

I. Plate Sweep Block 
A. P E A K  V O L T S  to 2OOv 
B. S E R I E S  LOAD to 300 .(I 

I I. 0per;~ting Voltage Blocli 
A. H E A T E R  to 6.3 v 

1. VARIABLE (red knol)) to 
10 o'clock (will he adjusted 
later) 

B. + DC to 200 v 
1. VARIABLE (red linoh) to 

12 o'clock (will he adjusted 
later) 

C. -DC, counter clocl.rwise 

111. POLVER 
A. MAINto O F F  
B. T E S T  to O F F  

IV. T E S T  P O S I T I O N  to O F F  

V. Voltmeter Block 
4 .  RANGE DC VOLTS to 350 
B. INDICATION to +DC 

VI. Grid Step Generator Blocli 
A. STEPS/SEC to left 120 

1. S T E P S / F A M I L Y  (red 
knob) to 12 o'clock 

B. VOLTS/STEP to .5 
1. S T A R T  A D J U S T  ( r e d  

knob), counter clockwise. 

VII .  C R T  Display Block 
A. V E R T I C A L  M A / D I V .  

(black) to 5 
1. Red knob to plate 

B. HORIZONTAL V O L T S /  
DIV (black) to 20 
1. Red linob to plate 

C. P O S I T I O N I N G  
1. VERTICAL to mid range 
2. HORIZONTAL t o  mid  

range 

VIII .  Install 8-pin octal-socket adapter 
plate 
A. Patch pins 1 & 5 to "I<" on 

test panel 
B. Patch pins 2 & 7 to H E A T E R  

jacks 
C. Patch pin 4 to GRID A jack 
D. Patch pin 6 to +DC jack 
E. Patch pin 8 to "P" jack 

IX. Install 6AG7 tube and turn on 
MAIN PO\\'ER. Position crt 
spot to lower left hand cor- 
ner of graticule. 

A. Turn on T E S T  PO\\rER 
switch and note a Iiorizontal 
trace of about 10 divisions. 

B. Switch T E S T  P O S I T I O S  
switch to GRID A anti note 
a family of curves (see Fig- 
ure 1 ) .  

Figure 1 
6AG7's wi th weak o r  inactive cathodes w i l l  

show excessive retrace lines (see arrow) on 

the top member of a family of curves. 

C. Switch the INDICATION 
control to H T R  atid adjust 
the VARIABLE (coticentric 
w ~ t h  the H E A T E R  control 

4 
and located in the Operatin:, 
Voltages Block) to give an 
80% readmg on the Tgpe 
570's Volts-DC-and-Heater- 
Volts ~neter.  Switch the I K -  
DICATION control back to 
+DC and adjust the VARI-  
ABLE (concentric to the 
+DC control and located in 
t h e  O p e r a t i n g  V o l t a g e s  
Block) to give a read~ng of 
150 v on the 350 v scale of 
the Type 570's Volts-DC-and- 
Heater-Volts meter. 

Figure 2 
Waveform photo (double exposure) showing 

the E, - I, curve o f  a 6AG7 wi th a weak 

or inactive cathode; (A) a t  the instant after 

depressing the ZERO BIAS button and (0) 

at the point of maximum deflection chonge 

during depression of the button. 

D. While observing the top curve 
push tlie ZERO B I A S  button 
and observe the deflection 
change (if any).  If this 
change is greater than one 
minor division on the grati- 
cule, proceed as follows : 
1. Set T E S T  POSITION 

switch to OFF .  
2. Set P O M r E R ,  T E S T  

switch to OFF .  
3. Disconnect the leads from 

+DC and "P" (on test 
panel). 

I. Rcset PO\\'ER, T E S T  
switch to O N  and ' turn 
H E A T E R  control to 25 
and le:ive there for 25 sec- 
onds (reactiviating time). 

5. Turn H E A T E R  control 
back to 6.3 and \vait 15 
secontls. 

6. Set P O \ \ ' E R ,  M A I N  
switch to O F F  and recon- 
ncct le:\ds tliscon~~ectetl in 
Step 3 al~ove. 

7 . S e t  bo th  P O \ \ ' E R  
s w i t c h e s ,  M A I N  a n d  
T E S T ,  to ON.  



8. Set  T E S T  P O S I T I O N  
switch to G R I D  A. After  
warm up t i d i e  check again 
as in Step I S ,  D .  There 
should be no change in 
plate current now. Ho\v- 
ever, if there still is a 
change, repeat Steps 1 
through 8 above and this 
time increase the reactivat- 
ing time to 45 seconds. I f ,  
af ter  this second attempt, 
the tube still exhibits an 
excessive deflection change 
~vlien the Z E R O  l31.4S 
button is depressed, it is 
probably beyond redemp- 
tion and sliould l)e dis- 
carded. 

In  P a r t  4 o i  D, under Step I S ,  of this 
procedure the load on the filament trans- 
former of the Type 570 is sufficient to 
drop the heater voltage applied to  the 6AG7 
to about 17.5 volts. Because of this load we 
reconmend that only one 6AG7 be processed 
at  a time. 

THE TYPE 130 L-C METER AND 
THE S-30 DELTA STANDARDS 

Question : In  measuring the inductance of 
a coil with a Type 130 L-C Meter, 1 
can increase inductance by inserting a 
core into the coil, but only up to a point, 
then the meter indication suddenly drops 
to zero. \\'llat is ~ v r o n g ?  

Answer : COI-e losses. L h n y  types of cores 
a re  suitable only for  low ircquency use, 
:mtl slio\v consitlerable loss (low Q)  at 
tlie 120-140 kc measurement frequency o i  
the Type  130 L-C. Core loss shoa;s up 
;is effective series resistance. The  Typc 
130 I.-C nlanual (Teli t ronis  past nu~nber  
070-231, page 2-4) provides correction 
tables f o r  1- measurements with k i m i r l  

series resist;mcc up to 40 ohms. \\'hen 
series resist;tnce reaches about 7.5 ol~ms,  
tlle Q of tlie entire variable oscil1;ttor 
t;uik circuit 1i;ts dropped to a level beneatli 
that required to sustain oscillation, antl 
the meter circuit-unable to follow ;t 

"tlif ference" frequency of 140 kc-ceases 
to iunction. Tliereiore, do not rely on 
tlle Typc  130 to measure coils which o w  
most of their inductance to their cores, 
p r t i c u l r l y  \vl~cre the core matel-i;il is 
intended for Ion-frecluency use. The  
Type  130 is intentled prim;crily for  nieas- 
using coils 11:tving high Q at 120-1401tc. 

Question: I untlerst;u~tl that ;t S-30 Delta 
Stand;mls can he "certified," tl-acealde to 
X.R.S. I s  this r ight? 

Answer : Yes. O n  an order for :t new 
S-30, simply request a certiiicate of t~-;tcc- 
;~l)le c;tlil,r;ttion. Tllere is no e s t r : ~  c1i;irge; 
I ~ u t ,  ;tllow extra time. 

operated at  120-140 kc. Most bridges at 
1 kc, Ilowever, and most "Q" meters don't 
provide drive frequencies beloiv 1 Mc. 
Since L l j  has a powdered-iron core, its 
inductance at 120-140 kc will not he quite 
the same as its inductance at  1 lic o r  1 Mc. 
In  addition, shunt capacitance across 1-15, 
representing perhaps 1/3 of 1% of L l i ' s  
admittance at  140kc, will throw a meas- 
urement at 1 Mc off by a130~1t 20%. 

Qucstion : IHow does the "1nduct;tnce Stantl- 
ardizer," mentioned in the Type 130 L-C 
manual, work? Isn't it  "circular calibra- 
tion" to use the Type 130 to check its 
o n n  standard ? 

Answer:  T h e  Type 130 L-C is usetl only 
;IS a frequency source and null indicator 
for  ;djustment of L l 5  in the S-30. The  
;~ctu;d scale calibration of the Type  130 
is not important. \\'hat is important is 
that the Type 130's fixed oscillator he 
within frequency tolerance ( * % kc or  
2 0.35%). 

Tlie inductance standardizes circuit con- 
sists of two circuits: a capacitor which 
is resonant at  140 kc with 300 ph, antl a 
resistor which has the same resistance a s  
the series-resonant circuit of 4310 pf and 
Ll.5 where they a r e  resonant at 140 kc. 

The  Type 130 is f i rs t  adjusted so that 
tlie variable oscillator produces just 140 
kc (zero beat with the fixed oscil1;~tor) 
in the 300ph position when looking into 
a circuit which appears to be a (nearly) 
pure resistance of 7.5 o l m s  a t  140 kc. 

The Type 130 is then connected to the 
series circuit of 4310pf and Ll5 .  If 
this circuit is resonant at  I lOkc,  the 
Type 130 meter reatls "zero." 

If L15's value is too high, the series 
circuit presents an inductive reactance 
to the Type 130, forcing tlic variable 
oscillator frequency down and causing 
the meter to read upscale. If Ll5's value 
is too low, the inductance standardizer 
appears as a capacitive reactance (nega- 
tive inductance) in series with tlie in- 
duct;~nce of the vari;thle oscillator tank 
coil, forcing the variable oscillator f re- 
quency up. Since the meter circuitry 
reatls only the "difference" between the 
fixed and variable oscillator frequencies, 
without regard to which is higher, an 
increase in variable oscillator i requenc~.  
also reads upscale on tlie meter. 

The  100 to 4 0 p h  inductor across tlic 
input to the inductance stand;~rtlizer is 
there to complete the oscillator's tlc grid 
return, \vhicli is blocl~ed by tlie 4310pf 
cap;tcitor. Since it is in the circuit 110th 
(luring the zeroing operation :mtl during 
1.1.5 ~~~~~~~~~~tliz;ttion, its small reactive 
effect across the 7.5 ohm circuit (its 
re ; tc t ;~~~ce  is 90-350 ohms at 140 kc)  has 
n o  ni;~teri;rl effect on the operation. A 
Ion-v;tlue resistor here would s w m t p  the 
111111, so an inductor is usetl. 

Question : T l ~ c  130 L-C manu;d says tc 
use 2% components in constructing the 
int1uct;tnce st;tntl;trtlizer. \\'ill a stantl- 
:trtlizer, so constructed, be :~tlecluate tc 
Iloltl 1% ca1ihr;ition of 1-15? 

l n s w e r :  N o !  2% components will assure 
calibration to only within about 3%. T h e  
4310pf capacitor should be made up of  
stable, low-loss units (such as silvered 
micas) bridged out to f %TO, or  closer 
at 1 kc or-preferably-140 kc. Tolerance 
on the 7.5 olnn resistor is not critcal. T h e  
inductor can be any convenient value be- 
tween 100 and 400ph. 

auestion: I 'm piping the multivibrator out- 
put from the Type 130 L-C into a highly 
accurate frequency counter in order to 
obtain 0.01% resolution and 0.1% accu- 
racy. The  Type 130 seems to drif t  con- 
siderably with temperature and line 
voltage. Can I put a 140 kc crystal into 
the fixed oscillator circuit? 

4nswer :  You can, but you'll wish you 
hadn't. Tlie two oscillators (f ixed and 
variable) in the Type 130 use identical 
transformers and component types so 
they will be sel f - c o ~ i ~ p e ~ ~ s a t i ~ i g ,  T ie  one 
of them down "solitl" and you increase 
tl1ermal sensitivity and drif t  by a factor 
d seven or  more. 

\\.e designed the Type 130 L-C a s  a 3% 
device. \Vith carefztl-and we repeat, 
cc~ref~tl-calil)ratio~i it will give 1% (of 
full scale) accuracy. N o  part of its cir- 
cuitry is so  far  overdesigned a s  to per- 
mit reliance on it to provide greater ac- 
curacy than the meter gives. W e  do not 
represent the Type 130 L-C to operate 
except as  a self-contained "system." 

Question : I 'm experiencing some difficulty 
in measuring capacitance in a small relay 
assembly on my bench. Even though I 
keep it away from all metal objects, 
"guard" all unwanted contacts and use 
the 1'93C probe, I obtain two different 
C readings between points X and Y ,  
depending upon which side I ground. 
\\'hat's going o n ?  

Answer:  The  surface of your bench may 
he slightly conductive, thus forming a 
grountled capacitor "plate" which will 
have more capacitance to the larger o r  
less isolated contact. T r y  slipping your 
Type 130 L-C manual under the relay. 
If this improves your measurements, you 
may want to build an insulated platform 
on which to make your more critical 
measurements ; or, you might consider 
putting the relay into a guarded enclosure. 

A CORRECTION 
Y e  Olde Editor misquoted the author, 

Paul  Thompson, twice in the article "New 
Trigger-Circuit Adjustment Method," which 
appeared in the December issue of S E R V -  
I C E  S C O P E .  I n  step 3 of the article, 
" T R I G G E R  L E V E L  control" should read 
" T R I G G E R  S E N S I T I V I T Y  control." I n  
step 10 the second sentence should read 
"Set the A M P L I T U D E  C A L I B R A T O R  
to 2 V O L T S  and connect the CAL.  O U T  
to the E S T .  T R I G .  input antl to the verti- 
cal INPUT." 

If you tried this method and ran into 
trouble, give it another whirl. These cor- 
rections will probably clear up the diffi- 
culty. 
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list of T h e  +Igipitt 

M a n y  operational :implifiers (including 
those in tlie Tektronix Type 0 unit) pro- 
vide access to :l non-inverting input, referred 
to a s  the +grid or +input. A positive- 
going signal injected at  this point produces 
:i positive-going signal at  tlie output. Con- 
ventional identification of + :uitl - inputs 
is shown in Figure 8. 

(b) 
Figure 8 

Identif ication (a)  of + and - inputs of 

o n  operotionol amplif ier. I f  only one input 

is shown (b), i t  is always assumed to be the 

-input. 

I f  the output is connected directly to the 
--input, the opcr:itional amplifier Ixxomes a 
non-inverting p i n - o f  -one voltage ;cmplifier 
for  :i signal applied to the +grid, with very 
Iiigll iupnt imlmkince :ind vesy low output 
impetlnncc. 

Witli less than 100% negative fecd1~:ccl~ 
(F igure  9 )  , obtained by putting tlie -input 

on :I voltage divider het\vecn the output 
;uid ground, gains of gre:ctcr than one may 

Ii, + R r  I x  realized, the actual gain I~eing 
R i  

E out = 
2 E i n  

E i n  

Figure 9 

Gain of Two Using +Input. Very high 

input resistance (>lo%] for signals on 

the order of 1 v amplitude is possible. Other 

values of goin may be obtained using di f -  

ferent ratios of R; and Rt. 

Feedbacl< applied to the +input f rom 
the output is positive feedback, \vhicli tends 
to raise the input impedance of the +input 
toward infinity a s  the amplitude of the 
fcedlxiclc apprW.ches the amplitude of the 
input sign:il. If the loop gain ( feedl~ack 
amplitude compared to signal amplitude) 
exceeds 1 for any frequency, thc amplifier 
Ixcomes unstable (negative input resistance) 
and will oscil1:cte :ct that frer1uency. If the 
loop gain exceeds 1 :it DC, the amplifier 
 ill swing to its output voltage limit and 
stay there. The  +input is useful for  ap- 
plicatious c o m i h i n g  positive and negative 
feetlbaclc, and for  usc of the oper:ctional 
atmplifier a s  an oscillator, waveform gen- 
erator o r  nmltivihrator. T h e  +input may 
also 11e used t o  provitle a I~alanced or  dif- 
iercnti:il input, in which the operational 
:implifier responds only to the iustantancous 
cii/ferc>?ce hetwce~i the signals applied to 
the f antl - inputs. Other uses a re  sug- 
gested in tlie applications section of the 
Tektronix Type 0 Ol)er:~tion;il-Aml)lifier 
instruction manual. 

In  performing linear operations with a11 
operational amplifier, it is necessary to rec- 
ognize and :illow for  the limitations of the 
amplifier and technique used, to obtain ac- 
curate results. The  chief limitations a r c :  

1. Open-loop gain. 
2. Gain-l):~ntlwidtl~ product. 
3. Grid current (chiefly of concern dur-  

ing integration). 

1. Output current and voltage capability. 
5, Signal source impedance. 

1. Open Loop Gnin 

The accuracy of all operations is ultimate- 
iy limited by the open-loop gain of the 
cmplifier, \vhich determines how closely the 
amplifier is capable of holding the -input 
null. A11 amplifier \'iith infinite gain would 
provide a null of exactly 0 volts, and the 
impedance : ~ t  the -input (using feedback) 
\voultl I x  exactly 0 ohms. 

\\'it11 finite gain, the -input does not 
quite null, antl does not appear a s  0 ohms. 
\I'ith :un open-loop gain of A*, the -input 

1 
moves - times the output voltage swing, 

A 

and appears as an impedance which is 

is a significant fraction of the input signal 

Z r 
E,,,, o r  if the impedance --- is a sig- 1 - A  

nificant fraction of Zi, there will be a 
definite output signal error  in addition to 
the error  introduced by the tolerances of  

"Common usage in the analog computer 

f ie ld assigns a negative number t o  the open- 

loop gain between the -input and output 

(and a positive number to the gain from 

the +input). Therefore, in  calculating values 

from formulas involving A and the -input, 

i t  is necessary to keep in mind that A is o 

negative number, and the expression 

"1 - A" for instance, when A is -2500, 
equals +2501, not -2499. 

One simplification has been made in this 

article. Closed-loop gain, commonly expressed 

-zf 1 

O S  7 [+(+; : ) I  
has been reduceu to: 

A 

[A - 1 -+ , I t  may also. I 
written - -zz! [ 1 

1 $ Zr/Zi 1 - -- 
A 

this seems to indicate the effect of A on 

accuracy more clearly. 

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped a n d  properly-staffed Tekt ronix  In- 
s t rument  Repai r  S ta t ion  n e a r  you. A s k  y o u r  Field Engineer  a b o u t  T e k t r o n i x  Ins t rument -Repai r  facilities. 
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Figure 13 

( a )  Wideband Amplifier 

Correction for Stray Capacitance 

( b )  Compensated Differentiator 

-dEi"Ci 
E, max limited to (approx. 

CZ 

Transient Response 

Under romn.n.n,inn 

C: too large or C, too small 

Correct ccmpsnrotion 

Over wmoenrotion 

C too large or C? too rmall 

Response 

Under <om.enratian 

C. too rmall 

Correct comncnration 

Over compcnrotion 

C too large 

Frequency Response 

Frequency Response 



Input 

( c )  Integrator 

Direct compensation not recommended 
- see text. 

sign;ds to ;itid external compensation to 
I t r  or I<, \vlien these components are used 
in :mpliiication m t l  dif f ercntiation. 

Figure 13 illustrates the corrections neces- 
w r y  to iniprove operational accuracy fol- 
each of the three Ixisic operations. 

Kote, however, that except in the c;ise of 
straight ;iniplific;ition (Figure l3;1), the 
compensation itself introduces possible errors  
wiicl-i must be recognized ant1 ;illowed for 
in intc~q)ret;~tion of results. 

Tn the case of ;implification, selecting 
sm:ill values of cap;icitance (on the order 
of 2-25 p f )  for  C, antl C2, tlie closed-loop 
risetinie can be made to approach the slope 
of the open-loop risetime (Figure 9 ) ,  pro- 
viding ;i g;iin-hantl\vidth product : i l~or~t  ec[u:ll 
to the open-loop gain-hantlwitltl~ product. 
\\'itliout compensation, tlic amplifier may 
typically achieve only 1/20 of this figure. 

\\;ithout compensatioti, the differentintor 
(Figure 1311) may respond to a sudden 
cliange in dE,,,/tlt  by overshoot, followed 
by sinusoidal ringing, due to the fact tliat 
excess output voltage must he de\doped to 

Transient Response 

C ,  too large or R too lorge I 

Frequency Response 

R mode smaller I 

R too  large, C too lorge or --grid unrhielded I 

charge via Rr the input capacitance antl the 
tlistrihutetl stray capacitance of Rr itself, 
a s  xvell a s  provide the current needed to 
oljtain a null at  the -input. As  soon a s  
tlie strays a re  charged, however, the excess 
current through Rr upsets the 11~11, atid the 
output must swing in the opposite direction 
to re-establish the null atid discharge tlie 
c:~p;icitancc associ;itetl with Rr - hence the . . 
rlriglng. A small capacitmce across Rr 
provides the current neetled to establish the 
!lull at the start of the \v;1veform without 
having to develop excess voltage across Rr. 

The  prewnce of this capacitance, how- 
ever, limit5 the output voltage maximum 

-tlE,,, C ,  
to ;~pproxim;i tel~ , A f t e r  a n  

C2 

a l~rupt  change in the input waveform, then, 

t lE, , ,  
\vllen tlE,,, is small, but ---- S RC may 

tlt 

he quite large, the output voll:~ge litnita- 

-tlE,,, Ci 
tion of I I X L ~  result in a signifi- 

C, 

to select a larger value of Ci and sn~aller  
values for  R I -  and C? (keeping the R I  Ci 
time constant the same) to minimize the 
error ,  and Iteep its duration as short as  
possilIle. 

Integi-ntor Coiirpemtition Rnre lg  h'eeded 

Failure of the integrator to start integrat- 
ing a t  the proper rate a t  the beginning of a 
fast-rise pulse or  af ter  a sharp step in the 
input w v e f o r m  is usually due largely to the 
distributed stray capacitance to ground in 
R , .  This  is infrequent; more cotn~nonly tlie 
error  is in the opposite direction because 
of excessive capacitance coupling of the in- 
put \vaveform around Ri into the -grid 
directly, producing a step of approximately 

-dEi,, ci,, . T h e  f irst  (-error) waveform 
C I 

in Figure 13c was obtained by deliberately 
putting a ground plane near the center of 
a 9 megolim R ,  and carefully shielding the 
-grid. Removing the ground plane anti 
shield produced the third (+error)  wave- 
form, using tlie same input signal (a rec- 
tangular pulse) and components. 

Normally, the "untlercompensated" effect 
would only occur when Ri is composed of 



several  resistors in series, o r  when a high- 
va lue  potentiometer is used as, o r  in series 
wi th ,  Ri. 

T h e  solution usually is to select a smaller 
v a l u e  for  Ri and a larger one for  Cr,  to 
maintain the same time-constant. Normally, 
if a signal source is capable of driving a 
l a r g e  value of R i  with capacitive compen- 
sat ion,  it is also capable of driving a smaller 
va lue  of Ri without compensation. 

Theoretically - a s  when a potentiometer 
is  used in conjunction with Ri - it is pos- 
sible to compensate the R C  losses in R i  
by shunting R ,  with a series R C  network 
of the  proper time-constant, or by using a 
smal l  value of R in series with C,. In  
practice, these added components usually 
a d d  nearly a s  many stray-C prol~lems as 
they cure, anti "compensation" of this sort 
is not recommended. Compens:~ting witli 
s imple capacitance across R ,  produces a 
"step" error  at any abrupt transition, antl 
usually an error  of greater magnitude than 
t h e  one to be corrected. 

I f  R ,  is a single component, an environ- 
mental "guard" driven 11y the input signal 
(e.g.! a short piece of wire soldered to 
t h e  ~ n p u t  end of R ,  and dressed near the 
body of the resistor) can mikc  some cor- 
rection, but its use requires more com- 
plete shielding of the -grid and the -grid 
end of R , .  

Using "Stnndnrd" M'nz~cforiirs For Corrr- 
pnrison 

T h e  use of standard waveforms (pulses 
and ramps) with linown parameters, is of 
consitlerable lielp in adjusting compensation 
and  assuring best accuracy for critical n1e;is- 
uretnents near the limits of the instrument's 
capabilities. F o r  many purposes, such 
"standard" waveforms may be obtained by 
attenuation of the oscilloscope gate antl 
sawtooth output waveforms. Selection of 
time and amplitude parameters close to 
those of waveforms to be measured will give 
best assurance against possible system errors. 

Editor's note:  This  concludes the article 
"Introduction to Operational Amplifiers". 
If you missed P a r t  1, which appeared in 
tlie Fehruary 1963 issue of Service Scope, 
you can obtain a copy of that issue by 
contacting your local Tektronix Field O f -  
fice or  Field Engineer. 

BROCHURE FOR 
TYPE 0 OPERATIONAL AMPLIFIER 

PLUG-IN UNIT 

W e  have a four-page brochure giving 
the specifications, basic characteristics antl 
operations of the Type 0 0per;ttional Am- 
plifier Plug-In Unit. I t  also contains typi- 
cal applications antl operation information. 

These brochures a re  available through 
your local Telctronix Field Office or  Field 
Engineer. 

USED INSTRUMENTS FOR SALE 

2 C A  Plug-In Units, s/n's 13443 and 1 3 4 4 .  
Instrun~ents a r e  one year old and l n v e  been 

used less than fifty l~ours .  Asking price is 
$230.00 each. Also, 1 Type 72 Plug-In Unit, 
5/11 474. Asking price is $200.00. Dr.  
Vernon J. Wulf f ,  Masonic Medical Re- 
search Lab., Bleeclcer Street, Utica 2, New 
York. 

1 Type 517 High-speed Oscilloscope witli 
power supply and Scopemobile, s/u 789. 
1 Type 180-S1, s/n 666. This Time-Mark 
Generator has a temperature-stabilized crys- 
tal oven installed. R .  G. Lee, Litton In-  
dustries, U. S.  Engineering Company Divi- 
sion, 13536 Saticoy Street, Van Nuys, Cali- 
fornia. 

2 Type  517 Higli-Speed Oscilloscopes, 
s/n's 388 and 1523. Open for bid. Contact : 
Hal  Boven, Advanced Communications, 
16799 Schoenborn Street, Sepulveda, Cali- 
forni;t. Telephone: E M  2-0761. 

USED INSTRUMENTS WANTED 
1 Type 535A o r  Type 545A Oscilloscope 
witli a Type CA Plug-In Unit. Buyer 
wishes to remain :tnonymous. Please direct 
your replies t o :  Telitronis, Inc., 442 Mar-  
ret Road, Lexington 73, Massachusetts. 

1 Type 315D Oscilloscope. Scott M. Ovcr- 
street, Sylvania E D L ,  Box 205, Mountain 
View, California. 

1 Type 310 or  Type 524 Oscilloscope. 
E. H .  Frazier, Phillips Petroleum Company, 
241 Valley Drive, Idaho Falls, Itlaho. 

1 Type 500 Series Oscilloscope (prefer a 
low serial numbered instrument). M'illiam 
Lindinsliy, 1623 Sout11 -50th Avenue. r : c r r  

50, Illitiois. Telephone : SI' 2-0100, es t .  
638 or  652-8119 (home).  

I T A  Electronics reports a Type 50. 
Oscilloscope, s j n  002236 as missing. Any 
one with information regarding the wlierc 
abouts of this instrument sllould contac 
Stan Freitlm:in, I T A  Electronics, Inc., 131 
East  Baltimore Avenue, I,ansdowne, Penn 
sylvania. Teleplmne numl~er is CL 9-8200. 

Someone who Id ieves  in doing his scope 
lifting in an easy manner \wlked off wit 
a Type 533A Oscilloscope, s/n 1131 anti 
Type A Plug-In Unit, s/n unlcnown. Thes 
instruments which belong to Fullerton JI 
College were sitting on a scope cart (w 
just can't bring ourselves to mention tll 

malie - compet~tor ,  you laiow) antl the 
culprit o r  cu lpr~ ts  just wl~eeled the whole 
setup off .  O f f ~ c ~ a l s  at Fullerton J r  Col- 
lege, 111uch is located In Fullerton, Califor- 
nia would appreciate hearing from anyone 
who has information on the location of these 
instruments. 

\'Vliile Ted Anderson, Field Engineer with 
our Denver Fieltl Office, gave a talk to 
a night class at  the Salt Lalie Trade Tech- 
nical Institute in Salt Lake City, Utah,  
car prowlers brolce into his car and made 
off with ;t C12 Camera (s/n 1807) anti 
carrying case. Considerable other equipment 
including three demonstrator oscilloscopes 
was in the car. However, a careful ~ l i e ~ l i  
showed that the thieves hat1 taken only 
what they apparently consitlereti luggage. If 
you sl~ould come across a C12 Camera 
bearing the above serial number, please 
notify your local Tektronix Fieltl Office 
or  Fieltl Engineer. 

The  Precision Instrument Company of 
3170 Porter  Drive in Palo Alto, California 
has asked our lielp in locating a missing 
tnti presumably stolen instrument. I t  is a 
Type 67 Plug-In unit, serial number 298, 
asset number 671. Persons with information 
regarding this plug-in should contact Dan 
Marquess at  the above address or teleplione 
liim ;kt 11.4 1-.561.i, es t .  311. 

STOLEN SCOPE RECOVERED 
Iiccently a man brought an oscilloscope 

requiring extensive repairs to one of our 
Repair Centers. H e  left the instrument 
saying he would call in for  our quote on 
the estinxitetl repair charge. 

The  Maintenance Engineer in tlie proc- 
ess of making the estimate, clieclced the 
instrument's serial numl~er ( a  norm:~l pro- 
cedure at  our Repair Centers) and dis- 
covered the oscillosco~)e liatl heen reported 
stolen way baclc in Deceniber of 1958. 

Our  Repair Center called the original 
owner to determine if the oscilloscope liad 
been recovered antl resold in the interim. 
N o  suc11 luck! I t  was still unrecovered 
antl considered stolen as fa r  as  he was 
concerned. Our  Maintenance Engineer then 
called the police. 

I n  tlie meantime our "customer" called 
the Repair Center to learn the estimated 
repair charge. On bein:: informed of the 
amount, he decided it was too much (we 
purposely quoted an excessively high i ig-  
u r e ) ,  and said lie was sending someone 
over to pick up the instrument. The  police 
converged on our office, ;tnd when the 
man arrived, they picked liim up along with 
the instrument :tnd c;irtetl hot11 off to the 
police station. 

Sulxequent investigation by tlie police 
revealed other stolen electronic equipment 
on the premises of the woul(1-lx owner of 
the stolen oscilloscope. 

T h e  pleasant ;tspect of the whole a f fa i r  
is that the riglirful owner recovered his 
scope. IHe even sent it b;icli to us for  the 
needed repairs 



fer  to g o  no farther than to sa) t l i ~ t  the 
6BL8 tube car1 be used in these clrcults 1\1tIi 
no apparent &sadvantages 

As this pleased owner remarked, "Maybe, 
if Te1;tronix i~istruments weren't so reliable, 
we'd get a stolen instrument back in less 
t1i;lti three years." 

DOUBLING SENSITIVITY 
WITH ALGEBRAIC ADDED 

F ~ v e  T e h t r o n ~ x  Plug-In Ututs ~nclutle 
,is one of thelr c h a ~ a c t e r ~ s t ~ c s  the A D D E D ,  
A D D E D  A L G E B R A I C A L L Y  or  A + B 
mode of operation These u n ~ t s  a re  the T ) p e  
CA, Type  3A1, Type 3A72, Type 3S76 
m d  tlie T l p e  I S 1  

Some operators may overlook the fact that 
by placing I~otii tlic A and R channels P O -  
L A R I T Y  switches in tlie same position 
(both + o r  hot11 -) and connecting sep- 
arate but identical probes from the channel 
I S P U T S  to the test point 011 the circuit 
under investigation you can double the 
sensitivity of these Plug-In Units. \Velre 
assuming here, of course, tliat the circuit 
under investigation can stand the additional 
loatling caused hy tlie second probe. 

Don't make the mistake of trying to use 
only one probe antl patching tlie two I N -  

P U T S  together. I t  just won't work. When 
you do this you in effect parallel the input 
resistor of channel -4 witli the input resistor 
of channel B and thus reduce the input re- 
sistance of both channel A a d  channel B 
1)) one lialf. This  reduced input resistance 
~vil l  attenuate the incoming signal by ap- 
proximately 50% aand you're right back 
\\.liere you started. 

SERVICE HINTS 

T Y P E  72 P L U G - I K  U N I T S  F O R  X-Y 
A P P L I C A T I O N S  

Type 72 Plug-Ins witli serial numbers 
below 1780 require a tninor modification if 
you wisli to obtain properly "paired" S - Y  
displays when using two Type 72's witli 
C1i;uinel A of the right-hand plug-in plotted 
against Cliaiinel A of the left-hand plug-in, 
etc. 

You accomplish the modification by ill- 
stalling a 1 5 k ,  $4 watt, 10% resistor par- 
~illeletf by a 150pf capacitor between pin 8 
of V593A anti pin 18 of tlie interconnecting 
socket in e;icIi Type 72. Tlie two ~iiulti- 
vi l~rators  - ;ilreatly synclironized via pins 
3 and 4 - a r e  now "phase-locked" to turn 
off Channels A together. If the Type 73's 
a re  to be used in a Type 561 Oscilloscope 
1)elow serial number 580, he sure the cable 
mod kit 010-267 has been installed in tlie 
Type 561. This  modification provides a 
coax hetween pins 18 of the riglit and 
left-Iland interconnecting socltet. 

When using the Type  72's for X-Y appli- 
cations, set the left-hand Type 72 to the 
C H O P P E D  mode xnd the right-liantl unit 
to tlie A T A T E R N A T E  mode of operation. 

T Y P E  162 \ \ i A V E F O R M  G E N E R A T O R S  

If your Type 162 tends to free run in 
the G A T E D  or  M A N U A L  modes, t ry  re- 
placing R5, a 9.1 k, 1 w, 5% resistor with 
an 8.2 k, 1 w, 5% resistor. R5 is located 
in the plate lead (pin 5)  of V1 ( a  type 
12AU7 tube) in tlie regenerative trigger 
circuit of tlie Type 162. 

FIELD MODIFICATION KITS 

T Y P E  561A A N D  T Y P E  561A 
MOD210C O S C I L L O S C O P E S  

This modification improves tlie reliability 
of these i~istrurnents by :  

1. Providing protection for  the clamp- 
ing and coupling diodes (D838 and 
D839). 

2. Reducing the possibility of crt fila- 
ment damage when measuring tlie in- 
stru~iient's high voltage. 

3. Supplying protection for tlie block- 
ing oscillator transistor in tlie Type 
3A74 Plug-In Unit. 

4. Removing diode D852. 
5. Circuit changes to improve high- 

voltage regulation. 

Tlie mod is applicable (with some excep- 
tions) to  Type  561A and Type 561A-MOD- 
210C instruments with serial numbers from 
5000 to 5789. Some instruments in tliis 
serial-number range were modified at the 
factor).. Refore ordering tliis Itit, check 
with your local Tektronix Field Engineer 
to see if your instrumeiit is one of these. 

Order from )our  local Telttronix Field 
Office or  Field Engineer. Specify Teli- 
tronix part number 040-305. Pr ice :  $3.65. 

TYI'E 531, T Y P E  531A, T Y P E  535 A N D  
T Y I ' E  535A O S C I L L O S C O P E S  - S I L I -  
C O N  R E C T I F I E R S  F O R  DC-FILA-  
M E N T  S U P P L Y  

T h ~ s  motlific-ntion replaces the selenium 
rectifier, SR650, (jI1 the d c  filament supply) 
witli silicon diotles which offer  better relia- 
hility and longer life. 

I t  is applicable to Type 531 and Type 
531A instruments with serial numbers 593 
to 7600, Type  535 and Type 535A instru- 
ments witli serial numbers 1059 to 8627, 
antl instruments of tliese types (witli earlier 
wrial numhers) that have had mod 040-097 
installed. 

Order  f rom your local Tektronix Field 
Office or  Field Engineer. Specify Tek- 
t ron is  part number 040-299. Price : $7.50. 
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TRANSISTORS IN DEGENERATIVE FEEDBACK COMBINATIONS 
BY 

Jack Rogers and Norm Winningstad 

Project Engineers for Tektronix, Inc. 

"Gain" in the vernxculnr of electronics is 
a loose term ; generally understood (unless 
otherwise stated) to  me;111 "voltage gain." 
Another corntiion meaning is "po\ver gain" 
and another, though less common mc:ming 
is  "current gain." If \vc generalize "gain" 
to "transfer," we can then include "voltngc- 
to-current" g a i n  (tr;insatlniitt;unce), ant1 
"current-to-voltage" gain (tr:uisimpetlancc). 
These symbols xvill then apply : T, (voltage 
transfer o r  "gain" e,,/ei,,) ; Ti (current 
transfer o r  gain", i,/ii,,) ; T, (transatlmit- 
tance or  vo1t;lgc-to-current "gain", i,,/ei,,) ; 
T, (transimpedance or current-to-voltage 
"gain", e,/ii,,) ; and T,, (po\ver "gnin"). 

For  es:imple, an aniplificr \\;hose transfer 
is T, = 10"s a transimpedance type of 
amplifier. I t  requires a current input ;uid 
gives a voltage output, the valrie of ~vliicli 
is determined 11y multiplying the input cur- 
rent 1)y 10. 

Table 1 summarizes the four possil~le 
ways to arrange voltages and currents ;is 
inputs and outputs for  tliese l l~ree-port  tle- 
vices. 

A practical es;unplc of tlie consitleralions 
in Table 1 is in tile c;ise of a low voltage 
source remotely 1oc:ited from ;I voltage 
sensitive load. X prcaiiiplificr is tlesir;il1lc 

FIGURE 1 

;it llic source Ixforc  transmitting tlie sign:il 
to the output amplifier. I-lere one could 
use a sfolfc~gc~ prcatnplifier and :I n d f ~ i ~ j r  
output amplifier : (el. is tlie tr:insmission 
line voltage) T,, s T,: = e ~ / e i , ,  s e,,/c~. = 
c,,/c,,,. O r ,  one could also use a fm~scicli~rit- 
tciiir~ prea~mplifier ant1 n f r . c~ i~s i~~~prdc~ i~cc~  
output amplifier : (il. is the line current) 
T, s Tz = i,,/e,,, x e,,/iI, = e,,/ei,$. \\'liicl~ 
system is I~est-T,., s T,.: or T, s T , ?  Fig- 
ure 1 illustrates the above prol~lem. 

Input 

Signal Impedance 

I Current I Low 1 Current I High / Current Gain i,/i,, = T, I 

I I I I 

I Voltage 1 High 1 Current 1 High 1 Transadmittonce i,/," = Tu I 

Output 

Signal Impedance 

Voltage 

I Current I low I I Low I Transimpedance eo/in = T r  I 

Name 

And Symbol 

TABLE 1 

Although either n d l  do tlie job well, first- 
order signal-to-noise ratio o r  power con- 
sumption may he iniportant. If tlie trans- 
mission line suffers  mainly froni  niagneti- 
cnlly-induced noise voltages, then the T,. x 
T, coiii1)inntion \\)ill prove best - tlie high 
output impedance of the transadmittance 
preamplifier will not allow tlie niagnetically- 
induced voltages to produce a current which 
could affect  tlie current-sensitive input of 
the tr:uisinipedance output amplifier. I f ,  on 
the other liand, tlie transmission line suffers  
mainly f rom electrostatically-i11~111cecl noise 
currents, then the T,, s Tv2 conil~ination 
\\.ill prove best - the low output impedance 
of tlie voltage preamplifier will not allow 
the induced currents to develop a voltage 
\~ l i i ch  would effect tlie voltage-sensitive 
input of the output voltage aniplifier. 

Xnotlier example is a remotely located 
curl-elit source of pulses \vliicli must be 
;~niplified with reasonable fidelity. Here  the 
c:qj:icity of ;i transmission line usually re- 
cluires a terminated mode of operation to 
avoid 110th reilections and capacitive loatl- 
ing. A large resistor (compared to Z,,) at  
the current source and a gain-of-one line 
driver \voultl \vork. I-Iowever, it would re- 
cluire large amounts of po\ver to drive the 
line termination to the large output voltage. 
.-\ I~etter  method \vould be to use a low in- 
put impedance amplifier (such as the trans- 
im~)edance or  tlie current anir~lifier tvnes) 

High 

- -  . 
with an appropriate series resistor to  termi- 
nate the cable and use tlie large resistor 
in the output feedback position. This  re- 
duces the power requil-ements co~isiderahly 
and places the amplifier 11ack at  tlie load. 
The  signal-to-noise ratio is considerably 
Ixtter t1i;in if the c:ll)le were simply ternii- 
m t e d  a t  the load, and then a voltage or  
t r : ~ n s a d n ~ i t t a ~ ~ c e  amplifier \vas used. Figure 
2 illustrates four cases. 

111 considering transistors a s  degenerative 
feedbacl< "singles"-that is, a single tran- 
sistor used to perform transfer  with either 
internal o r  external feedback-Table I 1  
summarizes the four useful possibilities. 

Low Voltage 

T e k t r o n i x  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped and  properly-staffed T e k t r o n i x  I n -  
s t r u m e n t  Repai r  S ta t ion  near  you. A s k  your  Field Engineer  about  Tekt ronix  Ins t rument -Repai r  facilities. 

Voltage Gain e,/e,,, = Tv 



, . I ransistors considered as degenerat~ve 
fcetlback p a r s  a re  mole numerous and more 
f lex~ble,  in tliat current and voltage gains 
m:i) be gre:cter than 1 Table 111 lists all + 
l ) o s s ~ l ) ~ l ~ t ~ e s  in desccntl~ng order or  useful- 
ness, by type (voltage, curl ent, atlm~tt:ince, 
o r  impetlance transfer)  

Note tliat Ti can be converted to a T, 
1)y the use of n Iaiown load resistor. Sim- 
il:u-ly a T ,  can be converted to a T,. Then,  
, . 1 i can be converted to T,-, and T, to :I 

T, 11y placing a 1aiou.n resistor in series :it 
the input (source Z ;~ssumetl to be low) .  
Again, n T, converts to a T?. and a T, 
to a T ,  xvlien a 1;nolz.n resistor is placed 
in series witli t l ~ c  output (1o:d Z assumed 
Ion.). r\nd finally, a T ,  converts to a T, 
:ind n Ty to a Ti ~vlien a Imo~vn resistor 
is placed in shunt witli the input (source Z 
:issumetl liigli). Table I V  presents the above 
inforliiation in chart form. 

Z, is less than R, A is greoter thon R,/Z, 
except i n  ( a )  

P,"  z 0 T, z = 
e, = i;, R 

R 
Po = i.,' R x - -- 

Zo Output power requirement lorgest, good signal/  
noise 

( b )  
P,  = i,,' R 

R 
T, = - 

z o  

Ou tpu t  power requirement large, good signal/  

noise 

( 0 )  

Going beyond transistor pairs is difficult, 
if liigli loop gains a re  desired. This is due 
to Nyquist trouldes mainly associated with 
tlie transistors tliemselvcs. T h e  most easily 
successful tr:insistor triplets involve tlie ad- 
(lition of ;un emitter fo l lovw to one o£ the 
existing listed pairs. Usu:illy tlie emitter 
iollower is :itltletl to example 1, 3, 8, 9, o r  
10 (Tahle 111) to  lower the output im- 
petlance; or ,  atltled to tlie input of 2, 3, o r  
12 to increase the input impedance (also 
provides temper:itnre compensation for  2 
anti 12) .  

Po = i;,' R 
R 

T, = - 
z o  P,, = i,,' Zo 

R 
T, -- 

z o  
Lower power output required, reasonable sig- 
nal /noise with currents to lo-' amps and nega- 
cycle bandwidth. 

Same power as ( c ) ,  but signal/noise difficult 
with small current. 

\\re hate to  be old fashioned, but we a re  
compelled for  completeness to point out tliat 
tlie foregoing applies also to (you should 
p:irdon the expression) "vacuum tube"* 

FIGURE 2 

amplifiers. 

* Flemming Valves 
Good I Bad Circuit Example Transfer I 

Transodmittonce 8 

- 1 
( 1 )  T y  =--- 

R 

High input Z 
Low output Z REMINDING YOU 

Loop gain strongly 
Low input Z load dependent with 

RL < R. 

Tronsimpedance 
( 2 )  Tz = -R 
Low input Z 
Low output Z 

Voltage gain 
( 3 )  Tv 1 
High input Z 
Low output z 

Low output Z Input impedance 
High input Z lood dependent 

Current Gain  
( 4 )  T, z 1 
Low input Z 
High output Z 

Low input Z 
Tronsfer depender 

High output Z 

TABLE II 

@ 1963, Tektronix, Inc. 
A l l  Rights Reserved 



TABLE I l l  

GOOD POINTS TRANSFER CIRCUIT EXAMPLE BAD POINTS USUALLY USEFU 

I 1  ) High input Z. Open 
circuit gain predict- 
abil ity. 

Output Z could be lower. Loop 
gain strongly load dependent when 
R: < RI + R2. 

Yes 

Voltage G a i n  

( 2 )  ou tpu t  z low. lnput Z a b i t  low. Output 

High input Z 
Low output Z 

lnput Z o b i t  low. Loop gain strong- 
l y  lood dependent when RL < RI 

+ R2. 

Transfer dependent. Yes ( 4 )  Low input Z 
High output Z 

Current G a i n  

( 5 )  Temp. Compensot- 
ed 

Loop gain load dependent (l ikes 
low Z l o o d ) .  Input Z bi t  high. Out -  
put Z bi t  low. 

Low Z lood, 

Large R I / / R ~  

Low input Z 
High output Z 

Output Z o b i t  low. Loop loaded 
by  emitter. Loop go in  lood depend- 
ent. 



TABLE I l l  Continued 

output Z. Open cir- 
cuit ga in  predict- 
abil ity. 

( 8 )  Temperature comp oop gain strongly load dependent 
vhen RL < R. Output Z a bi t  high. 

lnput 

N o  

Transimpedance 

Tz = - R  
l o w  input Z 
Low output Z 

'oor loop gain. Output Z b i t  high. 
nput Z not law enough. D. C. awk-  

~ a r d .  

Loop loaded by input emitter, low 
loop gain. 

( 1  1 ) High input Z Output Z b i t  low; transfer rn de- 
pendent. Loop gain dependent - 
likes low Z load. 

lnput 

Transadmittan, 

High input Z 
H igh output ; 

( 1  2 )  High output Z lnput  Z b i t  low, transfer rn de- 

pendent. 



Source Z 

ossumed 

low 

Converts 1 Known resistor 

MISSING INSTRUMENTS 

Apparently those sly and slippery indi- 
viduals who use the "mitlniglit requisition" 
to "purchase" their oscilloscopes a r e  on a 
buying ( ?)  strike. 

Since our April issue of Service Scope, 
\velve received only one report of n missing 
instrument. Tha t  report concerned a Type 
310A, s/n 013798, apparently stolen from 
gun autoniol~ile Ixlonging to a service repre- 
sentative of the General Electric Cotnpanp, 
1-r:ty Depart~nent .  

Series with 

input 

, . 1 he instrument tlisappenretl early in April 
:ind the apparent theft occurred in the im- 
mediate Chicago area Series with 

output 

ossumed 

low 

ossumed 
high 

T h e  General Electric people have re- 
tluestetl that we ask our renders to be on 
the alert io r  this instrument. Information 
vou may 1i:ive rcgnrdiiig this scope should 
ile relayed to Mr .  R. M. Landis, General 
Electric Company, S - R a y  Dep:irtment, 1061 
\\'. Jaclcson Blvd., Cliicago, Illinois. Series with 

input 

I 
TABLE I V  

USED INSTRUMENTS FOR SALE R o s  2175, I~louston 1, ' T e s ; ~  .-\ttcntion : 
Purcllasing-Surl>1i1sS 

1 Type 515.4, s/n 5477. Phil  Fullerton, 
Electr:uii;rtic, Inc., 3324 I l iawatha Avenue, 
hlinneapolis 6, Minnesot:~. Telephone P.4 
1-5074. 

One Type 570 Electron T u l ~ e  Curve Tr:lccr, 
s/n 5303. New contlition. 1Zeason;il)ly pricetl. 
Fred Pack, Teclinic;~l IIateriel Corp., 700 
Fcniiiiore Ko:ld, h~Iani:irolieck, y e w  YOI-1;. 
The  U n i v x  Division of the Spei.1-y li;ii~tl 
Cospor:itioi~ at 311 Tul-ner Street in L7tic:i, 
New York, o f fe rs  the iollo\ving instrume~its 
for  sale : 

1 Type -517 Oscilloscope complete, s/n 789. 
Also, 1 Typc 513 Oscilloscope. Stu:~rtl.:s 
I?ntcsprises, 7626 T2esington .-\ventx, 1-0s 
Angeles 16, C:lliiorni;i. Tc lc lho~ie  01. 6- 
0910. 

1 Typc 517.A Oscilloscope, s/n 1106. \\'ill 
sell o r  trade i o r  other Tektronix cquipinent. 
Electronic L:tl~or:itory Supply Company, 
7208 Germ:mto\vn Avenue, Philndelpllia 19, 
Pennsylvania. Telepl~onc : Area Code 215, 
C H  8-2700. 1 Type 502 Oscilloscope, s/n 6635. Approx- 

imately one yc:lr old. \\'illi:im Simpson, 
Soii~itl :ind r\utlio I<lectronics, 1902 Euclitl 
A \ w ~ u e ,  C l e v c l n ~ ~ l  1.3, Ohio. Teleplionc 861- 
3007. 

2 - 3151) Oscilloscopes 
4 - 512 Oscilloscopes 
1 - 514 Oscilloscopes 

11 - 531 Oscilloscopes 
1 - 532 Oscilloscopes 
7 - 533 0sciIlosco~)es 

19 - 1're;cnipliiicrs consisting o i  
:in :mortnicnt o f  Type .i3C, 
Type 53/54C :mtl :i fe\v 'Type 
C A  1'1ug-111 Units. 

1 Typc 190 Const;int-Amplit~~cle Signal Gen- 
er:itor, s/n 5116. 1 Type  108 Fast-Rise 
Mercury Pulscr, s/n 251. 1 Type 107 
Square-\\.ave Generator, s/n 106. H a r r y  
Risliop, Bishop Enterprises, Inc., P. 0. Box 
236, \\'estminister, Colorado. 1 Type 512 Oscilloscope, s/ii 578. Iieccntly 

reconditiotietl. Set s11:1rc matched :impliiier 
tuljes inclutlctl. A.  C. \\':dl, 36 I3cncli Ilrive, 
Sor ton ,  Connecticut. Tclephoi~e 203-65.5- 
4218. 

1 Type 513D Oscilloscope, s/n 1584. Asking 
price $350.00. Thomas L .  Dinsmorc, Buyer, 
Thomas A.  Etlison Research Laboratory, 
Division of McGrnw-Edison Company, \\lest 
Or:mgc, New Jersey. Telephone REdwood 
6-1000. 1 Type 53/541< Plus-Tn [.nit, s/n 867. \;el-y 

good contlition. l3. St:ipler, Co1uiiil)ia Tecli- 
nicnl Corpor:ition, \\'ootlside, S e w  I'ork. 
Telephone Y E  2-0800. 1 T ~ p e  517A Oscilloscopc, s/n 1047. George 

Moore, 542 ITurt Road, Smyrna,  Georgia 
One ( 1 )  Telitronis oscilloscope, model 
R h l l 5 ,  s/n 106 - l)r:lntl new. Tn origiixil 
Tektronis  packing c x e  - never uncratctl 
o r  placed in service. I-1:is Ixen i l l  storage 
since 19.57. ~\tltlscss inquiries to Sclilu~ii- 
bcrger \\'ell Surveying Coqmration, P .  0. 

1 Typc 53.5:\ Oscilloscope, 1 Type C:\ :\nd 
1 Type I)  Plug-In Units. .All instrumeiits 
:$re le.;s than one yexr oltl. T o ~ n  Sumiiiers, 
107 I-I;mmxl S .  E., r\ll~uqi~erclue, lie\\.  
Xesico.  

1 Type  561-A Oscilloscope (round-face c r t ) ,  
1 e:~cli Type 63, Type 67 :md Type  75 Plug- 
I n  Unit. Serial numl)ers not giveii. Dave 
Rutland, 2185 i\lisos Drive, Montccito, Cali- 
iornia. Telephone \\'O 9-3657. 



USED INSTRUMENTS WANTED in this position is a 1N3130, it \vill measure Ostler through your local Telctronis Field 
about 0.020" in tliicli~iess. If it is a T I 1  Oi f ice  or  Field Engineer. Specify Telc- 

1 T~~~ 512 ~ ~ ~ i l ] ~ ~ ~ ~ ~ ~ ,  mralter R. N ~ ~ ~ ,  1081 it \vill measure allout 0.050" in thick- t ron is  part number 010-301. Price $11.20. 

Consulting Engineer, Route 3, Box 505, n e s ~  T Y P E  507 O S C I L L O S C O P E  C R T  F I L A -  
Escondido, California. Telephone SHerwootl Order througli your Telctronis Field 1311- L ~ E N T  ISOLATION T I ~ A ~ S ~ ; O I < ~ ~ E I ~  
5-7437. gineer or  1oc:il Field Office. Specify Tclc- - F ~ ~  T~~~ 507  ill^^^^^^^^ ,,.itll s/nss 

t ron is  p:irt n u ~ n l ~ e r  010-307. Pr ice :  $25.20. 101 to 127 inc, 
1 T y p e  514 o r  Type 514D Oscilloscope. Remember, if you need the T D  1081 tun- 
P r e f e r  one or  tlie other of  these scopes nel (liotle ?.(),, \v i l l  also l lnvc  to  it,  

This  modification inst:ills a special oil- 
iilled isolation tr;insformer (T702) betwee11 

but will a Type 310A. ''. Perez Speciiy Telctronir part nunil~er 152-090. ,he crt iilnment :in(l fil;llllent trans. 
& Sons ,  6175 Main Street, Long Hill, Con- p r i c e :  $21.00, 
necticut. former (T701).  Tliis eliminates tlie pos- 

sibilitv of brealctlown in the crt-filament 

1 T y p e  317 Oscilloscope. Don Costello, 
8279 West  \\'innemac, Chicago, Illinois. 

1 T y p e  515 or  Type 5l5A Oscilloscope, 
a n y  condition, price commensurate tliereto. 
G. Summers, 1511 Le\'ee, Ilallas 7, Texas. 

1 Type  514 Oscilloscope. Condition not 
important. ICennetIi 13. Icing, 16210 May 
Creek  Road, Renton, \2':isliington. 

1 T y p e  535 or  Type 515 Oscilloscope, Roll- 
a ld  Silver, 2576 East  \\'rcn Road, Salt IA:ilce 
Ci ty  17, Utah. Telephone C R  7-1697. 

1 T y p e  515 o r  a similar 10 Mc Oscilloscope 
David  Fraser ,  Dyna Sciences Corporation, 
F o r t  Washington, Pennsylmnia. Telephone 
MI  6-6247. 

NEW FIELD MODIFICATION KITS 
T Y P E  661 O S C I L L O S C O P E  D E L A Y E D -  
P U L S E  G E N E R A T O R  I M P R O V E -  
M E N T S  K I T  - For  Typc 661 Oscillo- 
scopes with s/n's 101 to 361 inc. 

This  modification reduces to a minimum 
radiation of the pulse (protlucetl 11y the 
Delayed-Pulse Generator) into tlie vertic;il 
circuitry after  tlie sign:il de1:iy. Tliis radi- 
a ted  pulse causes disturbances in the time 
region froni approsimatcly 100 nsec before 
t h e  step output of the Delayeti-Pulse Gen- 
e ra tor  up  to the step. 

Tlie modification adds n shield to t l ~ c  
r e a r  of the D E L A Y E D - P U L S E  connector 
a n d  utilizes a torroid trnnsiori i~cr  to iso- 
l a te  the tun~iel diode pulse fro111 (lie delay 
line and bias circuit. 

Tlie niodiiication also improves the tle- 
1:iyed pulse risetime of those instruments 
using a IN3130 tunnel diode in the DO92 
position by incorporating clint~ges that per- 
m i t  the use of a T D  1081 tunnel diode in 
the  D992 position. 

Please note: this mod Iiit does !?of include 
a T D  1081 tunnel diotle. Tliis diode (Tek  
par t  number 152-099) must 11e ordered sep- 
arately if your instrun~ent  does not ;ilre;itly 
have one. 

If your instrument h:is :I serial nuinher 
271 or  higher, it will have a factory-install- 
ed T D  1081 in the D992 position. If your 
instrument is in the 101-to-270 serial 1ium1)cr 
range, anti Ins-  llad the tunnel diode in t l ~ e  
D992 position replaced since the instrument 
was  delivered, it may have been replaced 
witli a T D  1081. A visual check ~vil l  tle- 
termine this for  you. I f  tlie tunnel diotle 

T Y P E  ;\.I P L U G - I S  U X I T  'A' SIGS.41A- 
O U T  I M P R O \ - E M E N T  - For  Typc ;\'1 
Plug-In Units \\.it11 s/n's 101 to 2759 iuc. 

This  motlif icatioil replaces tr;lnsistor 
0 5 3 1 1  and its rclatctl circuitry \vitli ;i 

temperature-stfiilizetl dual-transistor com- 
parator circuit. This  replacement effects 
improvements in thc 'A' Signal Out circuit 
;is follows : 

( a )  Stabilizes tlie '4' Signal Out tlc 
level to reduce temperature varia- 
tions and changes \vliicli result 
from transferring the unit from 
one oscilloscope to another. 

(I)) Reduces chopping transients all- 
pearing at  tlie 'A' Signal Out co~i -  
nector. 

( c )  Improves bandpass 

( d )  Changes the range of the L)C R A L  
control to :illow compens;ition for 
low-11i;is Nu Vistors 

Order t l~rough your local Telctronis 
Fieltl Office or  Fieltl Engineer. Specify 
*. I ektronis  part numl~er  040-308. Price : 
$22.40. 

T Y P E  O P L U G - I N  U N I T  O P E R A -  
T I O N A L  A M P I d T F I E R  I M P R O V E -  
L E N T S  - For  Type O Plug-Tn IJnits with 
\/n's 101 to 813 inc 

Tliis modific;ltion incorporates several re- 
iinements in the opcration:iI amplifiers o i  
the Type O Plug-In Unit. The  motliiic:l- 
tion :ind its instructions :ire divided into 
iour sections ( A ,  R,  C,  cG 11). Any pal-t 
of the modification may Ix performed sep- 
:ir:ltely. Benefits of the modiiic;ition :ire: 

1. Sections A :ind I3 improve t l ~ e  tern- 
~)er :~ tnre-se~is i t iw drif t  chnrncteristics 
of the 'A' antl 'R' amplifiers. 

2. Seclion C improves tlie cross-t:illc 
cliarncteristics by relocnting several 
\vises :uid changing the tlecoupling 
:1rr~illgelllellt. 

3. Section I1 increases tlie ;iccur;icy of 
the output ampliiier when Z r  is set 
a t  I0  pf ;und the II\ITEGRI\TOI< 
L.F .  R E J E C T  is set to O F F .  
Note :  Tliis section applies only to 
tlie instrun~ents \vith seri:il numl)ers 
101 to 318 xvitli the exception of a 
icn. instrunients in tliis serial ~ i u n -  
11er n n g e  tint were modified at tlie 
factory. Consult your Telctronix 
Fieltl Engineer if you a r e  not sure 
of ).our ilistrunlents status. 

\zincling of transformer T701 

Order tlirougli your local Tektronis  F~el t l  
Office or  Field Engineer. Specify T e L  
t ron is  par; number 010-301. Price $43.10 

T Y P E  581 A N D  T Y P E  585 O S C I L L O -  
S C O P E S  R E G U L A T E D  D C  FIL.4- 
M E S T S  M O D  K I T  - For  Type 581 Oscil- 
loscopes witli s/nls 101 to 1331 inc. and 
Type 585 Oscilloscopes with s/n's 101 to 
3763 inc. 

Tnst:illation of tliis moc1ific;ition material- 
ly reduces variations in vertical gain due 
to clmngcs in line voltage. T h e  modification 
m:llces tlie following impro~cments  in the 
instrument : 

( a )  Changes tlie verticsl-amplif ier f ila- 
ment supply froni elevated 6 volts 
a c  to  regulated 12.6 volts dc. 

(I)) Rewires tlie filaments into :1 series 
parallel arr;ingemcnt. 

( c )  1ncre:ises the filter capacitance in 
tlie 12.6 volt antl 100 volt supplies. 

((I) Atltls fuses het\veen the vertical 
amplifier and the 100, 225 and 330 
volt supplies lo protect components 
in tlle event of tube shorts. 

( e )  Increases tlie decoupling to the 
-150 atid 3-350 volt supplies and 
the screen of the Miller-Runup 
tube (17161). This  helps to pre- 
vent a11ber;ttions (cnusetl by high 
current pulses from the sweep gen- 
erator)  in the displayed waveform. 

Order tlu-ougli your local Telctronis Ficltl 
Office or  Ficltl Engineer. Specify T e l e  
t ron is  part numl~er  040-303. Price $39.05 

T Y P E  519 O S C I L L O S C O P E  M A X I -  
M U M  I N T E N S I T Y  M O D  K I T  - For  
Type 519 Oscilloscopes with s/nls 101 to 
383 inc. 

Tliis modification adds a Masirnun>- 
Intensity potentiometer to the high-voltage 
circuit ;ind limits tlie range of the front- 
panel I N T E N S T T Y  control. This lessens 
the cl~nncc of :iccitlcnt:illy h r n i n g  the crt 
pl~osplior because of a too-high I K T E S S I -  
TY-control setting. I t  also helps to prolong 
the life of the crt  c:itliotle. 

In  atldition, the motlific:~tion adds several 
other refinements such a s :  cliininating os- 
cillations of the neon voltage regulator, as- 
suring tlie st:irt of neon ioniz;ition in com- 
plete c1:irlcness : u ~ l  improving the rcgul:ition 
of the high volt:ige supply. 

Ostler tlirougli your 1oc:il Telctronis Fieltl 
Oi i ice  or  Fielcl I<nginecr. Spccify T d -  
t ron is  part number 010-302. Price is $6.35. 



SUBSTITUT ING 6 B L 8 ' S  F O R  6 U 8 ' S  

In  the August 1962 issue of S E R V I C E  
S C O P E ,  we stated that tlie 6U8 tubes 
\\;ere no longer recommniendet1 as a satis- 
factory replacement for  6RL8 tubes in the 
Type 503 and Type 501 Oscilloscopes antl 
tlie Type 67 Plug-111 Units. Tha t  statement 
is still ~:llitl.  Ho\\;ever, several of our cus- 
tonieis af ter  reatliiig the statement raised 
tlie question, "\\'oultln't 6RI.8 tul~es make 
n more s:ltisfactory replacement for  6LT8 
tulles located in the triggcr, trigger piclioff 
and delay-pic1;off circuits of tlie Type  530 
and 540 Series Oscilloscopes?" 

T o  determine the answer, xve asked our 
I \huf : lc tur ing  Staff  Engineering Depart- 
ment to run some tests using 6RL8 tuhes 
in place of 6U8's in the circuits in question. 
The  tests revealed that  in each application 
the 6BL8's slio\vetl no apparent short coni- 

H I G H  REP-RATE BURSTS F R O M  MULTIPLES O F  TYPE 1 1  1 

In some applications, t ~ v o  or  more closely- 
spaced pulses will prove nearly a s  useful as  
pulses f rom a higli-rep-rate generator. T w o  
o r  more Type 111 Pretr igger Pulse Gen- 
erators will, when coupled together, supply 
such closely-spaced pulses. They will also 
supply many other pulse trains. The pulses 
may be, as  desired, of either positive or- 
negative polarity and of various spacings 
and widths. Such pulses a re  useful in m;my 
foruis of logic testing. 

inys. \\'liile they have a lower output rat- 
ing than tlie 6U8 tube, they operate well 
within their ratings in all the Type 530/540 
series instruments except tile Type 532. 

In the trigger amplifier circuit of the 
Tgpe 532, a 6BL8 tube musl operate at 
cutoff became of tlie higher operating bias 
of the triode section. A s  a result, output 
is insufficient to allow correct triggering 
on I cm of signal with the T R I G G E R I N G  
1-E\'EL control set to 0. Also, these tubes 
fail to operate satisfactorily in the trigger 
multi circuit of the Type 532; \vith normal 
adjustnient of the Trigger Sensitivity antl 
the T R I G G E R  M O D E  switch in tlie 
A U T O  position, the multi \vill not free run 
in tlie absence of a signal. 

In all otlier Tgpe  530/540 Series instru- 
ments the 6BL8 tubes perform satisfactorily. 

Tektronix Field Engineer Jim Johnson 
has used three Type l l l ' s  to provide n 
means of testing high speed scalers. 

Figure 1 shows a suggested setup for 
three Type 111 Pulse Gc~ierators. I n  tliis 
example, unit number 1 acts a s  a master 
unit to set the rep rate of the bursts and 
to provide one of the pulses. The  R A N G E  
switch in tlie Pulse Generator block of tlie 
otlier Type  l l l ' s  sliould be set to EST 
TRIG.  T h e  V A R I A B L E  coutrol in the 
Trigger T o  Pulse Time Difference block 
allows you to space the pulses in the bursts. 

NO. I NO. 2 

Output polarity and pulse widths may be 
different for  each Type 111. 

Norm \\'inningstad, of our Instrument 
Engineering gl-oup, suggests tlic m:ltcliing 
network sliown in Figure 2 for  reflection- 
free mixing of any number of Z,, trans- 
mission lines. Any one of the 11r;mcIies 
may be used as an output. 

The  niasimum transfer ( cc niax) he- 
tween input anti output occurs \vlien r 
becomes infinite. Then for  N branclies : 

If less transfer than a m a s  is desired, 
1- becomes finite and R increases from 
values given above - impetlance matching 
is retained. If rn is the desired transfer 
( ix. ,  E o U c / E ~ , ,  = a .  < rn m a s )  
then : 

1 - a  R = -- Z,, 
1 + a  

TYPE I l l  

Trigger output was slightly greater and the 
trigger circuits set up very well. 

The  Manufacturing Staff  Engineer also 
tested the E80CF tube (Telefunken and 
Amperex).  They, too, gave satisfactory per- 
formances in these circuits. Life tests were 
not contlucted for  either the 6BL8 or  E80CF 
tubes. 

Our conclusion is that despite the slight 
gain in t r ~ g g e r  output (about 6 to 1070), we 
do not feel that tlie advantage gained is 
great enougli to recommend wholesale re- 
placement of the 6U8 tubes In the trigger 
circuits of the Type 530/54  Series Oscillo- 
scopes \\'e prefer to go no farther  than 
to sap that 6B1A antl E80CF tubes can be 
used in these circuits with no  apparent dis- 
,itlv:uitages. 

PULSE G E N E R A T O R S  

1 - (R/Z")? 
r =  

R 
zo 

2 + N ( - - - I )  z,, 
T w o  small limitations exist in this setup: 

1. T h e  more channels used, tlie smaller 
the output pulse. 

2. When combining positive and negative 
pulses, there could be inter-triggering 
via the pulse output connector of each 
network. I f ,  fo r  instance, a negative 
pulse of 5 volts o r  so reaches a Type 
111 set to a positive polarity, it could 
force the  emitter of the avalanclx 
transistor down enough to  cause it to 
avalanclie. Generally, though, a net- 
work wit11 a of 0.3 or  less should 
eliminate this problenl. 

If you wish, you can connect all tlie 
pulses together in an unn~atclied network 
using GR874 "T's". If you get involved 
in inter-triggering f rom alternate plus 
polarities, use 5-to-1 attenuators-but, be- 
ware of reflections. 

R 
ETC.  3 f 

1-1 MATCHING NETWORK I J 
OUT- 

FIGURE 1 FIGURE 2 
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A t  any given state of tlie a r t ,  any ill- 
crease in the gain or bantlwitltli o f  an :um 
pliiier inevita1,ly means more ~~oisr.  Some 
of tlie limitatio~is a r e  al)solute, I~nsetl on the 
nature of cul-rcnt-ilow ; some a r e  onl). 
rekitive to the quiet~iess of av;lil;iI)le com- 
ponents. 

Koise lirnit;itions apply not only to oscil- 
loscope inputs, of course, I)ut also to the 
circuits to Ix ex;uminetl xvitli the oscillo- 
scope. 

Iiantlom ( a s  opposed to syste~ni:~tic) noise 
is alnnost always specified in sins terms. 
Being random, it is capaldc o i  ;in:ilysis only 
in  slatistic:tl terms. 1nstant:tneous :tmpli- 
tutles (determining pe:lli-to-peak ~ i l u e s )  un- 
der  a given set of circumst:unces :me As- 
t r i l~uted on a prob;ibility curve. T h e  pro11;c- 
hilitp of any given rnns noise level Iiaving 
a11 of its peaks between t\vo linnits varies 
lvitli the time-limits set. ( I f  you stand 
:tround long ei iol~gl~,  yo11 nn:ly get struclt 
1,y lightning.) 

It is possible to : i p p r o x i n n a t e  tlic 
rms/peak-to-pe:ik ratio for \vitleb:i~id noise. 
Normally, 90% or  morc of tlie pe:ilts will 
fall within 3X the rms value of tlie noise. 
O n  an oscilloscope, this represents the maill 
"body" of a noisy trace ol~servetl :it :i rela- 
tively slow timc/cm rate. 

Noise po\ver atltls directly; noise vo1t:ige 
vectori:illy. One milli\vatt of noise plus one 
milliwatt of noise is ttvo milli\vatts o i  noise. 
One millivolt ( ~ i  noise plus one millivolt of 
noise is 1.411 millivolts of noise (squ;irc 
root of the sum of the squares). 

Noise generally m:iy Ix 1)rolteii do\vn into 
t\\-o types: I3roatll1and "n.llitc" noise (so- 
called becnuse of the ;in:dogy to u.liite 
light) in wlnicli tlie po\ver is evenly dis- 
tributed tlirougliout the frequency sl)ectrum, 
:tnd low-frecluc~icy noisc (referred to by 
some a s  ''pink" noisc) in \vliich the po\ver 
varies inversely \vitli tlie frequency. All 
resistances, t u l m  and semiconductors ex- 
hibit both types of noisc to some extent. 

Tlic noisc tliscussetl Iiel-e is more o r  less 
inherent in electronic componeiits-~iot that 
due to m;inuf;tcturin,rrri~ng defects o r  to tletcri- 
oration o r  d:i~nn:lge (as, gas in t u l m  or  
moisture in tr:lnsistors), o r  tliat due to 
external interference (c.g., :~tmosplicric noise 
or I I F I ) .  

NOISESOME BASIC DATA 

I<l:I..\.rIve: CUI-rent flowing in ;I resistor 
(pnrticu1:trly :i CAI-lmn resistor) protluces 
:t low-frequency noisc c:illetl "exccss noise" 
or  "curre~it  ~ioise." l'lie :innount v;tries 
\vitlely with the type :ind construction of 
the resistor. Tliis low-frequency noise is 
gciicrally me:isur:hle only in the region Ix-  
lo\\, 100 kc, and the noise potver v:tries in- 
\wsc ly  with frequency. 

\ ~ I l ) l < I 3 A K l )  .IYJI~P: KOISI; : Tliis "sliot noise1'- 
so-callctl I~ecause tlie effect of pouring 
electrons from cathode to plate is an;ilogous 
to the noise of pouri~ig I~ucl~slnot into :I 

11:irrcl-is a coml~inntioii of the effects o i  
c:itliotle temper:iturc ant1 resist:unce ant1 the 
f:ict t1i:tt current f l o n ,  k i n g  :I flo\v of 
rn;iliy discrete cli;irgcs, is suhjcct to r:uitlonn 
iluctuation: the nunnbcr of electroiis rcacli- 

ing tlie plate at  any given instant for  any 
given :tvcr;ige current is a matter of sta- 
tistical prolxtl~ility. Tlic flow of grid cur- 
rent is liltewise sul~ject  to random fluctua- 
t ion;  the resulting output noise and fre-  
quency distortion depentls on the impetlmcc 
into n.1iich the grid "lool<s." 

"I:I.ICK~II" : \\'liile the wideband noisc in 
tu11es is fairly predicta1)le f rom tube param- 
eters, low-frequency noise, commonly called 
flicker o r  l/f noise, is higlnly unpretlict- 
able. Xot  much is lanown a l~out  control- 
ling it in tu lx  m:rnuf;tcture. T h e  power tlis- 
tril~ution of fliclter noise varies inversely 
with frecluency, :uid is prctlominant over 
1~ro;ttlI~:ind noise I~elow 1-10 kc. I t  is usu- 
;illy quite a serious limitation to  vacuum- 
t u l ~  annplifier perfornmnce below 50 cps. 
Tlie ultimate low-frequency fliclter we call 
drift.  

AHSOLUTII : Electrons crossing any semi- 
conductor "11:trrier" generate wideband noise. 
T h e  noise is proportional to the current and 
to tlie circuit bandwidth. 

III:~ATI\T. : 1>o\v-f ~requencp f k k e r  noise is 
generated in tr~unsistors as  well a s  in vacu- 
um tubes, but tr:insistor manufacturers seem 
to Imve 1i:id morc luck in controlling it. T h e  
6 (111 per octnvc rise of low-frequency noise 
over \videbantl noisc may start  as  low a s  
1 kc in co~nmo~i ly  available types today. 

Tlie following information sl~ould aid in 
determining noise values stemming f rom 
the causes under tliscussion here. 

Thermal or  "Jolinson" noise power is 
proportional to temperature, resistance and 
lxintl~vitltli. Tlie rms noise z~oltcrge is pro- 
portioii:il, then, to the s p o r e  root of these 
i:ictors : 

E,.,,,, = 2 1.38 x 1 0 - ' V R f  

tvliere T is tlie temperature in degrees 
Kelvin (absolute), R is the resistance o r  
resistive component of a11 impedance, and 
f is tlie effective band\vidth of the system. 
T h e  constant shown is Roltzman's constant 
expressed in meter-ltilogram-second units 
( joules/degree Kelvin). 

Tektronix Instrument-Repair Facilities: T h e r e  is  a fully-equipped a n d  properly-staffed Tekt ronix  I n -  
s t rument  Repair  S ta t ion  near  you.  A s k  your  Field Engineer  a b o u t  T e k t r o n i x  Ins t rument -Repai r  facilities. 



A simpler formula for  use at  room tem- 
pera ture  (25' C = 77" F )  is : 

T h e  values obtained will be essentially the 
same (*lo%) from -15" C to +6j0 C 
( s o  to 150' F). 

Technically, the effective bandwidth f is 
nar row,  sharply defined, and may be lo- 
cated anywhere in tlie frequency spectrum. 
Practically, it is convenient to use -3 dl) 
bandwidths in calculation, on tlie nssunq- 
tion t h a t  the total of the (attenuated) noise 
outside the -3 tlb points is ahout equal 
to t h e  rolled-of f noise inside tlie -3 dl) 
points which is weighted at  100%. 

A one-megohm resistance a t  room tem- 
perature generates about 130 pv of rms 
noise over a 1 mc bandwidth. I-Ioweves, 
when the resistance is shunted 1)y a capaci- 
tance of ,  say 10 pf, the noise output a l~ove  
16 k c  will be rolled off at  6 dh/oct;tve. \\'e 
can then approximate tlie noise level 1)). 
crrlling f 16 kc, giving us a value of 16 pv 
rtns f o r  tlie noise voltage, o r  :tl)out .50 pv 
peak-to-peak over :I short span of time- 
say, a few hundred msec. 

A resistance of 50 olims generates :tl)out 
28 pv rms  over a one Gc 1):undwidtli. 

Because resistor noise is typical o i  ;\I1 
broadband noise, white noise levels a re  
often specified a s  "equivalent noise re- 
sistance," which allows specification of noise 
in te rms  applicable to any bantlwidth. T h e  
teniperature assumed for  "equivalent noise 
resistance," is 25" C,  and for  any particular 
bandwidth, the rms voltage can he calcu- 
Inted from the formula above. 

Composition and depositetl carbon resis- 
tors-to a greater extent than wirewound 
or  the better grade of metal-iilm resistors- 
generate low-frequency noise proportion;~l 
to  the applied voltage. This  noise is gov- 
erned priinarily by c ~ t r r m t  dmsify; :t noisi- 
er-than-normal resistor is assumed to have 
localized bottlenecks of high current density. 
I n  most resistors, this current noisc, "excess 
noise" or "l/f noise" a s  it is variously 
called, is about equal to thermal noise at 
100 k c  or so anti is negligil~le alwve about 
1 mc. The  noise power of currcilt varies 
inversely with frequency. 

T h e  absolute value for  coniposition re- 
sistors is usually specified in ternis estn1)- 
lished by the Nationxl Bureau of St;tntl- 
ards-microvolts rms per applied volt fo r  
one frequency decatle. Typically, the v:tlues 
will fal l  between 0.1 pv and 1 0 p v  per 21)- 
plied volt in a frequency tlecatle, lmt poor 
manufacturing techniques and quality con- 
trol  can produce much larger figures. For  
estimating purposes, 1 pv/v in a tlecatle, o r  
2.24 pv rms per applied volt i o r  the 3 tlc- 
cades from 1 cps to 1001ic, can be used 
f o r  resistors of good quality. Xotc t h t  
f o r  several decades, we multiply hy the 
square root of the number of tlecades, since 
it's tlie P O Z L I P ~  not the voltage, \vliicli varies 
a s  l/f. 

?'LTB13 .YO1 5 Ii 

\ \ ' IUEB.ASD N O I S E  ( S H O T - E F F E C T )  

.r~uones:  The  various factors affecting the 
\viclel):tntl noise in a triode (grid grounded) 
;u-e npprosimatetl by tlie formula:  

\\'liere T ,  is tlie c;ttliode temperature (in 
degrees I<elvin), I< is a tube merit f;tcto~- 
b e t u w n  0.64 and 1.28, f is tlie b:mtlwidtl~, 
and I,.,,,, is the noise rl[rrcfzf in tlie plate 
circuit. Assuming a cathode temperature o i  
100O0I< and a merit factor of 1.0, tlie 
iormula becomes : 

I ..... = ~ J j . j  s ~ , . f  

Relating this to the input, we get 

E,,,,, = 2 . 3 1 s  lo-'" 
G,,, 

For a 6 D j 8  operated at  :t current of 10 ma 
: u ~ d  100 v on tlic pl:tte (giving a G,,, of 
:tbout 9,000), the grounded-grid equivalent 
input noise over a 1 mc hantlwidth would hc 
:thout 2.5 pv rnis. 

A quicker ;rpprosimation for  the grountl- 
ctl-grid noise level in triodes gives tlie 
equivalent \vitlel)and "noise resist:+nce" at 
the gritl : 

3 
, = . - - .  (some sources say 2..j/G,,,) 

G,,, 

For the 6DJ8 in tile case above, It,., 
becomes 333 ohms. T o  convert equivalent 
noise resistance into volts, insert the re- 
sistance :tnd desired l~antlwitltli fignres into 
the simplified formula for  25" C thermal 
noise. Tlie figure comes out a l~out  2.1pv 
rms for  the example al~ove,  close to the 
value ol)t;tinetl l~e iore .  

If-:ts is usually tlie case in liigli-inipetl- 
mice input stages-the gritl is not grounded, 
grid current tleveloping a voltage across 
the input resist:uice adds ;tnotller noisc fac- 
tor. The  noise component of tlic grid cur- 
relit :~iiiounts to : 

I . .  = ?/? x 1.6 s 10-I' I. f 

\diere tlie constant 1.6 s 10-'Vs the cllarge 
(coulombs) of ;tn electron, I, is tlie steady- 
state gritl-current, and f is tlie bandwidth. 
If the grid lool;s into an inipct1;cnce o i  I< 
;tnd C in pnrnllel, grid-current noisc for  ;t11y 
sm:tll bandwidtli ~f at  a center frequent!. 
F is:  

Tlie total noise can be approsiniated as 
\\as (lone for- t1ierm:~l noise by equating f 
\vitli the -3 dl) bandwidth 1/(2;;RC), and 
ignoring tlie term in the denominator, which 
:tppro:tches tlie value of 1.0 below -3 dl) 
frequency. Nolv, 

E,.,,,, - 
Taking a 6DJ8 witli a 10 nanoamp grid 

current, a gritl resistor of 1 tnegolim and 
shunt capacitnnce amounting to jOpf, we 
obtain a value of approsiniately 3.2 pv for  
rms noise due to grid current. Tliis noise 
xvill be primarily in tlie dc-to-3kc region. 
Of course, if we connect :t low-impedance 
signal source to tlie grid, this noise will, 
to :i great extent, disappear. 

ITN.I.OI)ES : I n  pentodes, the widehand sliot- 
effect noise in tlie plate circuit is compli- 
cated by the random variation in tlie div- 
ision of cathode current bet\veen screen and 
plate-so-called "partition noise." I n  this 
case, it is easiest to calculate "equivalent 
noise resistance" first, and go on from there 
to total noise for  a given bantlwitlth. 

i \ 

I 3 R,, = 2 ----- + 20 I ,  

Ta  j G... c^] 
where 11, is plate current, 11, is cathode cur- 
rent, I ,  is screen current and R,, is the 
equivalent noise "resistance" a t  the grid. 

If we consider tlie Telitronix Type 502's 
input stage (6AU6's) a s  a typical pentode 
application for  lo~v-noise operation (Ia z 
720 pa, Ib z 430 pa, I ,  z 430 p?, G,,, about 
1100), expectable wideband n o w  resistance 
would be about 4500 ohms per side. O r ,  add- 
ing push-pull noise components vectorially, 
;tbout 3.8 pv rms over 100 k c  passband of the 
oscilloscope. Needless to say, the Type 502's 
actual noise performance is not illis good, 
primarily because of low-frequency noise 
\vhicIi almost completely tnaslis the broad- 
Innd noise. 

L O \ \ i - F R E Q U E N C Y  ( F L I C K E R )  
N O I S E  

Because researchers into noise have been 
occupied primarily with getting answers for  
the communications industry-wliich is most- 
ly concerned with tuned R F  amplifiers when 
\vorl;ing \villi niicrovolt sign;tls-not niucll 
has been done ahout identifying the causes 
:tnd cures l o r  lo\\-i requency flicker noise 
in tubes. Tliis noise is most seriom at  fre- 
quencies below 1 kc and in tubes with 
oxide coated cathodes. Flicker noise, like 
current noise in resistors, varies inversely 
with frequency, and is quite serious in 
high-sensitivity tlc-coupled amplifiers. I t  is 
believed to he related to  variations in the 
conductivity of the cathode coating, to 
thermal agitation and migration of cathode 
mnteri:d ant1 areas of emission activity, with 
consequent shifts in the configuration of the 
space cli:rrge, :mtl to interface resistance 
I~etween tlie cathode coating and sleeve, 
;cmong other hypothetical causes. One in- 
vestigator, noting escessive noise in a direct- 
heated cathode witli very srnall filament di- 
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ameter, concluded that at  least some of the 
noise um d u e  to high-velocity gas ions, 
speeding from plate to cathode, being cap- 
tm-etl iiz orbit around tlie cathode (like 
little satellites) , crashing into freshly emitted 
electrons and geiierally creating ;r nuisance. 
Tliis seems quite pl;iusil~le-collisio~~ of gas 
ions with the c;rtliotie is n common source 
of noise. Some resc;crchcrs liave found tlic 
iliclccr noise t o  v:u-y a s  the square of the 
cntliotle curreiit. I Io\vever, varintions among 
tuhe types ;uid even among sa~iiples of the 
sxme tulle types a r e  so great thnt no  coti- 
sistent theory Iias been developed to cs- 
plain :dl tlie plienomen:~ F1icl;er noise in 
v;rcuum-tube circuits operated tlo\vn to 10 
cps or belo\v will commonly Ix three to four 
times the value o i  tlie I)roadl>antl shot noise 
and other contributing factors (plate mtl 
cathode resistors, etc.). F o r  instance, re- 
sistor noise antl broadlxrnd tulle noise ac- 
count for allout 5 p v  rms in the front end 
o f  the Type 502-corresl1ontli11 to perlinps 
15 pv 11eak-to-peak. 

The  observed peak-to-peak value is abor~t 
1 0  pv, wit11 20 pv seen in exceptional casei. 

Since there is no st;md:rrdizetl method 
of measuring or specifying low-frequency 
tulle noise, it's pretty much up to the user 
to  select circuits ant1 tulle types atid thcri 
hope the tube t i i anui~c turer  lieells his protl- 
uct consistent. 

I n  general, because witlelxlnd equivalent 
noise varies inversely with G,,, and both 
low and higli-frequency noise increases with 
increasing current, tlie best catitlidate i o r  a 
low-noise tube type is one ~vliicli offers  the 
l ~ e s t  transco~iductance at  tlie lowest cathode 
current. 

TRANSISTOR i\TOISI:' 

\\.IIlI33AND SHOT NOISE : A fixed minimum 
wideband noise value for  any semicontluctor 
carrying a given v;ilue of current i s :  

I",,,. 
where I is the  dc collector current and 
f is the bandwidth. T h e  constant this time 
is  twice tlie charge of an electron (1.6 s 
10-'Qouloml~) . In a transistor operated at 
1 ma collector current, then, the minimum 
wideband noise over a 1 m c  bandwidth woultl 
be about 18 nanoampcres rms, at  the col- 
lector. \\'ith a 1 I< collector load, 18 na be- 
comes about 50-60 pv pc:rlc-to-peak. 

T o  convert to equivalent input-noise cur- 
rent, divide the  output noise current hy beta. 
-4s is evident f rom the a l~ovc  (all otlier 
things being equal) ,  the only way to avoid 
this limitation for low-noise perioriii:uice is 
to seek transistor designs which of fe r  liigli- 
est values of beta for  a given collector cur- 
rent, but without increased 1eal;;rge or  otlier 
noise-source pro l~ le~ns .  

I.O\\'-FREQUENCY NOISII: AS wit11 V;iC1111111 

tubes, the low-frequency flicker noise in 
transistors is not mat1iematic;rlly pretlictahle. 
I t  frequently is unspecified, even for  so- 
called "low-noise" transistor types. A fen. 

*This  same relationship is t rue of tubes in 
"nlate saturation" \vIie~i the noise-modifvin0- ., 
space charge is  der)letctl, and in reneral o i  - - 
any current flowing across a "barrier." 

years ago, it was cxceptionnl for  a transis- 
tor's lo\\,-frequency noise to be less t lmi 
I)roatlb:uid noise below 10 kc. Today, "turn- 
over" points as  low as 100 cps may l)e 01,- 
t;riiietl. Relo\\- the turnover point, t l ~  fliclcer 
noise increases :it 6 tll)/oct;ive. Turiiover 
is tint point 1)elow \vliich lo~v-frequency 
noise cxceetls the bro:rdl);intl v:ilue. 

.IXASSIS.~OK S I ~ E C I F I C A ~ ~ I O X S  : Even thougli 
circuit consitler;rtions 1i:tve a great effect 
on  tr;msistor noise, tr;insistos ni;uiui;icturcrs 
have 111;lde niore e i i o r t  to assign numl~er-s 
lo noise levels th:m have tube rnniiui:lctur- 
ers. I-Io\vever, in the absence of intlustry 
standartis, the methods o i  ~nensuremctit antl 
speciiication :ire not uniiorm, :uid numllers 
:ire oiten 11:~rd to interpret. 

-4sitie f rom the hasic collector current 
noise mentioned above, noise-current in the 
collector circuit incre:rses wit11 increasing 
collector voltage (lealiage curre~it  noise rrt 
tlie reverse-l~i;isetl collector-base junction), 
:rnd \vith incre;tsiiig emitter current (suri:rce 
phenomena :it the for\vartl-lii:~sed Inse- 
emitter junction). I h s e  tlriviiig imped;lnce 
:iffects these two noise "gener;itors" op- 
positely; for  m y  given set of vo1t:ige and 
current condilions, there is :in optimum 
i m e  driving inipeda~icc for  lo\vest noise, 
gener:rlly l)et\veen 300 olims ant1 3 1;. Tran- 
sistor noise specific:~tions a re  ol ten Iiased 
on very lo\\ voltage antl current settings, 
plus optimum driving impetl;~nce. A col- 
lector volt;rge of 2 v, current o i  500 pa and 
perliaps I lc driving impetlance a rc  typical 
numl~ers for  "spec" noise levels. 

A commonly used spec is "Noise Figure" 
( N F ) .  This is defined as the ratio of the 
signal-to-noise ration a t  tlie collector to the 
"availal~le" signal-to-tioise ratio at  the base, 
ant1 is ~iormnlly expressed in tib. Usually, 
i t  does not include flicker noise. 

Tlie "availal~le" signal-to-noise is noise 
of that optimum driving resistance. I i  21 

t rmsistor  exhibits lo\vest noise when driven 
Ily a very high impetlnnce, its noise figure 
may l x  very good Ilut its actual noise co~i -  
trihution quite liigli. It 's important to know 
the "R,,,,," when evaluating a specification. 

Tlie noise figure N F  is calculated as 

I:',,,, + R ,.,, ,,,, 
10 log - - where R,,,,, is the 01)- 

I<,,,,, 

timum driving impetlance and R,.,,,,,, is the 
equivalent input noise resistance of the 
transistor itself. S o  to find out the actual 
transistor noise level R,>,,,,I,, we work this 
iol-mula : 

N F  
I< i v  = Rt,l,t (antilog - 

10 
) -Rapt 

Here  is an example ( f rom tlie General 
Electric l ia~~dl~oolc,  6th edition). General 
Electric Type 2N123. A t  5 v and 1 ma, N F  
is 1.94db ~ v i t h  a driving resistance of 720 
ohms. 

R ,.,,,,,, = 720 (antilog 0.194 - 1)  
= 720 (1.56 - 1) 
= 120 Q 

For  n 1 mc bandwidth, then, tlie transis- 
tor will contribute about 2.55 pv of rins 
noise. However, tlie base driving resist- 
ance brings up the total equivalent input 
noise to about 4.3 pv rnis. A lower value 
driving impedance might (depending on the  
transistor) provide lower total input noise. 

Koise f igures specified in "~i~icrovolts  per 

transistor noise analyzer over a o m  cycle 
handwidth ce~itered a t  100 cps, 1 kc or  10 kc, 
and must be niultiplied hy tlie square root of 
tlie intended bandwidtli before becoming 
meaningful. Even so, they a r e  not too use- 
ful, referring only to open-circuit and short- 
circuit base conditions. Additional calcula- 
tion (pv/nA) yields the R,,,t driving im- 
pedance and tlie noise figure for  tlie con- 
ditions specified. 

Noise figures specified in "db below 1 pv" 
or  the equivalent a r e  of little use without 
tlie conditions being specified. One abridged 
specification sheet, for  instance, describes a 
2K207B transistor a s  having a noise level of 
"2db below lpv." Tlie full specification 
slieet reveals that this performance was 
lilcasured over a 2700 cycle bandwidth of 
300-3000 cps at  a collector current of 500 pa. 

Noise specifications a t  best a re  only a 
gener;~l guide, and in-circuit evaluation with 
tr:rnsistors, as  with tubes, is tlie only way a s  
yet to  evaluate tlie limits of achievable per- 
formance, especially with regard to low- 
f requenc. noise 

In  conclusion then, the very nature of an 
oscilloscope-a "search" tool capable of re- 
sponding to random or  unpredictable wave- 
fornis-tlemnntls that it respond to noise in 
tlie circuit being "searched". Thus, the sig- 
nal to noise ratio in the circuit being investi- 
gated imposes one absolute limitation on 
usable sensitivity and bandwitltli. Only to 
the extent that  one can firedict the nature of 
the signal lie wishes to measure and also de- 
lineate the characteristic of rejectable, non- 
signific:uit signals, can substantial improve- 
ments in sensitivity :iiid bandwidth be made 
at any given state of the art. (Compare the 
cost and complexity of ol~taining a gain of 
10' a t  1 mc by means of a dc-coupled ampli- 
fier and by means of a little ac-dc radio, 
and then consider their comparative signal- 
to-noise ratios.) 

Advancement of the state of the oscillo- 
scope a r t  depends upon improvements in the 
performance of cornponetits and a n  abilty to  
discover anti apply those circuit techniques 
which allow an approach to the absolute 
limitations imposed by tlie nature of elec- 
tron flow. T w o  possible teclxiiques that 
may help to  overcome these limitations a re  
cyrogenics to reduce thermal noise and 
micro-circuitry to reduce noise associated 
with current ( the smaller the L's and C's 
the less current required to achieve a given 
bandwidth). A t  this time, however, material 
gains in sensitivity with wide bandwidth 
and a t  liigli i~npedance by these techniques 
appear to  be still f a r  in the future. 



O n e  of the cliaracteristics common to 
most single-shot tnultivibrator circuits is 
their sensitivity to the rate of rise of the 
t r igger  signal a s  \vcll as  to the amplitude 
of  t h e  sig~ial. F o r  this reason, tlie single- 
shot multivihr:~tor tciitls to I>ecome iiicreas- 
ingly tlifiicult to trigger as tlie rate o i  rise 
of t h e  trigger sigixil dccrc:ws. (Trigger 
risetime becomes slower io r  constant am- 
plitude triggers.) 

Final ly,  there is often :I rise r ; ~ t c  \vliicli is 
so s l o ~ v  that the circuit c:innot I I ~  triggered 
even with triggers of very liigli amplitutlc. 
111 vacuum tuhe single-shot multivil~rators, 
this e f fec t  is produced by either the iiipl~t 
cotipling time constant (Hi-1x1s~) or  the tim- 
ing network itself failing to couple sui-  
iicient signal to initiate regenel-:ition. 

111 tunnel-diode single-shot multivi11r;~tors 
it is usu;illy an L/R net\vork that deter- 
mines tlie timing (duration) of the multi. 
I t  is  also this network which "rol~s" trig- 
ger  current  away from the tunnel tliotle 
i f  tile rxte of rise of the trigger is too 
sinall. 

T o  avoid this proble~n, 110th in tul~e- 
transistor circuits o r  tunnel-diode circuits, 
:I Schrnitt trigger circuit is sometimes usetl. 

.-. I hese, Iio\vevcr, are not gc~ier;illy ;is 
sensitive :is the single-shot multivi11r:ltor. 
.-\notlies ( m t l  we I~elieve, hetter) solution 
11131 is useiul in tunnel-diode :ipplic;~tions, 
111;ilies use o i  :t "C;~cli-Diode" to hold the 
timing circuit (L/Ii) tliscoi~nectctl ant1 tlien 
connect it to perior~m its 11orrn;ll iunction 
:ifter tlie regetier;ltion of the main tuniicl 
diode h:ls occurrctl - the norm:\l functioii 
here I~e ing  tli:it of s\\.itcliing the tiiulti ni ter  
:t certain time interval. 

SINGLE-SHOT MULTlVlBRATOR CIRCUITS 

LEVEL 

FIGURE 1 

I 
Tunnel Diode , 

300 mv 

Ed-4 drads 1/3 ma at 
50 mv, yet it is able 
to draw at least 5 ma 

Figure 1 sho\vs n typical appIic:ltioii. The  
requireiiient liere is to pick o f i  from KIIII~IS,  

1i:~ving :L \vide variety of slopes, a pulse 
correspo~itling to the time tlic ramp crosses 
;I certain voltage. 

Since the I~:lcl~-diotle (BD-4) t;ilics no 
more t1i:in 0.33ma (out of 5 )  at  the tl-ig- 
ger volt;~gc ( ~ O I ~ Y ) ,  it \\.ill not affect the 
firing level hy :my more tllan this over :I 

\vide range of 11-igger slopes. The  alility 
to guarantee sn-itching tfcpentls upon the 

current dr;l\vn at  the valley of the tunnel 
diode ( T D )  by tlic 1313. The  ED-4 tlr:lns 
at  least 5 m;i 11y this voltage, and since 
s\vitcliing \vould he ;~ssuretl even i i  it \vere 
only to tlrnn. I m:l (I\;), the circuit is 
safely mono-stal~lc. 

This  circuit 11:~s proven useful in several 
applications involving triggel-s of v:~rying 
slopes. T h e  cornl~i~iation o i  a 20 Inn tunnel 
diode ~vit l i  a 1 111a B:lck-I3iotle (BD-1) is 
:1lso useful. 

OPTIMUM WRITING-RATE TECHNIQUES FOR OSCILLOSCOPE PHOTOGRAPHY 

i\ competent teclinici:ui sliould I x  ;111lc 
to provide satisi:ictory I'olaroid": pictures of 
single-shot traces on an oscilloscope at  the 
maximum speed and ;umplitutles for  \vhicli 
tlie t race can be resolvctl. 

T h e r e  a r e  a n u m l m  of critic:il factors 
in an oscilloscope recording system \vliich 
:ire under the control o i  :in operator. I t  is 

necess:try to employ to the optimum e:icll 
of these i x t o r s  for  best results. P31 or  
P 2  phosphor can be used successfully ; P I 1  
is not a s  effective because tlie phosphor 
cannot be prefoggetl. The  trace must I x  
~ ~ r o p c r l y  focused; keep critical portion of 
display centered on the crt ,  \vlicre the 
system \\.riling rate is highest. Display :I 

p:lttern tr;lversing the screen at  ;in angle 
of about 4 j 0 ,  a t  a repetition rate (60 cycles 
o r  less) just rapid e~iorigh to pci-mit iocus- 
ing while ol~serving the trace tliroi~gh tllc 
vielving clinnnel o r  a light-tight viaving 
hood. Adjust the intensity to just lxloiv 
the point n.hei-e a st;ition;try spot appears, 
then iocus for  tlie finest trace. Reduce the 
intensity as necessary to ni:iitilain g o t 1  
iocris. 

A Telitronis C-19 c:imer;i n-it11 the iast-  
cst lens ( f / l . j )  :liid a 2-10-1 image reduc- 
tion is preferred. Use  tlic~u.itlest lens a1)cr- 
ture but be sure the crriilt,r-cl is precisely 

focused ; at  \videst :\pel-tul-e opening the 
depth of the field is less tlmn a millimeter. 
I t  is sometimes worth\\-liile to t d i e  a shot 
of a slo\v trace to p r o w  out tlie optic:iI 
iocus. 

I f  Type  47 Pol:iroid film is used, it slioultl 
be prefoggetl to \vhcrc the I~ackgrountl is 
tlnr!; grey, rather t l ~ a n  11l~cli. To preiog 
Type 47 f ilin : Swing the c;lmcr:l away 
f rom tlie scope, tape a slieet of I>ontl paper 
across the front of the camera, and shine 
:i 60-watt lat iq~ to\v;lrd the Ixlper from a 
t1ist;unce oi three ieet. Expose tlie filin 
at  f / l 6  for  1/50 second. If the fog  level 
is too high, incre:w the dist:ince i r o m  tlie 
I:imp, or  decrease the time to 1/100 second. 
I t  \voultl be ~vc l l  to t ry one or  tn.o shots 
to get :ui optin~um degree of fog. Use  tlie 
s ; m e  tecliiiiquc Tvith Type 410, but reduce 
the exposure to 1/100 second. 

Pol:iscope* Type 410 should be usetl 
if an i lab lc .  Xi te r  Ioxiing tlie cainer:i, 



tlevclop ;in ~~nexposc t l  pictul-e to deterniinc 
t h e  contlition of the film. I i  tlie iilni is 
f resh ,  m t l  has I~ecii. properly stored, tlic 
print  ~vil l  be :i definite I~lacle. Fresh film 
slioultl he prefoggetl :IS tlircctetl :~l)ovc. Ti 
t h e  iilm is not fresh, tlie unexposed print 
will I)e niottletl grey, ant1 preiogfiing \vill 
n o t  provide iurtlier gain, l i o \ v c \ ~ r ,  tlie speed 
oi :I stale iilm may I)e ;IS i;w as that o i  
preioggctl ircsli film. 

F o r  Iiig11 speed traces you \vill need to 
ge t  :idtlitional light gxiii 11y "preloggi~i::." 
tlie P2 pliosplior. This ~)roccdure provides 
an  excitation I~iiis for  the ~ ~ I i o s ~ ~ h o r .  \\.it11 
t h e  camera in place on the scope and evcry- 

thing re;~tly ior  tlic cxl)osurc, open the 
vie\\-ing-tnnriel tloor xntl shine a 60-watt 
I;ump into the \*ie\viiig lrinnel in a rn:inner 
tll:it will expose tlic pliosplior are;\ to he 
occupied 11y the trncc. The  lanip slioultl 
he :111out three feet ;t\vay irom tlie trinncl, 
and lield i o r  a few secoiids. T l ic~ i  close the 
viewiiig-ti~nncl door, \vait for  almut 15 
sccontls ( i o r  P 2 ) ,  open the shutter ;uid 
trigger tlie scope in the usual manner. I i  
you use 1'31 phosphor, ux i t  only al)out 
~ w o  seconds bciore t;~lcing the shot. 

Tn general, use : 
S~n:illest f slop (ivitlcst aperture opc11- 

iiig) . 

Low amplitude display ; one or  two cm. 
X 45' trace to focus beam. 
Fresh film. 
Type 410 film. 
Preiogged film. 
20-secoiitl tlcvelopment. 
Ccntercd tlispl:ly. 
I-Iigh inlcnsity, bnt sharp tr:lce. 
Trace carefully focused at  low repetition 

rate. 
I'recisc camem focus. 

-- - -. 

"I'olnroitl and Polascope a r e  registered 
trade marks of the Polaroid Corporn- 
tion. 

? LARGER I N P U T  CAPACITORS FOR THE TYPE 503 A N D  TYPE 504 OSCILLOSCOPES ? 

The Type 503 and Type 504 Oscilloscopcs 
use 0.022 p i  capacitors in their input cir- 
cuits. F r o m  time to time we receive 
inquiries c bout the installation of 0.1 pf 
capacitors in tliesc circuits. M'liile 0.1 p i  
capacitors in these positions may be an 
advmtage  in some cases, people mxlcing 
such n recjuest should consitlcr the iniorm;c- 
tion that follo~vs. I t  may help t l ~ e m  to 
reach the right decision. 

Usually tlic Insis for sucli a ~sequest is 
extension of Ion-frequency me;isurcmcnt 
;iccuracy. \\.e o i i c r  here a ti~iiely remintler : 
..\ 1 0 1  probe will accomplish almost the 
s : i m  purpose as \\;ill tlie 0.1 pf input cnpa- 
ci tors!  Simply using a 1 0 1  pro l~e  extends 
tlie low-irequency 3~111 point tlo\vn 11y :I 

fnctor of 10. The  Type 503's 32 niscc t i~i ic  
constant becomes 220 ~ i ~ s e c  (-3 tlb at  0.7 
cps) when you attach a P6000, P6006, o r  
1'6017 prohe. A n.ortl of caution though ; 
don't assume this :ilso applies to  a lOOS 
p r o l ~ e !  T h e  P6002, 1 0 0 s  prol~e,  i o r  in- 
stance, 1)ec;iuse of the divider circuit used, 
does not extend the time constant 11y 100, 
but only ahout 10%. 

The  0.022 p i  capacitors usetl in t l ~ e  T ~ p e  
503 and Type  504 Oscilloscopes of fe r  tliesc 
advantages : 

1. Lower lenlwgc: For  any given style o i  
cap:icitor, the 1e:ilcage specification is 
given in "mcgolim-microf a1-ads", \vliicli 
says that :is c;ipncit:ince goes up, Icalc- 
age resistance goes down. An input 
c;cp:icitor 1c;llcngc resist:lnce of 100,000 
mcgolims lvill cause :i trace displacement 
o i  I mv (in tlie Type 503, up to 1 cm)  
per 100 v applied. T h e  0.022 pf capacitor 
gives us :I leakage, lo\ver 11y :i factor o i  
4, t1i:lii tlie 1cnk;ige \ve would get in the 
iume c;ip;\citor in tlie 0.1 pf size. 

2. A~nplif ier  protectio~i : AC-coupling is 
~iorm:~lly usetl \vlien me:isriring small sig- 
11;ds riding on high DC volt;igcs. \\'lien 
the input is connected to x high TIC volt- 
age, the amplifier receives a severe ovcr- 
l o : ~ l  signal, the dur:ition of which is 
tlctcrmi~icd by the input coupling timc 
const:uit. The  sliortcr this timc constmt,  
the better relial~ility xve get orit of the 
;uiiplificr. 

3 Greater operator convenience: \\'it11 a 
0 032 p i  input cap:icitor, \\.hen you over- 
drive the amplifier tlie tr:icc \rill retul-11 

Measurement Error 
due to Capacitor 

1 % 

2 % 
3 % 
5 % 

1 0  % 

2 0  % 
3 0  % 

Tilt 

1 0 %  

5 % 
2 % 

1 % 

From Signal 
lource < 1 k 

5 0  cps 

35  cps 

3 0  cps 

2 2  cps 

1 5  cps 

1 0  cps 

7.2 cps 

to the crt  screen in less than a quarter 
of the. timc required with an 0.1 fii input 
capacitor. 

111 l e r n ~ s  of low-frequency me:isurement 
:\ccur;icy E~ble  1 conipnres the error  intro- 
duccd 11y t l ~ e  capacitor i o r  0.1 pf and 0.022 
pi inputs, wiili and \vitliout 1 0 1  probes. 
Since capxi tor  values a re  typically +. 5% 
to * 20%) tlie same order of variation 
should he expected in the ircquencies shown 
in tlie 1:ible. 

7 .  1 lie lo~ver  seclioii of the table shows the 
p d s e  or square Ivave ~ v i d t h  for  a given 
:mount of tilt i o r  the same four cases. 

If you really need 0.1 p i  input capacitors, 
Tektronis-mxle hiIyl:trs a rc  probably the 
Ixst bet in \vliat \ve liave avail;iblc. These 
capacitors carry a nominnl 10% tolerance. 
T c l ~ t r o ~ i i s  part nutnl~er is 285-5.56. T o  pre- 
serve the original bnlance speciiic;~tions in 
tlic Type 503, pairs slioultl be selected for  
-5% 111:itc1i. For  even better differential 
performance at  l o ~ v  frequencies, these ca- 
pncitors a re  avai1:hle already matched in 
pairs to within 1% of each other under 
'Teldroiiis part number 295-054 pair. 

With 1 OX 
Probe 

5 cps 

3 .5  cps 

3 cps 

2.2 cps 

1.5 cps 

1 cps 

0 . 7 2  cps 

7.8 cps 

6 . 4  cps 

4 .8  cps 

3.3 cps 

1.6 cps 

(above) Frequency for given error 

(be low)  Pulse width for given tilt 

2.2 msec 2 2  msec 1 0  msec 

1.1 msec 5 msec 

0 . 4  msec 4 . 4  msec 2 msec 

0 . 2  msec 2.2 msec 1 msec 

TABLE 1 

With 10X 
Probe 

1.1 cps 

.78 cps 

. 6 4  cps 

. 4 8  cps 

.33 cps 

. 2  1 cps 

.I 6 cps 

1 0 0  msec 

5 0  msec 

2 0  msec 

1 0  msec 



OUR APOLOGIES 

I n  tlie last ( June  '63) issue o i  Servicc 
Scope several errors  occurrctl that are 
serious enough to warrant  our calling then1 
to t h e  attention of our renders. 

In the article "Transistors in Degencra- 
live Feedbacl; Combitmtions," on page one, 
paragraph three, the phrase "three-port 
devices" should read "three-terminal tlc- 
vices." O n  page two, Figure '(a) the 
statement "Z,, is less than R,  A is greater 
than R,,/Z, except in (a)"  applies to all 
four diagrams in Figure 2. Therefore, it 
sliould be included a s  part of the caption 
for Figure 2. S e s t ,  in part (I]), Figure 2, 
"e,, = -ill,' R" s11011ld read "e, = -i,,, R" 

R and "1'. = i l .  R [ ~  + 3'' should rcad 

" 1 ) .. = i.,.' l i  [-& + I]". Also in Figure 

2, but in part ( c ) ,  "e,, = ii,,' R" slioultl 
read "e, = ii,, R." Then on page t\vo but 
in Table 11, under the column headed 
"Transfer" antl in tlie "Impetlance" box, 
"Low output Z" sliould read "High output 
Z." Turning now to page three, Table I 11, 
the first circuit shown here contains ;I 

"funny" looking transistor-one \vith two 
emitters. Correct this by removing the 
emitter on tlie lower leg of the upper 
transistor antl placing it on tlie Io\ver leg 

of tlie lower o r  "e,,," transistor as shown 
in the diagram beloxv. 

- 

Finally, in tlie article "High Rep-Rate 
Bursts from Multiples of Type 111 Pulse- 
Rate Generators," we neglected to identify 
the resistor to  ground in Figure 2, page 
seven. This  resistor should be itlcntified 
~ v i t h  a lo\ver case "r". 

Fairness co~npels  me to coniess that I 
must bear the responsibility for  the errors  
\vliich marred these two fine articles. The  
errors  were not present in tlie authors' 
original manuscripts. 

Please accept my sincere apologies, 

A MEASUREMENT TECHNIQUE USING A Z UNIT WITH 1000 MEGOHM INPUT 

Charlie Rliodes, Tektronis  project Engi- 
neer, contributes a technique for  miking 
measurements not ordinarily possible with 
nn oscilloscope because of circuit loading 1,y 
the usual 1 or  10 tneg input resistor. This 
technique requires the use of a modified 
T y p e  Z Plug-In Unit in a Type -530, Type 
530A, Type 540, Type  540A, Type 550, or 
T y p e  580-Series Oscilloscope. 

T h e  Type Z Unit is modified to give an 
input resistance of 1000 ~ilcgohnis 1)y install- 
ing  a 1000 megolim resistor between the A 
input grid ant1 tlie slider on tlie % Unit's 
Comparison Voltage potentiometer. Discon- 
nect everything het\veen the A input gritl 
antl the A channel UIHF input connector. 
U s e  a stiff piece of \vise and route it in tlie 
a i r  to  bring input signals directly to tlie gritl 
(p in  1) of V7613, :t 6AI<5/5651 tube. Set 
the V A R .  A T T E N .  control to .4 O S L Y .  

1 T y p e  531A Oscilloscope, s/n 9199 and :I 

Type  CA Plug-111 Unit ,  s/n 30886. F .  C. 
Shitlel, 4-30 Ethel . 4 ~ e n u e ,  Sherman Oalis. 
California. 

2 Type  525 Television Waveform Monitors, 
S/II'S 1204 and 1216. Pr ice :  $750.00 each. 
Information on these instrutnents can he 011- 
tained through Dean Butts, Tektronis ,  Inc., 
11681 San Vicente Boulevard, Los Atigeles 
19,  California. Plione: G R  3-1105 or  I311 2- 
1563. 

1 Type  502 Oscilloscope, s/n 6890. I<aiscr 
Foundation Hospital, 4900 Sunset Boulc- 
vard, Los Angeles 27, California. Tliis ill- 
strument has seen very little, if any, use. 

, . I h e  input rcsistance is now, of course, 
1000 megolims. The  usu;il 2 nanoatnps of 
gritl current a re  supplictl by adjusting Com- 
parison I'oltage to  :~l)oul -2 volts ; tlic 
trace is on screen and quite st:hle. 

X current of 50 picoa~nps tlirougli 1000 
megolims resistance equals 5 0 m v  or  1 ctii 
deflection. Input sensitivity is 50 pico- 

USED INSTRUMENTS FOR SALE 

1 Type 560 Oscilloscope, s/n 229 ant1 2 Plug- 
In  Units-:\ Type 60, s / n  372, ant1 ;\ Type 
67, s/n 189. These instrumetits a re  in nevi 
condition. Contact : David Hamrnel, 5 Devon 
Court, Riverton, Ne\v Jersey. Plione: Area 
Code 609, 829-1561. 

1 Type 561-4 Oscilloscol)e, s/n 7177, approxi- 
mately 4 months old. \\'ill discount 15% 
from the purclinse price of $399..50. Con- 
t:tct : D r .  von der Groeben, Stanford Metli- 
cal Center, Departtnent of Cardiology, Palo 
Alto. California. 

1 T J  pe 515A Oscilloscope atxl 1 TJ pe C 4 
Plug-In Unit. Instruments a re  about two 

T h e  Editor 

;unps/ctn. Extremely high values of leakage 
resistance can, therefore, be measured dy- 
namicall?: 
Capac i tor - t~pe  inputs iucli a s  sonar trans- 
ducers, s t r x n  gauges, etc , are  potential 
applications 

Ch 2" / Input 116. 

1000 Mep 
V7613 

Victorem 
6 A K 5 /  

5654 
R e s l r l o r  

Z v - 2  nono amps 
(apprax) 

vc 

Schematic showing the Type Z Unit input modi- 
fied to give on input resistance of 1000 meg- 
ohms. 

years old. Louis G. Fields, Starling Corp- 
oration, 2017 Sawtclle l3oulevart1, Los An- 
gcles 25, California. Phone B R  2-7131. 

2 Plug-111 Units for  Type 530, Type 540, 
Type 550, o r  Type 580-Series Oscilloscopes 
-one 53/541<, s/n 545.5, and one 53/51G, 
s/n 1923. Thorobred Photo Service, Inc., 
7618 Scpulvcda R o u l e ~ n r d ,  \'an Nuys, Cali- 
for11i:1. 

1 Type 502 Oscilloscope, s/n 001162, ( P u r -  
chased in 1962). Roris Stefanov, 5628 H a r -  
old \\'a!., #8, Los Angeles 28, California. 
Phone:  N O  3-8011. 



1 Type  51lrZ Oscilloscope, s / n  7099, and 1 
T y p e  .53/.51G \\'itle Band Differential Plug- 
Tn Uiiit, s/n 2969. Contact: R. Recliter, 
11611 C11en:iult Street, #219, Los .Angeles 
1 9 ,  C:difornia. Plione 618-4132 01- evening.; 
172-1118. 

1 Type G I'lug-In Vnit (only 8 months 
old.) 1ndustri:il Dyn:umics Company, 3 1 3  S. 
12aCieneg:r. Roulevartl, Los Augeles 16, Cali- 
forni:~. .4ttn : E d  \\.agner. I'hone 1.E 7- 
3330. 

1 Type 54lA Oscilloscope, s/n 7763; 1 Type 
C A  Plug-In Unit, s / n  2199; 1 Type .53/541i 
I'lug-In C ~ l i t ,  s/n 988; and 1 Scopemobile 
(model not given). Contact: Philips -41)- 
plied Research, 1640 21st Street, S:\nt:c 
h4onicn. C d i f o r n i x  

Richard L). B r a +  and Company, 1ncorpor;~t- 
etl offer  tlie follou ing Telitronix equiptnent 

1 Type 180 Time-?vi:~rli Gener:~tor, s/n 
756 

1 Type 180S1 Tim-M:lrI i  Generxtor, s/n 
1033 

2 Type 121 \\'ide-Band Xmplifier5, s/n 
2701 and 2703 

1 Type 127 Prc:tmplifier I'o\ver Snpply, 
s / ~ i  413 

1 Type 5.51 1Iu:tl-Bean1 Oscilloscope, ~ / I I  

369 

1 Type 5 l l A D  Oscilloscope, s/n 1547 
All tliis equil~i i~ent  is in good working contli- 
tion :lnd will meet Telitronix m:inual specifi- 
c:ttions. Cout:tct S;umucl A. Oliv:~, Electronic 
I>i\;ision, Ricilard 13. Rre\v antl Company 
Incorpor:tted, Concord, S e w  I-I:u~npsliirc. 
I'hone : .Area Code 603. 225-660.5. 

1 Type 512, S/II 1691, in very gootl condition. 
Electronic Engineering Company, 1601 
Chestnut Avenue, Santa Ana, California. 
At tn :  -4. II:r.rman, Purc11:lsing 1 .qgent. 
I'hone : KT 7-5501. 

1 Type 317 Oscilloscope- $650.00, and 1 
Type 105 S(lu:r.re-\\.ax Generator-$325.00. 
13otli instrumerits \+.ere purchased in 1960, 
I ~ u t  never used. J. George Ii:tltonitz, j6.5 
\\.illow Road, Menlo P;~t-li, C:tlifornia. 

1 Type 517 Oscilloscope, s/n 738. \?'yle 
1-abor:ttory, 128 Maryl:ud Avenue, El  Seg- 
undo, Cnliforni:l, A t t n :  Ray Pr:ista. 

1 Type 570 Electron Tube Curve Tracer,  
s/n 5231. F .  A n d r e w ,  Canadian Marconi 
Company, 90 Trenton Avenue, Montreal, 
Quebec, Canada. Phone R E  8-94-41. 

1 Type 532 Oscilloscope, s/n 5100; 1 Type 
53G Plug-In Vnit, s/n 100; antl 1 cart. S .  
P. Dobisz, N.J .E.  Corpor:~tion, 20 Boright 
Avenue, I<enilworth, New Jersey. 

1 Type 5 l l A  Oscilloscope. Make us an o i -  
f e r !  Chief Engineer \VPIX-TV,  220 E .  
42nd Street, Iqew York, 17, Kew York 
l'lione : MU 2-6500. 

1 Type FM122 Low-Level Preaniplifiers, 
s/n's 6923, 6924, 6925, and 6926; and 1 
Type  FM125 Power Supply, s/n 1076. These 
instruments a r e  practically new. They have 
seen only about one hour service and a re  in 
"original-equi~r7icnt" condition except for  
holes drilled in tlie back p:tnel to accommo- 
date input antl output connectors. Please 
direct your inquiries to John West, Tek- 
tsonis, Inc., 4-42 Marret t  Road, Lexington, 
Massachusetts. Telephone number is VOlru-  
teer 2-7.570. 

M I S S I N G  INSTRUMENTS USED INSTRUMENTS W A N T E D  

, . 1 he "grey market" for  oscilloscopes Iias evi- 
dently sailed out of the doldrums and is 
s t m l i l ~ g  along at  :I gootl clip. Since the 
July issue of Ser\;ice Scope, in \vliich we 
had only one "lost" instrument to report, we 
have received notices of six presum:ll~ly 
stolen instruments. 

O u r  Long Isl;mtl Field Office reports a 
C-12 Oscilloscope Camera :ind c:lrrying 
case tlisappeared from the Presbyterian 
Hospital. Mr.  Sheritlan, Chief of Security 
of the hospital, gives the serial numher of 
this camer:l :is 1473. T h e  camera and case 
belong to the College of Physici:ms and 
Surgeons of Colum1)ia University Iiatliology 
Research Lal-1 : ~ n d  \\-as prircliasetl on nn 
.Atomic Energy Commission gr:rnt. 

11iform:~tion regarding the wliercnlmuts of 
this camera sl~ould be telephoned to Mr.  
Sheridan a t  212-579-2115 ol- Dr .  \\'illi:um 
Gross :tt 212-579-3545. 

Field Engineer 13ill I x ~ v i s  with our  Chicago 
Field Office lost two oscilloscopes plus 
plug-ins to  car proivlers in the Des I'laines, 
Illinois, ;Ire:\. \\'liile Bill was assisting :L 

customer to rep:iir an instrument, thieves 
d:~m:tgetl a vent wiiitlow, unlocked the car 
door and removed :L Type 5 3 . 3  Oscillo- 
scope, s/n 27138, wit11 :t Type C.A Plug-In 
[:nit, s/n 46850 ; and :L Type 56lA Oscillo- 
scope, s/n 5981, with two Plug-In Units ; :\ 

Type 3A7.5, s/n 41.5, :mtl :i Type 3R3, s/n 
117. 

Tnform:~tion regarding these iustrumei~ts 
should be relayed to your Telitronis Field 
Engineer o r  local field ofiice. 

A Type 515 Oscilloscope, s / n  35888, along 
\vith :I few other instruments totaling $1,000 
w:is removed from the laboratory of the 
Puget  Sound Bridge :ind Dry  Dock in 
Seattle, \\'ashington. This  loss occurred 
:~rountl the last of J:tnu:lry of this year, 
but the information did not reach your 
editor until just recently. Ernie I l iser ,  
Sl~pervisor with the Puget  Sound Bridge 
and D r y  Dock connlnny would appreciate 
hearing f rom anyone with information re- 
g:trding these missing instruments. 

A Type 317 Oscilloscope, s/n 1848, was ap- 
parently stolen f rom a motel in ICanIiakee, 
Indiana. Tliis instrument is the property of 
the Shell Oil Co., 8500 North Michigan 
l i o : ~ l ,  Indianapolis 8, Indiana. Mr.  George 
Axtn:~nn, telephone number A S  1-74-40, est .  
62 is tlie man to contact if you li:~ve infor- 
  nation regarding this instrument. 

\\'estern Scientific of 1200 \\I. Olympic 
Boulevard in 1-0s Angeles suffered the loss 
o i  t\vo Telitronis instruments recently. A 
Type 107 Squ;tre \\'ave Generator, s/n 2298, 
:md a Type 180A, s/n 9161, \vere apparently 
stolen out of one of their truclis. \\'estern 
Scientific will appreciate any assist:unce our 
reatless c:un give them in helping to locate 
these instruments. 

.A very brief message f rom our L:lthrup 
Village Field Oi f ice  states succinctly that 
:i Type 310A, s/n 017915, tlis;t~qx:~red from 
the Toledo Scale Comp:tnyls premises in 
Ponion:1, California. Despite the terseness 
o f  the message, w e  a re  sure the Toledo 
S c ~ l c  people ~vil l  appreciate :uny information 
you have t h t  will help them locate their 
oscilloscope. 

1 Type 310 Oscilloscope. Please contact Mr .  
Griffin, Filmotype Corporation, 7500 Mc- 
Cormick Blvd., Skokie, Illinois. Phone : O R  
5-7210, Area Code 312. 

1 T?pe 514/AD o r  Type 531 Oscilloscope. 
Frank  Stabile, 1560 Brande Avenue, Ana- 
heim. California. Plione : P R  4-5934. 

1 Type  515A o r  Type 317 Oscilloscope. 
\\iilliam Skidmore, 10756 \\'illwort11 Avenue, 
1.0s Angeles 24, California. I'houe : GRanite 
3-0403. 

1 T l p e  5 1 5 4  Oscilloscope. Joe DeMicliael, 
12 Xew Haven Avenue, Derby, Connecticut. 
Phone : 1113 5-5253. 

1 Type 502 Oscilloscope. Oliver \V. Os- 
borne, Americ:un Geophysical & Instrument 
Co., 1 6 4 4  S .  Western Avenue, Gardena, 
California. Phone : FAculty 1-2634. 

1 Type 515 Oscilloscope. Tom Burroughs, 
557 Rifortl Road, Glen Ellyn, Illinois. 
Phone : 727-3441. 

1 Type 515 o r  514.4D Oscilloscope. Instru- 
ment need not be in \vorking condition but 
should be  in good ~i~eclnanical condition and 
electrically repairable. Contact : Cllucli Iceat- 
ing, 23 S. E. 8lst Street, Portland, Oregon, 
Phone : ALpine 3-9780. 
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M e s h  aizd jrame-grid crt's Izavc 
coinc i7~to  jaidy wide z m g e  the 
oscilloscope irzdmtry i n  f l ~ e  lasf fczw 
years TIze aztthor ozttliflcs tlzc fhcory 
o f  their ope ratio^^ aizd flze ad-dautagcs 
aild disati'uui~tngcs jroi~l the oscillo- 
scope user's point of v iew 

T h e  idea of interposing a n  electrostatic 
shield between the post-deflcction accelerator 
and the deflection plates of a cr t  has been 
around f o r  sometime, as  a means of in- 
creasing deflection sensitivity of a high- 
accelerating-potential crt. T h e  British were 
among the earliest users of "mesh" crt 's 
in general-purpose laboratory oscilloscopes. 
One manufacturer (Marconi) has employed 
mesh tubes for several years now, producing 
instruments with 10 lw acceleration, yet hav- 
ing deflection amplifiers no more complex 
tlian might  be rcquircd for  a 41cv con- 
ventional pda (post-deflection-accelerator) 
crt. 

I n  thc past two years, several American 
manufacturers also have begun to use mesh 
design- particularly in crt 's fo r  wideband 
instruments n.here amplifier gain :1nd volt- 
age swing arc at  a prciniuin. T h e  recently 
introduced Tektronix Type 647 Oscilloscope 
uses a liiglily-develo~etl frame-grid design 
crt. This  cr t ,  housed in a very-conip:ict :uid 
rugged instrument, provides 50 Mc per- 
forn~ancc  xvitli 14 kv :~cceleration. 

T h e  mesh or  frame-grid is not, howevcr, 
a magic cure-nil for  oscilloscope bantln.idtli, 

FRAME-GRID GUN ASSEMBLY READY FOR SEALING INTO THE CRT ENVELOPE 

sensitivity, and scan (picture size) proh- I n  general, the 1 ~ 1  effects of the mesh 
lems. I t s  usc in any given situ:ltion tle- :Ire larger spot-size, lo\ver xvriting rate, and 
pcnds on the p;~rticular instrnn~cnt-per- :I shntlo\v-pattern that c:ui he seen on the 
formalice compromises that a rc  allowal~le. pliosplior \vlien the spoi is defocusctl. T h e  

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped a n d  properly-staffed Tekt ronix  In -  
s t rument  Repai r  S ta t ion  near  you.  A s k  your  Field Engineer  a b o u t  T e k t r o n i x  Ins t rument -Repai r  facilities. 1 0/63 



T h e  me41 or  frnme-grid is an electro- 
st:itic shield, just beyond the tlcilectio~i pi:itcs 
in a c r t ,  which performs t ~ v o  functioiis: It 
:icts xs n sl~icld to prevent the post-tlcflec- 
tion acce1er:iting fields froin re:icliing into 
the deflection p1:ite s lr i~cture :iiitl compress- 
ing t h e  tlcflection (Figure I ) ,  :inti it also 
;icts :is a field-foriiiiii/i electrode to give 
a positive curv:iture to tlic :iccelcr;iti~ig fields 
( F i g u r e  2 ) ,  wliicli in:iy he u.;ctl to cause 
:in effective c.rpci~isioi~ or iiitr~jrjiiijicc~tioii of 
tile deflection. Tlie f i rs t  of these effects 
results in a sensitivity incrcnsed by a factor 
oE about  tivo Ivitli a 1 0 1 ; ~  tulie, since the 
compression effect it1 the conventional tuljc 
is o f  this order. Tlie exp:insici~~ effect is 
determined hy the curvature :mtl pl:ice~iieiit 
o i  t h e  tnesli and the shnping of the ncceler- 
:iting field Iictivee~i the mesli :ind tllc plios- 
p l ~ o r .  Acliicvement of 10% to 40% tlc- 
flection imgnification is ~ ~ o s s i b l e  from this 
latter effect. 

Tlie  entire concept is quite simple (in 
t l ieory).  An electron beam \vill al\vays 11e 
accelerated in tlie direction of the highest 
potential gmdicnf. 111 tlie conventioi~al ptla 

el-t, the acceleratiiig field of tlie post accel- 
el-:itor (liclix) re:iclics tlo\vn ~vcll  illto the 
tleilectio~i s tructure;  if the eq~iipotciiti:~l 
contours :ire plotted, it becotncs immetli:itcIy 
:ipp:ircnt tli:it, I~ec:\usc o i  tlie t lcior~ii :~t io~i  
of tile field 1,y the prcseiice of tile tleflcc- 
tion plates, tlie liighest g1-atlient (s l~ortest  
tlistancc I)et\vcen cquipotenti:il Iiiics) for  a 
tlcilcctcd 1ic:im is not in tlic direction o i  
the origin:il deilectioii, hut at an angle 
tentling l):\clc to\\.nrcl the center of tlie 
scl-eel,. 

S e a r  the tlcflection pl:ltes, \vliere tlic 
Iic:iin 11ns l o ~ v  energy, it is inost easily l ~ e n t  
hy the ctirv:iture of the :tcceler:iting field. 
Out near the pliosplior, \\-liere - because the 
voltage gradient of the helix stops abo11t 
:in inch short of the pliosplior - the con- 
tours :ii-e 1)ent in :i Tvny to li:\vc :i mngni- 
iying effect on  the 1xa111, the I)cnm alrcatly 
l i : ~  so iiiucli c~ ic rgy  t1i:it the inel-emciit:il 
mlgniiying effect is ncg1igil)Ie. T h e  net 
efiect in the conventional t i i k  is coiirprcs- 
sii~iz - :i 1ine:ir compression i i  the tulx is 
properly coiistructcd, not the iio111ine:~r sort 
of conlprcssion for  ~vliich n tulx ~voultl 11c 
rejectetl. 

In  the mcsli-type crt, the mcsh serves to 
shcipe the :icceler:iting field so illat tlie 
gre:~tcst ncce1c1-:iting pote11ti:ll gradient be- 
yond the mesli is pretty much in line \vitIi 
tlie :unglc of tleflection. Thus,  the l~eaiii 
is ;~ccelerated in the same dircctioii ns it 
I n s  been deflectetl. If the field lines just 
outside the mesli Ilave n radius of curvature 
sliorter t1i:un tlie dist:\nce fi-om the mesh to 
the effective center of deflection in :l given 
plane, tlie tleflcction \\-ill be m:ignified in 
t in t  p1:une. If the radius of curv:\ture is 

FIGURE 1. CONVENTIONAL PDA CRT. 

Curvature of equipotential lines o f  accelerating f ie ld near deflection structure reduces effective 

deflection b y  refracting beam. Beam tends to cross equipotential l ine a t  90' angle. Actual refrac- 

t ion effect depends on energy (acceleration) of the beam before i t  reaches the "line". Thus, the 

"positive" curvoture a t  the phosphor (caused by the "fr inging" of the helix f ie ld here) has l i t t le 

magnify ing effect; curvature a t  plotes has large compression effect. 

FIGURE 2. MESH-TYPE CRT. 

Very strong accelerating f ie ld gradient may be used, since mesh prevents accelerating f ie ld 

from penetrating deflection area. Depending on  radius o f  mesh and equipotential l ine curvature, 

magnification of deflection may be  obtained. Magnif icat ion occurs when radius o f  mesh and f ie ld 

curvature is less than distance from mesh to center o f  deflection. 

longer, there \vill be compression, tliougli 
not ;is i~xucli :IS in a conventionnl tulle. 

I t  is possible to shape tlic mesli aiitl helix 
in such a \vay that tlie post-tleflection ac- 
cc1cr:iting field has :ilmost no effect 011 

tleilection sciisitivity, tlie tlcflcctetl I~eam 
entering the nccclerntion field a t  nearly a 
right :iiigle to the ec~uipotentinl lines for 
:ill :i~igles of tlcflcction. I n  n case like this 
:L scope coidtl 11c equippet1 ~vit l i  a fi-oiit 
pailel "+I-Ii volts" I;iiob, :md tlie post ac- 
celerator varied a t  \vill. Ilon-ever, tilere 
:ire other problems outlined l~elow ~vliicli 
ni:il<e this less than pl-:ictical. 

Since to 01)t:iin optimum pcrformancc :I 

very high-gradient accc1er:iting field must 
I)e used with x ii~csli-type tube, it is possi- 
l ~ l e  to compress tllc ncceler:itiiig 11elix into 
:I very short distance . . . such ns the round 
portion of tlic iiccl; of ;i rectnngular-face- 
pl:lte crt. Icnving tlie for\v:\rd rectangu1:ir 
portion of the crt  :I "irce-fall" are:i, \vliere 
there is no f~ir t l ics  accclcration ( the f:ice- 
pl:ite ant1 interior of the crt :ire maintained 
:it the mnximrim acceleration voltage). 

Tlie ~ost-acceler:ltio~i screen may he m:de 
by eitlier of t\vo tecliniques, linown a s  mesh 
:inti frame grid, 

Tlie mcsh - tliough it is tiiore often an 
electro-formed foil structure than :ui nctu:il 
n-ire gauze - lias conductors running in 
110th p1:mes. I t s  cliief ntl\-antage is tlint it 
11iay be curved in I~otli planes, spherically or 
ivitli unequal curvature a s  described, to oh- 
t:iin the desired acceleration field curvature. 
I t  also is capable of dissip:lting more re:\dily 
the heat generated by interception of the 
11c:uii. I &  chief tlisadvantnge is that it does 
intercept more (40 to 50% in a typical 
500 lines/inch structure) of the beam cur- 
rent, and it defocuses the spot in both the 
X and Y axes. 

Tlie frame-grid has conductors running in 
one direction only. I t s  chief atl\.antnge is 
sul~staiiti.~lly less beam intercept for  a given 
spacing (around 15% in a typical 500 lines/ 
inch structure) :mci spot dcfocusing in one 
:isis only. I t s  cliief dis:idvantage is that it 
can be curved in one plane only, requiring 
special tecliniques to obtain optimum deflec- 
tion se~isitivity in both planes. 

As  ~iientioned lxfore,  the mesh itlea is 
not :I cure-all. For  all of its adv:unt:iges in 
g:ii~iing cleflection :umplifier simplicity :md 
low p o ~ ~ c r  for  \vide-band, wide-scan, liigh- 
perform:uice scopes, the mesli tube suffers 
f rom some basic 1iiiiit:itions wliicli require 
accepting some fairly serious comproniiscs 
in its use. Primarily, tlie l i~i~itat iot ls  relate 
to spot size :md writing rate. 

T h e  chief purpose (other than the psy- 
cl~ological one) in providing a high-potential 
post-deilection acce1er;xtor is to put I)ca~ii 
)07i1CI. into the spot. T o  tlic cstcnt  that tlic 
tube designer can increase beam p o w r  
(I;\; s faster than he increases spot 
size ( a r m ) ,  lie increases both visual and 
photogr:~piiic writing r:ite . . . a t  least over 
:i nomiii:il I-:uige. 

T h e  mesh not  only intercepts 15 to  50 
pcrcent of the available beam current, as  

@ 1963, Tektronix, Inc. 
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FIGURE 3. ACCELERATION FIELD OF THE MESH STRUCTURE. 

Small beom-defacusing lenses form at each mesh aperture. The larger the aperture or the 
higher the f ie ld  gradient, the worse the defocusing. The effect is exaggerated and simplified here; 
typically, beam may cover 15-20 apertures; spot size wi l l  increase by  a factor o f  2 in perhaps 8" 
throw. Frome-grid causes this type o f  defocusing i n  one axis only. 

nientioned above, but it :ilso provides a etratc tl~rougli the tiiesli into the tle- 
l:irgcr spot (under the same general coil- flcction area. Tile elfect  of this pene- 
tlitions) than the convciitioiial ptla tulx,  for tration (Figure 3 )  is tlefocusing of 
t \vo rcasoiis : the s ~ o t  I)\; acceleratinn different narts 

(1)  Lack of compression: Tlie s:me com- 
pressing effect t l ~ e  post-ncceler;\tor f icltl 
had on the deflection, it also hat1 oil tlic 
spot size. Reduce tliis coniprcssion ef- 
fect, and tlie spot gro\vs larger*. 

(2 )  i\ccelerating ficltls penetrating tlic 
mesh : T h e  spacing of the wires or  
conductors of tlic mesh is m:itle very 
close, l o r  two reasons : (:I) T i e  mesh 
itself tends to tliro\v a slintlo~v pattern 
on the screen, so this pattern should 
I x  iii:lde as f i ~ ~ c  a s  possil)le ; and (I)) 
the Inrgcr tlie l~oles in tlie mesh, t l ~ e  
deeper the acce1er:lting fields 11i:iy pen- 

+ T o  this extent, adding tlic mesli 1i:is n1)out 
the s:wc effect a s  l r ~ t g i h c ~ ~ i i ~ g  the crt in 
the are:> lxyontl tlie tlcflcction plates. r\ 
"long-tliro\\." cr t  lias greater eifcctivc tie- 
flection sensitivity, :\ larger spot, :uid poorer 
~vritiiig rate tlian a "sliort-tliro~v" el-1, otllcr 
pn~xmctcrs  licltl equ;il. ?\lost of 1)otI-i the 
good tr~zcl lmtl elfects, then, of :\ mesh tube 
c:m be : ~ h i e v c d  in a long-tliro\v crt, pro- 
\.idetl tliat le~igtli is no problem. 

. - - 
of tile beam in different directions. The  
closer tlic sp:iciiig of the conductors of 
the mesh, the less penetration :i given 
gradient fieltl will Ii:ive, niitl hence 
the less tleiocusing of the spot. Uii- 
fortunately, :kt just tlie point \vhere 
the s r ~ a c i ~ i z  is correct for  0% tle- . ~> 

focusing, tlie lmlm intercept 1,y the 
mesh is 10054, :t~id there's no spot. 
S o  some co~iipromise I~et\veeii beam 
intercept, mesh sp:\cing, and :icceler- 
atiiig field gr:itlieiil must l)c arrivetl 
at  \vliicli will provide usalde spot size 
:uid writing rate. 

Compromise .opc~-ating conditions : Be- 
c:iuse of the spot size ;uitl \\.siting rate 
prol)lems, it is pointless simply to : ~ l d  :i 
~iicsli to :in existing crt  design so as to 
Ix I to atlvertisc a liigli acce le r :~ t i~~g 
potential. \\'it11 all other p:ir;inieters l~cltl 
eclual, atltling n niesli to a crt ,  incrc:isiii~ 
its dcilectioii sensitivity by ;I i:ictor o i  
(,say) 3, xvill cause on the ortler o i  a 4 
times Increase in spot size aiitl ;in even 
gre:iter ret l i~ct io~i  in ~vr i t ing  rate. 

T o  recover tlie original desirable crt  
characteristics, it  is generally necessary to 
do tliree things : 

(1) Increase gun voltage (catliode-to-de- 
flection-plates) for  a better "origitial" 
spot size. 

(2) Increase cathode '"loading" (milliam- 
percs per cm2 of usable cathode area)  
by increasing the effective G,,, o r  chang- 
ing tlie cutoff voltage of tlie crt, so 
tliat more beam current is available. 

(3)  Increase tlie post acceleration potential, 
to increase the number of watts per 
an2 delivered to the spot on the plios- 
phor. 

By tlic optimum utilization of these three 
tecli~iiqucs together, a mesh c r t  desig~i wilh 
overall perform;ince comparal~le to t h t  of 
a conventiond design can he ol~t:tinetl, to- 
gctlier xvitli the mesh tube's ;id\-;mt;iges of 
possible short length, liigli sensitivity, and 
ad:iptability to rectangular (space-saving) 
ioriiiat. But none of tlie mesh tuhc's ap- 
p:~reiit :ttlvaiit:~ges c;m be intlivitlually nias-  
imized without severe sacrifices in one 
or  more of t l ~ e  normally desirable c1i:irac- 
teristics of writing rate, spot size, good 
geometry, and lorn polvcr supply (heater 
:mtl xcc le ra tor )  requirements. 

Flare : Deflection-plate bounce in :t mesli- 
type crt  produces much more 1 ' ~ ' 1 - 1 2  illumina- 
tion of tlic phosphor tlian in :i conventioiial 
tube, 11ec:iusc of the scattering effect the 
mesh 1i:ts on electrons arrix-ing fro111 odd 
:inglcs. Tlie f lare cli:ir:~cteristics is soiiie- 
times useful for  prc-fogging the pliosphor 
:>nil film for  pIiotogr:iphy. 

S1i;itlow P:ittcrii : Figure 3 shows h o ~ v  tlie 
mesli tends to tlcfocus tlie spot by produc- 
i i ~ g  :i convergence :und crossover short of 
tlie .screen. This :ipplies, of course, to  :i 

spot \vliicli is properly focused. 1:y cliang- 
iiig focus, the 1,c:ttii can Ix cnusctl to enter 
tlic tiiesli :it tlie diverging angle ~vliicli xvill 
just compensate for  tlie lens effect of the 
mesh  aperture.^, putting t l ~ e  convergence out 
to tlie p1:iiie of the phosphor. T h e  result 
is a . large, tlcfocusetl spot containing a 
fairly 1x11-focused image of tlie mesh. 

"Oscilloscopes a r e  versatile cnzineering 
tools for sliock ;ind vi1)i-:ition :iii:ilysis, 1)c:tr- 
i ~ i g  :tiid 1uh1-ic:itio~i studies, ;~iitl v i r t d l y  
cvci-y other :ire:\ of niecIiaiiic:\l rcsenrcl~ ant1 
tic\-elopnient. They a rc  lx~sic;iIly electronic 
graph-tlr:>\vi~ig instrunieiits c:ip:il~lc of Ii:i~i- 
tlli~ig :\iitl displaying events or  signals one 
l>iIlioii tinies too inst  i o r  tlisp1;iy on metel-5, 
recortlers and simi1:ir mcclianical devices. 

Tlie corntuerci;il :ivail;tl~ility of trans- 
tlucers for  conversion o i  iiiccIi:iiiic;d, tlier- 
mi l ,  optical :\nd c1icniic:d plienomeii:~ into 
clectric:d siji~l;\ls lias extentled tlic utility 
o l  tlie oscilloscope well 1 ,~~-ont l  the electri- 
cal industry. This  :irticlc niialyzes the re- 
Iatio~~sliip betxecii a11 incident and a sys- 

CATHODE-RAY OSCILLOSCOPES 

ten1 response iii terms of ~iiccli:uiic:il eiigi- 
iicering prol>lems, tlie availal~le ~ i i e ; ~ s u r i ~ ~ g  
tools, the iniormatioii neetlctl i o r  plaiining 
:uid cv:ilunting h t a ,  m t l  gives ;In int1ic:ition 
of system costs niitl so~iie ~)r:ictic:\l es:cniples 
o i  oscilloscope nic:isii~-e~iiciits". 

111 this m:uiiicr, \\'ill Mal-sli, Te1;tronix 
S t ; ~ f i  Engi~iccr  :uid ;iutlior o i  t l ~ e  nrticlc 
".-\nnlyziiig Syste~ii  Mcclmiics :mtl Improv- 
ing i\fecli:inical Design \vitli Catliotle-Ihy 
Oscilloscopes" introduces his sul~jcct  to 
re:itlers of "A~kicliiiie Design". T h e  :irticle 
nppeared in the June 6, 1963 issue o i  t h t  
niag;izme. 

l'eople in the niec1i:iiiical industry a re  be- 
coiiiiiig iiicrc:isingly :~\v:ire of tlie possil~ili- 
ties of :in oscilloscope :IS a iiicans of 01)- 
t : \ i~i i~ig precise (:md soinetimes otlienvise 
111ioI1t:ii11:~11le) infor~ii:ttion. For  s ~ i c l ~  i o ~ - -  
n x d  thinking people, \\'ill's article c:irries 
:i spcckil :\lq)e:~l. 

Reprints :ire :\vnil:il~le froiii your Tclc- 
troiiiz Ficl(1 I:ngi~~eer of 1oc:il Field 0 1 -  
fice (see list (,i TeI;troi~ix Field Offices 
on page 7 of tliis Service Scope).  



T Y P E  3A74 F O U R - T R A C E  A M P L I F I E R  
U N I T  - G R I D - T O - P L A T E  S H O R T  

A grid-to-plate short can develop in 
V j 3 3 E  ( a  6DJ8  tube) in the Type 3.471 
Unit  :tnd cause considerable daiiiage to the 
unit b y  taking out several diodes, resistors 
and transistors. Replacing Rj93, a 1 Ic, 
% w, 10% resistor (in tlie plate circuit o i  
V533B) with a 10 k, IV, 10% resistor 
~vi l l  l imit  tlic avei-age plate current to 30 ma. 

T h i s  iniormation applies to all Typc 3.474 
units presently in the field. Serial number 
of  t h e  unit in ~vliicli tlie fxtory-i~istal led 
mod became effective will I)e announced 
later. 

T Y P E  561 antl RM561 O S C I L L O -  
S C O P E S  - I N T E R M I T T E N T  I S T E K  
S I T Y  M O D U L A T I O K  

S o m e  Typc  561 and Type RM56l Oscillo- 
scopes can develop an intermittent-i~ite~isity- 
tiiotlulntion problem. The  problcni stems 
f r o m  R842, a 12 iiieg, 2 IV, precision resistor 
in t h e  c r t  high-voltage-divider string. \\.hen 
R812 goes out completel);, tlie oper:itor will 
have n o  control over tlie intensity; tlie 
1,e:um will be full on. R842 is rated at  2 k v .  
A t  turn-on time tlie voltage across R842 
goes u p  to 2.5kv :uid some o i  tliese re- 
sistors just can't st:lnd it. Replacing R842 
\\-it11 a Pyrofilm, 12 meg, 2 w, precision 
resistor will overcome this prol~lcm. Tlie 
Pyrofi l tus carry tlie same Tclctrotiix pari 
number (310-56s) a s  tlie originally installed 
resistor, but a r e  rated a t  5 lcv. 

Tliis information applies to Type 561's 
below s/n 1165 and  Type  RM561Js below 
s/ii 230. 

\ \ T X \ V Y N  R E S I S T O R S  - Handle \\'it11 
Care 

\drel\vyn precision resistors can be easily 
tlnm:lgctl if they a r e  hantlled with pliers. 
Puncture of the nioisturc-resist:liit lacquer 
and pressure oil the resistnnce eleti~ent and 
cermiic sul~stratc i rom Iioltliiig tlic re- 
sistor body x i t h  pliers have been itlentiiietl 
as  tlie cause of a nuiiiber of iailures. It 's 
n good itlea to avoid holding any l~r: l~id 
of carbon iilm resistors by tlic body \\.it11 
pliers. 

T Y P E  3S76 DU.4L-TRACE S A M P L I N G  
U N I T  

T h e  0.1 pf ,  200 ~ o l t  tliscap used in iour 
locations (C1073, C2073, C2277 antl C2279) 
in early Type 3S76 Di~al-TI-ace Sampling 
Units  h:ls developed a reliability proble~ii. 
These tliscnps show a tendency to short 
out. \\:hen they do, tlamnge to the liigli- 
voltage supplies cnii occur - sometimes to 
a considerable extent. 

Kone of tlie other presently av:dnble tlis- 
caps of this value :lnd rating will fit pliys- 
ically, so \ve've c1i:uigctl tlie values. C1073 
:11itl C2073 now use n 0.02 pf, 500 volt dis- 
cap (Tckt ronis  pxrt iiumbcr 283-006) ; 
C2277 and C2279 now use a 0.001 p i ,  200 
volt tliscap (Telctronix part number 283- 
067). 

This  infor~iiation applies to Type 3S76 
Units with s/n's below 409 with some ex- 
ceptions. A physical check of C1073, C2073, 
C2277 and C2279 will lie111 to determine if 
your instrument is one of these exceptions. 

LO\ \ ' -FREQUENCY COMPENSATIOi \ '  
- DOI\"T O V E R D O  I T !  

A slight misadjustment of tlie low-fre- 
quency compensation in a Type L ,  Type 
N L  or  Type  B Plug-In Unit o r  a Type 
310, Type 310.4, Type 316 or  Type 317 
Oscilloscope mxy cause a lowfrequency 
boost of a s  much a s  3 tlb a t  about 5 cps 
when a probe is used. 

Tlie problem is this : There a r e  t w o  
c:ipacitors in tlic circuit - the input coupling 
c:ip:1citor ant1 tlie preamplifier coupling ca- 
p:tcitor. Tlie L F  Comp. or  L F  Adj. con- 
trols a r e  intended to conipensnte only for  
the second (preamplifier) time constant so 
tlie response \vill be su11st;lntially the same 
a s  in tlie regul:u AC-couplet1 positions. If 
the compcnsatioii is adjusted so :is to parti- 
ally correct tlic i??,bltt time constant as  well, 
tlie use of a probe (~vliicli increnses tlie 
input time constant) will result in lo\\.- 
frequency boost. A good procedure is to  
use a strap to sllort out the input-coupling 
capacitor n.liile adjusting the L F  conipensa- 
tion. Then  remove tlie s trap and double- 
check tlic result by observing a 50 cps square 
wave using a 1 0 1  probe. Set  tlic V O L T S /  
D I V .  control in tlie most sensitive position 
antl the I S P U T  control in the A C  posi- 
tion. There  should be no up\vnrtl tilt to 
tlie T\-nveform, though the flat-top may be 
somewhat boi\-etl. This  I~o\ving represents 
a small, but not critical, l~oost  at  Ion; fre-  
quencies. Those interested in nccurnte lo\\.- 
frequency incasurements should he careful 
to verify the exact roll-off and I>F lioost 
c1inr:lcteristics of the particular oscilloscope 
used, i i  -4C coupling is required. 

T h e  square-wave adjustnicnt a s  outlined is 
prol~ably tlie best approach;  lio\vcver, \vc 
still experience a rise at  approximately 5 cps 
when doing it this \vay. Those interested 
in lo\\--irec~uci~cy sine-nave response, m:ty 
rvant to adjust :iccordingly. 

Tlie two plate-load tlccoupl~ng clcctro- 
11 tics (LF  I~oost  circuit) iii the 1 1 0  : m -  
pliiier also act to  complicate the multiplier 
tmie constant. 

Many persons prefer tlie 4mplicity of 
using a 1 0 S  prohe in the first place. This  
is all right, but the "straight-in" (no probe) 
operation should be double-cliecketl a f te r -  
wards. 

T Y P E  6R1 D I G I T A L  U N I T  -SPURI-  
O U S  C O U N T  

SThAT INULTI STDP M U L T I  

COL 0 45-5 >- COL 9 6 5 - 5  

1/- - Z 1 4  VOLTS 

3ASE Q 7 4 - 5  
2 4  V D L i S  

CONDUCTION POINT 
CUT OFF BY 4 VOLTS 

. 

MASTER GATE DDARO 

Type  6Rl ' s  employing a 14odel 2A, Series 
5, Master Gate circuit board will produce 
n spurious (one extr:l) count during tlic 
reset 11Iiasc o i  tlie S ta r t  :uid Stop multi- 
vibrators. Tliis slio\vs up xvl~en m:\l;ing 
vo1t:lge mcnsurcnients with either a Type 
3S76 Dual-Trace Sampling Unit o r  a Typc 
3S3 S:umpling-Prolx Dud-Trace  Unit in 
tlic vertical plug-in compartment of the 
Type 567 Digital Reatlout Oscilloscope. I t  
is tilost app:lreiit when the M V / I l I V  con- 
trol of these units is in any (except the 
most sensitive) "5" position. 

T o  checlc for  this prol~lem, apply ;I wave- 
form to tlie A o r  tlie PJ I N P U T  of tlie Type 
3S76 ( o r  Type  3S3) unit iii the Type 567 
and set the unit's M V / D I V  control to n 
"5" position. Se t  the R E S O L U T I O N  con- 
trol of the 6 I i l  to A V E R A G E  OF 10 
S\\ 'EEPS - 131. Depending upon the I S -  
I ' U T  ( A  or  B)  to \\-hich you :~pplietl tlie 
waveforni, reverse the po1:lrity of the A 
V O L T A G E  o r  the  E V O L T A G E  s\vitch of  



tlie 6R1. T h e  Nixie tubes slioultl then rent1 
0000 - if they do not, the AI:ister Gate is 
producing ;I spt~rious count. 

T o  correct this condition, - :uid \vc sug- 
gest liere that you refer to the 1I:ister 
Gate scl~ematic in the Type 6R1 mn11u:il - 
replace R72, x 1 mcg, j/z\v, 5% resistor 
with a 470 k, j/z w, 5% resistor (Teli t ronis  
part number 301-474). 

Tliis problem stems from the fact that 

the S ta r t  multiviljrator does not completely 
reset before the Stop 1nu1tivibr:ttor m t l  
produces a 6 volt negative pulse across the 
I113 resistor. The  tr:insistor Q74 is re- 
verse l~iasetl by about 4 volts \vliicli is not 
enougli to stop the 6 volt pulse. Climging 
tlie 1172 resistor from 1 meg to 170 1i raises 
the bias of Q74 to 9 volts enabling it to 
elfectively blocl< tlie 6 volt pulse and thus 
overcome tlie problem. 

Tlie V P - 1  is :t 50-ohm coaxial tee with 
GR fittings on each end and n plastic center 
collar. Tlie  collar is formed to pi-ovitle ;I 

1r1-;incli f o r  insel-tion of P6031 1 0 S  o r  P6035 
l0OS low-cap:icity, nii11i:iture passive proljcs. 

Tlie l T P - 1  is designed for  use \villi a 
Type 4S1, Type 4S2 or Type 3S76 Pulse- 
Snmpling Plug-In Unit as  a means of :ic- 
cess to  :I 50-olim system wit11 minimum 

tlisturhance of the 50-011111 e~iviso~i~iient .  T h e  
reflection coefficient xvitli either p ro l~e  in 
use is less than 2% (c:ipacitive) antl with- 
out a probe, 2 to 3740 (inductive) a s  seen 
oil a Type 4S1. 

Some of the more obvious uses of t l ~ c  
V P - 1  a r e  a s  a tr igger talicofi ant1 in- 
spection of signals \vitllin a 50-ohm 
system. 

Recent tests indicate that treatment of 
(ne\v) ceramic strips lvitli G e n e ~ i l  Electric 
SC-87 Dri-Film \vill ret:irtl metal-ion migrn- 
tion 11y a factor of 6 or  111ore under contli- 
tions of high humidity :und :itmosplieric con- 
taminntion such :is some customers must 
contend \vith in their 1:ilmrntories. 

O u r  Manufacturing Staff  Engineers evril- 
uatctl sample strips in a high humidity at- 
tnosphere cont;tining hydrogen sulfide, using 
no treatment (control group),  using silicone 
grease, antl using SC-87. Only one failure 
w:is noted in 18 clays in five 11-notch strips 
using SC-87. Three failures (c.g., 1/16 
amp fuses I~lown :it 360 v)  occurred in tlie 
three silicone-g-rease treated s:uiiples ; five 
failures in tlie five untreated samples, in the 
first seven (lays. Tlle one failure on the 18th 
day in tlie SC-87 group \\.:is easily cured 
by wiping off a track of l~lacli sulfide be- 
tnccn notches \villi :( d ry  cotton s\v;tl~. T h e  
dr:imatic success of tlie SC-87 \vas (lemon- 
strated hy the fact that the average notch- 
to-notch resistance of tlie SC-87 trc:itetl 
strips n x s  signific:intly liiglier af ter  the test 
than t1i:tt of the untre:itctl strips before tlie 
test. 

Accordi~iglp, we suggest that :I customer 
p1:uining to use a nc\v i~istrunlent in :i cor- 
rosive atmosphere under lrigli Ilumitlity, 
treat the  strips \\.it11 SC-87 prior to use. 

Tllere :ire so~iic pi-ecnutions to o l~serve :  

(1) SC-87 forms its protective iilni by ~0111- 

11ining \\.it11 atmospheric moisture :uid cliatig- 
ing its c11eniic:d composition. Duriiig tliis 
process, it gives off liydrocliloric :icitl. 
T l~ercforc ,  the ~vor l i  area \vlierc it's 311- 
plied should be \vcll ventilated, m t l  tlie 
tre:itetl instru~ncnt  slioultl be allo\vctl to sit 
for  allout 24 hours before turning on. Tliis 
:~llo\vs the re:iction to complete itself. Pre-  
cautions slioultl be t:ilien v o t  to get SC-87 
o r  its fumes on tlie sl<in or in tlie eyes. 

( 2 )  T h e  treatment will be most effective 
only on :i liezir instrument. \\'liere mct:il-ion 
migration lins a1re:itly att:iclcetl :un instru- 
~ n e n t ,  the affected area bet\veen strip notclics 
can Ile clc:uietl in many cases using sorip 
:ind \v:iter (e.g., tooth paste) abrasive, if 
rinsed u.cll. Tlie strips slioultl be c lem nntl 
dry before applic;ition of the Dri-Film. 

( 3 )  T h e  SC-87 slioultl not 11e allo\ved to 
f l o ~  onto or  into pots, variable cnpacitors, 
o r  s~vitclics. 

T o  treat a scope, simply I~rusli the SC-87 
along the tops of tlie c e ~ i m i c  strips. I t  will 
flow tlo\v~i I~et\vcen the tiotclies to form 
a quite durnl)lc film after  tlrc re:Iction is 
complete. Tlie reaction ~vi l l  tend to tlis- 
color the tinning of tlic cer:uiiic strip 
notclics, but \vill liave no other deleterious 
effects. 

SC-87 is nv:iilal~le through General Elec- 
tric Silicone Products Dep;wtmcnt tlistribu- 
tion offices in most major cities. 

ODRFICATRON K1TS 
T Y P E  132 aiitl T Y P E  133 P L U G - I N  
U X I T  PO\ \ 'ER S U P P L I E S  - S P L I T -  
1'1-IASE F A N  M O T O R S  

This tnodification will reduce a c  noise 
apparent wlien using tliese power supplies 
~vit l i  Type  Q Plug-In Units. I t  replaces 
the original induction-type f:ui motor with 
a split-phase (capacitor start-run) fan 
motor. Tlie modification applies to Type 
132's with serial numbers 101 to 940 and 
Type 133's with serial ~iumbers 101 to 410. 

Order tlirougli your Tektronis  Field En-  
gineer o r  local Ficld Oifice. Specif,; Teli- 
t ron is  part number 010-310. Price $13.15. 

T Y P E  Z PLLTG-IN U N I T  - H O O K  
R E D U C T I O N  

Tliis modification reduces "hoolc" dis- 
tortion of the signal and improves turret- 
attenuator re1i:ibility. I t  replaces tlie AC-DC 
s\vitclies, P U S H - T O - D I S C O N K E C T  S I G -  
N A L  switches and the input-tube sockets 
n-itli components made of material with 
less tendcticy to impart liooli to the signal. 
I t  also replaces plastic tubing \vith Teflon 
tubing, adds ground springs to ground the 
turret-attenuntor contacts on e:ic11 side of 
tlie coiit;tcts in use antl provides a different 
type of turret-atteiluator switching contact. 

T h e  iiiodification applies to Type  Z units 
ivith sel-id numbers 101 to  3563. 

Order tlirougll your Telitronis Field En-  
gineer o r  local Ficld Office. Specify Teli- 
t ron is  part number 010-313. Price $29.00. 

T Y P E  581 AKD T Y P E  585 O S C I L L O -  
S C O P E S *  - I M P R O V E D  T U N N E L  
D I O D E  T R I G G E R  

This modificatioti extends the triggering 
r;uige of these instruments out to 100 M c  
o r  Inore. I t  installs run i~nprovcd tunnel 
diode circuit and T R I G G E R I K G  S O U R C E  
switch. Tlie new s\vitcli incorporates three 
new ( f o r  the Type 580 Series) triggering 
~ i ~ o t l e s  - I N T  aiitl E S T  I-IY S Y S C  a i d  
1x1'  A C  L F  REJ .  Tlie I S T  ;ind EST 
I-IF S Y N C  modes :iccept and trigger 
st:~l>ly on signals above approsi~iiatcly 
100 Mc. T h e  I N T  A C  L F  R E J  ~iiotlc a f -  
fords st;tl~lc triggering on signals above 
1.5 1ic that contain lo~v-frequency noise o r  
line-frequency piclap. I t  :dso prevents trace 
dimming \vlicn oper:lting multi-trace plug- 
ins in the A412T13KSr\TE mode. 

Order tlirougli your Tclitronis Ficld En-  
gineer o r  local Field Office. Specify Teli- 
t ron is  part number 010-322. Price : $65.00. 
- -- - -- - - 

" S O T E  : This modification rcp1:ices Tun-  
nel Diode Motlific:ition Kits, Tc l i t ro~i i s  
part numlxrs 010-242 and 040-270. I t  ap- 
plies to Type 581 iiistrlimcnts, serial num- 
l x r s  101 to 510 antl Type 585 instruments, 
sel-id n u m l w s  101 to 1070, that 1i:ivc 110t - 
we repeat, liave uot - previously bee11 modi- 
fied by tlie insta1l:ition of kits 040-212 o r  
010-270. 

I i  your iiistrument is in these respecti\-e 
scri:il-nuinber ranges (:ud lias Ilnd niotlifi- 
catioii Iiit 040-242 or  010-270 installed), you 
m i y  i~ptl:ite it 1,y installing :i Triggering 
Source S\vitcll antl Iii~provetl T D  Trigger 
Xlotlification Kit, Telitronis p:irt n u m l m  
040-323, wliicli is described elsewhere in  
tliis colutnn. 



'YPE 581 A X D  T Y P E  585 OSCII -LO-  ~ i u n i l m s  1071 to 5000. These iiistruti~e~its coiitrol. The  T I L I E  E S P r l S D E R  supplies 
S C O P E S  - IMPROI-EL)  I7ERTICr \ I -  \\.ill not :lccept tlie Inipsovctl Tunnel 1)iotle 1 1 ,  S10 ,  S20 ,  S5O :und SlOO "magniiicn- 
O U T P U T  T L R E S  Trigger lIotliiicntion Kit. tioil" \vhich does not aifect  the t~umber  o i  

T h i s  modificntion \vill decrease colnpre-  
s i o n  in tlic vertical-:iii~pliiier o u t p ~ t  stage. 
I t  repl:ices 1'1284, n du:il-tetrotlc 7699 tulx, 
lvitli two single-pentode 7788 t u l m .  I t  also 
replaces t l ~ c  crt support-11rncl;et :isseml)l!.. 

T h e  modification applies to Type 581's 
\vitli Serial numhers 101 to 1500 :mtl Type 
583's xvitll s e r d  numbers 101 to 5000. 
I-iowever, on the follo\vi~ig instruments, a 
ITcrt ical  Ampliiier Stnntlartliz;itio~i motlific:i- 
t ion  kit, Teliironis part nuniber 010-275, 
m u s t  first be installed: Typc 581, scri;il 
iiumbcrs 101 to 919 and Type 585, serial 
11~11nlm-s 101 to 2581. 

Ort ler  tlirough ).our Tektronis  Field Eli- 
g inecr  or local Field Oificc,  Specify Teli- 
t r o ~ l i s  part nuinl~er 010-321. I'rice $61.05. 

TYPE 581 . 4 S D  T Y P E  585 0SCII.LO- 
S C O P E S  - T R I G G E R I S G  SOL-IICE 
S\\ 'ITCI-I r i S D  ISIPRO\'EL) T D  T R I G -  
G 1: I? 
, - l l ~ c  benefits :ind clinnges oiieretl 11~ t h ~ i  

motliiicnt~on lilt a le  tlie s c u m  .ii those 
d e w  11ml aim e for  the Imp1 ovetl T ~ m n e l  
I h o d e  T r ~ g g e r  l l o d ~ f i c n t ~ o n  Iilt 

The  Triggcriiig- Soul-ce- S\\-itch -:inti - 1111- 
proved-TI)-Trigger ~notlific:ition kit is in- 
tcntletl also f o ~ -  Type .5Sl's, s/ii's 101 to 510 
;ind T!ye 585's, s/n's 101 to 1070 tli:it 1i;ivc 
I I ; ~  eitiicr the 0.50-242 or  tlie 010-270 Tun-  
nel Diode mot1ific:ltion Iiit installed. 

Ostler tlii-oug11 your Telitronis Fieltl 1% 
gineer or local l~iel t l  Oii ice.  Specify Teli- 
t ron is  1nrt  iiuml~cr 040-323. Price:  $60.00. 

Tliis motliiicntion iniproves the Type 
5T1, sc r id  i~urnbel-s 101 to 996, so as to 
nearly corrcspo~itl to the pcrior~n:l~ice o i  
the Inore recent 5 T l A .  Tt does tliis bv re- 

s:imples per centimeter. 

The S:\MPI.ES/CM control \vitli its t\vo 
:ititled positions, "1000" :uitl " T I l I E D " ,  is 
i c o o r t e  into ;I new s\vitcl~ :isseml)ly 
in \vliicli it is co~iceiitric \vitli the nc\v 
T I M E D  I ' O S I T I O S  control. This new 
:isseiiil)ly rep1:ices the old :issembly in \vliicli 
the S A  hIPLI<S/CM coiitrol \\.:is concentric 
\vitli the D E L A Y  (K SSIC) control 
--now obsolete. The  "1000" o i  the SrlhS- 
I'LES/CAL coiitrol provitlcs greater tlis- 
pl:iy resolution. The  " T I h I I ~ I ) "  position 
pro\4tles slow scan for  use \vi t l~ Y-T rec- 
ostlers, x id ,  the new iront-panel screlv- 
driver-:itljusted poteiitio~iieter supplies a 
1iie:rns of :itljusting the TILII<U s c : ~  speed 
between tlie npprosiniale limits of 5 to 8 
sec/c~n. 

The ne\v T I h I E  P O S I T I O N  control pro- 
vides the v;~rinl)le time dclny for  time posi- 
tioning tile signal tlispl:\y ~vlien the T I M E  
E S l ' A S I I E l I  co~itrol  is in the 1 1  posi- 
tion. In  the otlier esp:mtletl positions, tlie 
7'11II-C P O S T T T O S  control moves tlie time 
"\vintlo\v" any\vl~cre n.itl~in the origin:il 
range displayed in the S 1  position. 

I t  was dcsignetl for  Type 581 Oscillo- The  T I M E  I3SPASI>EIC control is ill- Ostler tlirougli your Telitroiiis Field Eli- 
scopes with serial nunibers 510 to 1500 corporntetl into :i s\vitcli assem1,ly in wl~icli gincer or  1oc:il Fieltl Office. Specify Teli- 
a n d  for  Type 585 Oscilloscopes ~vit l i  sei-in1 it is concentric \vith the S \ \ ' E E P  M O D E  tronis  part number 040-311. Pr ice :  $152.00. 

Three  Type I3 I-Iigli-Gain I3C Di i fc r -  
enti:il Vnits, s/ii's 19681, 19682, :ind 19683, 
shipped 11y Tektroiiis, Inc., I3e;ive1-tc~n, Ore-  
%on, :ipp:irently never :isrivet1 :it their dcs- 
tmit ion.  They ~vel-e lien. in.~tr~irnenrs tles- 
tined ior  tile George C. 1I:irsIi:ill Space 
Flight  Center in I-Iuntsville, :\l:\I~:iiii:i. 'I'l~e 
Kcceiving Depnrtment ;it the Flight Center 
has no  record of their :irriv:il. 

Telitronis, 11ic. ~voultl :~ppreci:ite h e : \ r i n ~  
f rom :inyolie \\-it11 iniorin:ition on tlie \vliere- 
:il)outs of tliese instrumc~it.q. Inforiii:~tioii 
can 11c reported to  :illy Telitronis Fieltl O i -  
fice or  to J im 1-eep, C u s t o ~ ~ i e r  Service I3e- 
p:u'tme~it, Tcl;troiiis, T I I ~ . ,  1'. 0 .  130s 500, 
Eenverton, Oregon. Teleplioiie : hIItcliell 
3-0161. 

Tlie Electronic Industries Associ;ition re- 
ports the loss of :I Type Z Plug-In Unit ,  
serial iiumber 371. Tliis instrument \v:\s 
lost in :i shipment and 11s. G. F. lloliii, 
1l;in:iger ol El.-\ in Ne\v:irl<, S e \ v  Jei-sc~.  
: d i s  t11:it :illy i~ i io r~ i ix t io~i  re~:irding- its 
present loc:ition he directetl to him. Tlie 
street :itltlress is 32 Green Street. Telc- 
plioiie : L \ r k e t  3-7245. 

T ~ v o  Type 503 Oscilloscopes, scri:il n u n -  
I~ci-s 1167 :uid 18817, \\.ere reported stole~i  
from the 1ntern:itionnl Rectifier Corpor;i- 
tion in Los :\iigeIes, Cnliiornin. 

iorm:ition on the \vliereal~outs o i  this in- 
strument. 

H e r e  is ;inother Type  310 Oscilloscope 
reported ns stolen. This  one 11y tlie Tiiter- 
nxtioml l3~1si11css ll:iclii~ic Corpor:ition in 
S e \ v  Oi-le:ms. Seri:il numi~er  o i  this in- 
strwnent is 3098. I t  t1is~ippe:irctl i rom the 
:iutomol)ilc of one of their Et~gineers on 
July 12, 1963. The  supposed theft occurred 
in tile S a v  Orleans :\re:i. 

1nform:itioii reg:irtling the 1oc:ition of this 
iiistruiiie~it slioultl lie p:\ssetl on to l f r .  Lou 
Iiussell, IT311 Corpor:ition, 2610 Caiinl 
St seer, S e \ v  01-lean,q, 1.ouisi;ina. Teleplionc : 
504--523-2011. 

The  convenient port:\l>ility of t l ~ e  Typc 
310 ~ii:il;c,< t l ~ i s  oscilloscope the preierretl 
clioice o i  11i:itiy 1cgitiln:ite oper:itoi-s. I t  np- 
p:irciitl~- a1.w oficl-s :in irresist:il~le appeal 
to those u~i\velconic Iiuinan p:~r:isites \vlio 
"i~orro\v" or  :il~~)rolx-i;itc :in oscilloscoy~e 
\vitliout the o\viicr's consci~t. 

:\t :u1y I-:tte, still :lnotIier Type 310:\, 
scri:il 11u111i1er 0136317, h;is come up missiiig. 
, . lliis one tlis:ippc;lretl i rom the S;iv:iI Air 
Stiition :it Sor t l i  1sl;iiitl. A n y  iiiformntion 
reg;i~-(ling tliis iiistruiiient si~oultl l ~ e  ior-  
\v:irtletl to the 0 k I i  Secul-ity Ofi icer ,  
S:iv:il r\ir St:ltion, Sort11 Tsl;und, S:in 
1)iego 35, C:iliiornin. Telephone : 711-135- 
6611. 



USED INSTRUMENTS FOR SALE 

1 Typc  .361,\, s/n 6255, 1 Type 67 Time 
Base Unit ,  s/n 2932, 1 Type 3.-\I Dual- 
T,., ,ice . Unit ,  s/n 1218 and 2 probes. Total 

price : $800.00. Equipment has seen 661 
110urs of service. Mr. jci~liinis, Don Lee 
Electronics, 1-allcjo, Cnlifornii;~. Telepl~one : 
MI 2-8983. 

1 Type 533 Oscilloscope, s/n 1783 m d  1 
T y p e  53C/53C Plug-In Unit, s/n 20259. 
\\'iiliams m d  r\ssociates, 3971 Jncl;soii 
Street ,  Denver, Colorado. 

1 Type 503 Oscilloscope, s/n 178 I-Io\vell 
Runion, 2525 Sor t l i  Perihing Avenue, 
Stockton, California. Telcplione : 1-10 2- 
8808 

1 Type 561 Oscilloscope, s/n 618; 1 Type 
6 3  Diiferenti:ll r\inpliiie~- Unit, s/n 508; 
1 ' l y e  7 .  1 1 1 i i e  i t ,  I 3 .  ; 1 
T y p c  67 Time-Base Unit, s/n 988 and 1 
T y p e  203 Scope-h lobi lc~  C x t .  Original 
price of tliis coinpleie outfit n-as $1001.50. 
\\.ill sell fo r  10% off original price. Mr. 
Ben .%ml~rosio, l3FA I'roducts, 5711 Nelvin 
Ave., Tarzania, Caliiornia. Phone : D I  3- 
3346. 

USED INSTRUMENTS WANTED 

1 Type 531, Type 533, Tync 515, o r  Typc 
316 Oscil losco~~e.  Harvey Minsk, Souill- 
castern Engineering Service, 1356 Carolyn 
Drive, N. E . ,  Atlanta 6, Georgia. 

1 Type 515 or Type 516 Oscilloscope. l iay 
D;kin,  Correlnteil Data Systems, 1007 Air-  
way, Glentlale 1, California. 

1 Type  121 \\'itle Baiitl Pre:iniplifier. 
Responses to tliis ad sl io~~lt l  be tlil-ected to 
George Lodge, Tektronis ,  Inc., 3601 South 
Dixie Drive, Dayton 39, Ohio. 

1 Typc 575 Tr:unsistor Curve-Tracer Oscil- 
loscope. Tennelcc Instru~ncnt  Company, 
Inc., 130s 961 Oak Ridge, Te~inessce. 

ALABAMA 
ARIZONA 

C A L I F O R N I A  
I 0, .,I,W!<.$ .Arcm 

C O L O R A D O  

F L O R I D A  

G E O R G I A  
I L L I N O I S  
I N D I A N A  
KANSAS 

MARYLAND 
MASSACHUSETTS 
MICHIGAN 
M I N N E S O T A  
N E W  M E X I C O  

N E W  Y O R K  

N O R T H  CAROLINA 
O H I O  

O R E G O N  
P E N N S Y L V A N I A  

T E X A S  

W A S H I N G T O N  
W A S H I N G T O N .  D.C. 

li',~ilr1~esfcr Co!r,lfj-, 1Yesfcnl Corrt:, I l ~ d w s  IZiwr !;:!!~.y. . l4- l  \loi;..m Slieci, Sl:imioril, Con~ieclicol 
T c h  096-5917 . . . . . Telepl~~rne:  (203) l ) . \%i r  .i-3Sli 

e Grccnr Imo , .  , 18.38 l h i i l i i n ~  Sticet, Green~1,oro 'l'elvx Oii-117 . . . . . Te le j~ l~o i i c~  (9I'l)?i.l-iS4i 
I ,  . 50. 1 l : l  I I l l  ! T I  l l iS52 l7  . . . . ~l'clq~lw~r: (2l6)3.il-8ll~l 
lh!m: . ,3601 Sm~th IIikic, I b i v c ,  I ) . t > u m  ,30 T d c ,  ll2AS?i . . . . . 'l'clcplm~~ : (.513)?>.3-.lIi.~ 

e l 'oriI,wl , , 1ll?0 S, \ \ ,  11.111~ . \ ~ c w c ,  I;c;t~crt,,m 'l'cltn i1,30-691 . . . 'l'dqhmc (.~03)\fl1clwll .l-9160 
I ~ I ~ ~ I . , , ~ c I ~ ~ I , ~ ; ~  . I26 i+~.i,~~,,,,i,,~ I IM S~WI,,  IM:,.C.~,,, ,~CI. T C I C X  w.;-.i21s . TCIC~~I,,>I,C: ~ ~ I . ~ I T I ~ I ~ ~ I ~ ~ o ~ ~  9.311 I 
l ' ~ i t - . l n i ~ ; . / ~ . .  3S.31 S u ~ t i ~ w l  I 'TLC, I l im~oc i i l l e  Tciux  1lSO-i6l . . .  . . . .  'l'clc~hone. (412)3il-331.i 

e l ~ , d l : ~ ~ , ,  . 0211 I ) ~ m m : >  l ) ? i \ ~ ,  l'.O l h x  ,3.%3, l > , ~ l l ; t ~  ,3.< T L ~ X  1173-2217. 'l'dc~~lt~mc: ( ~ ~ ~ I ) I ~ I . ~ ~ I ~ ~ ~ ~ ~ ~ ~ I  7-91?? 
l Iourtoli. . 2605 \Ye~t;.ro\~e 1.anc. I IOU.I, ,N ?i 'Yc /c \  077-494 . . . . . . . TCIC~I I I~ IC :  ( i13)3101~.n \ l~  i-8301 

: \wt in  A w n .  1~S tc rp r i c e  3093 
SCK Orlc:m~, I.ouihn:i :\rm: \ V S  3093 

Sc:itile.. . 236 S \Y li3nl S t .  Sr,il;lc 66 l'cl'x 1137--1% . . . . . . . . . . . 'l'ele~~lio;~e: (?06)Cllenr.  3-249-1 

Arca Code Numbers are in parenthesis preceding telephone number. 

1 Type 531 o r  Type 533 Oscilloscopc and 
a C X  Plug-111 Vnit or ,  
1 Type 516 Oscilloscope. Contact Dick 
Martin, P. 0 .  Box 5833, Tucson, Arizona. 

Tektronis Ovcrsens Distribotors in 27 caismies. 
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Recently, Telitroiiis, Inc. made the de- 
cision to convert all Tektronis  iiistrlrments 
having U H F  connectors to B S C  connectors 
antl, also, that Telitronis instrimcnts of 
future design \vill employ B S C  connectors. 

Tlie decision to convert the Telttronis 
product line to C S C  coimcctors \vas 11:tscd 
oil the folio\\ ing facts : 

1. B K C  connectors offer  lower input 
capacitance - an extremely important 
consideration in some applications 

2. B K C  connectors have the requirctiients 
dem:indcd by higli-frequency iiistru- 
~ n e n t s  for  good pcrfoi-m:ince. 

3. B S C  connectors require less patiel 
space and provide more finger room 
Growing panel-density problems dic- 
tate their use. 

4. B N C  connectors a re  etiiployetl hy tiis 
majority of ~ i i a ~ ~ u f ; ~ t t i r c r s  producing 
instrutiieiits used in conjunction with 
oscilloscopes. 

5. B N C  connectors a re  quiclier and easier 
to connect and disconnect. 

First ,  hec:tuse it is 1101 desirable to per- 
petuate the co~iip:it:il~ility of prol~lems of 
hybrid sysleiiis (main frames, plug-ins, 
probes, ctc.) lin\;iiig n o i i - m a t c h i  con- 
nectors, and,  second, Ixcausc it \\-oultl he 
more costly for  us (and, therefore, our 
customers) lo mni!~lain protluctioii on 110th 
UHF and B S C  connectors, \ve feel we 
sl~ould n d e  a complete conversioii fro111 
C I I F  to R N C  connectors. 

\ire include here a visible comparisoi~ of 
the new B S C  :icccssories mt l  their UIIF 
counterparts. 

Included a re  : 
Panel Connectors 
Binding Post  ;\tl:tpters 
Terminations 

For  piirposes of quick identification, the 
CI-IF coniiectoi- has visil,lc t11re;itls ; the 
C N C  connectol- is sii~ootli except for t\vo 
little Ixin~ps that serve as guide pins. 

\\'here B K C  corlntcrp:trts a rc  not :>\nil- 
alde, it ilia) be nece<sar> to use one of the 
t \ \o  R S C - t o - I ' I I F  : t t l :~~) te~s  - T3SC fc- 
m.de to CIIF m:tle, o r  U I I F  feni:tlc to 
I3SC male 

P a r t  Numher 010-314 to 010-320 inclusive, 
a r e  being tliscontini~etl ;uid replncetl 1)y 
those in tlie nc\v cy1inilric:il phst ic  case 
a s  illustrntetl under ":\ttenu:ito~-s". T h e  
six digit numlxrs under encl] illiistrntion 
nre 'I'elitronis part niim1,ers. 

Also included is a chart of tlic p ro lm 
currently mnnufacturetl 11y Telitrotiis, Tnc. 
I t  lists tlie probes by type nuiiil)er :ind 
c:ll~le length, gives tlic l'clitroiiiz psi-t 

number for the R N C  and/or U I i F  vei-- 
sions, antl i~itlicatcs llie function Tor ~vl i ic l~  
thc pro1,e is clcsig~ml. 

T e k t r o n i x  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped antl properly-staffed T e k t r o n i s  I n -  
s t rument  Repair  Stat ion near  you. A s k  your  Field Engineer  about  Tekt ronix  Ins t rument -Repai r  facilities. 



PANEL CONNECTORS 

UHF 

ADAPTERS 

BNC BNC UHF 

103-015 
BNC Female to 

UHF Male 

103-032 
UHF Female to 

BNC Male 

103-033 Binding Port Adapter 013-004 
Single 

131-279 Ny lon  lnrulator 131-064 
406-244 

103-035 Binding Post Adapter 013-009 
Double 

lnrulated connectair. 
lncluder mounting 

131-274 lhordware . 131-320 
ATTENUATORS 

BNC UHF 

Sinale-hole, 1 '2 inch 
mount. lncluder 

131-126 mounting lhordwore. 131-081 

M I N I M U M  LOSS NETWORKS 

? 

\4-! p k a y  

N o  UHF 
Counterpart 

INPUT RC STANDARDIZERS 
hardware 

01 1 -065 I M X  12pf None 
*Oi l-073 1 M X 15pf  None 
01 1 -066 I M X 20 p i  01 1-022 
01 1 -067 I M X 24 p i  01 1-029 
01 1-068 I M X 47 p i  01 1-030 

'Used with lo l r r  Types 82 and 86 that have 50 v j c m  porition 

@ 1963, Tektronix, Inc. 
All Rights Reserved 



TERMINATIONS 

BNC U H F  

Same rhape or BNC terrnlnation ot 
P6016 C u r r e n t  Probe left ,  but w j t h  UhF  coiinectorr 

Termnoot~on 01 I -020 
01 1 -064 

Some rhape or U H F  terminat ion a t  
170-0 Terminat ion lop of page.  

01 1-063 Ure wi th  PI70CF Pjobe 01 1-048 
on scopes otlier thon 517A 

- CABLE ASSEMBLIES, 42-inch 
MALE CONNECTORS 

BNC U H F  

N-UNIT CAL ADAPTER 

12' 010-154 010-188 Gencral I'ui pose 

1'6027 1S I 3.5' 1 / 010-070 1 Geucrnl P t i r ~ ~ o i c  

PO023 1 0 s  3.5' 010-1 67 010-065 13csig1ietl Tor use \\.it11 
1 )i  Ciere~iti:ll :\iiipIiiiers. 

1'6008 1 0 1  3.5' 010-120 '1.1-II~ 52 :~ntl l'!gx S6 

A CORRECTION 

On p:igc 1 untler "licsist:l~icc Soise" \\-c 
st:itctl : "Tlier~ii;il o r  '!oli~iso~i' iloise po\ver 
is pi-oportion;ll to teiiipcr:iture, resist:uicc 
;mtl l~:i~xl\vitltli. The  rms noise z~o l t t rq?  is 
proportionnl. lhcii, to tire sqir(1l.c roof o i  
these i:ictoi-s". 

\Ve hope tliis correction will clear up  the 
conlr~sion our ~iiis-statement m:iy Il;ive 
c;iusetl our 1-c;iders. 

, I . here is :ilso :I typogr;iphic;il er1-01- in this 

article. On pige t\z.o, column three, a l ~ o r ~ l  
tlic niitldle of tile co lu t i~ l ,  1, should be 
given :is "290 pa" - not "430 pa". I I, 4- It, 
must (:ipproxim;ltely) cqu;il 1 LJ. 



T Y P E  561 A S D  T Y P E  RRI.561 OSCIL-  
L O S C O P E S  - I X T E R M T T T E K T  I N -  
T E S ' S I T Y  3 I O D Y L  I T T O N  PRORI.EM 

I11 the October, 1963 issue of Service 
Scope \ve stated that some Type -561 and 
T y p c  R11.561 Oscilloscopes can develop an 
intensity modulntion prol)lem. That  state- 
ment is still valid - but the cure we 
of feretl is not ! 

Altliougli the Pyrofi lm resistor \ve rec- 
oiii~nendcd performed very u d l  during the 
tests we conducted to find a replacement, 
it h a s  since proven just as  si~sceptil~le to 
fai lure as the original resistor. 

A more satisfactory replacement for  
R832 in these instruments is a series 
s t r ing  of four 2 w, 10% coinpositioii re- 
s is tors  - ttvo of 2.7 mcgohms antl two 
of 3.3 niegohms - totaling 12 megohms. 
Tlie  higli-voltage enviroliment and li~iiitetl 
avnilal~le space of R842 require a special 
arr:ungement antl careful wiring of these 
resistors into a scrles string These re- 
siqtors, properly arranged :ml \vised and 
wit11 insti-uctions for  installation a re  avail- 
able a s  :I kit. F o r  Type 561 Oscilloscopes 
specify Telitronis P a r t  Numl~cr  0.50-1 18 ; 
i o r  Type RlI.561 Oscilloscopes specify 
Tckt roniz  P a r t  NLIII-I~I~S 050-147. 

T Y P E  561.4, T Y P E  RN561.4, T Y P E  
-564, 'TJ-PE 565 A S D  T Y P E  R31.565 
O S C T L 1 2 0 S C O P E S  - I S T E R I I I T T E S T  
I N T E S S I T Y  R I O D U L A T I O S  P R O B -  
L E M  

T h e  above iiistruments c:ui also develop 
the s:ime intermittent-i11te1isity-1iio~111l:tio1i 
pro l~ lc~i i  that plagr~es tlie Type 561 and 
T y p e  R11.561 Oscilloscopes. The of fend- 
ing resistor in all these instruments is 
RS42 in the higli voltage circuit. \\lien 
R812 goes out coiiiplctely, tllc operator 
\vill have no control over the intensity; 
tlic Ix:m \v11I be lull on 

T h e  Telitronis rep lnce~i ie~~t  part n u n ~ l ~ e r  
f o r  11842 in the Type .56lA and Type 564, 
a11 serial iiunil~crs is 050-1 18 ; in the Type 
RT\I561X, serial numl)ei-s l)elo\z- -5610, it 
is 0.50-147; :11itl in tlie Type 565, serial 
numl)crs I~elow 170 and Type RM56.5, serial 
numlxrs I ~ c l o ~ v  350, it is 050-116. 

T \ - P E  519 OSCIIAT20SCOPE-TRIGGER 
T I T T E R  

111 cert:lin exes of trigger jitter in the 
Type 519 Oscilloscope tlie cause can be 

traced to poor wire dress of the High- 
\'oltagc .i\notle lend iicar the S ~ v c c p  Time/ 
CAI s\\.itcli. T r y  dressing the lead an-ay 
froni the switch. \\'it11 a little csperinien- 
tation you may cure tlie problem. 

crt's. Tlie filter is punched for  use with 
11c:lrly all 5" roi~ntl crt's. A little t r i~i i~i i ing 
may I x  necessary for  insta1l;ition on the 
Type 503 o r  Type 501 Oscilloscopes. 

T o  mount the polarized liglit filter, re- 
move the four graticulc-cover nuts. Dis- 

T Y P E  j02A O S C I L I d O S C O P E  - F A I L -  
U R E  O F  D I O D E  Dl26  

Tlie failul-c of diode Dl26 in the time- 
11:w genel-:\tor circuit of the Type .502A 
Oscilloscope is most gener:llly caused 1)y 
iiiductivc l~iclil~ncli from the high-voltage 
transformer, T801. T h e  cure for  tllis p r o l ~  
lem is : 

1. Replace R137, a 100 n, I/2 w, 10% re- 
sistor, located between pins 6 ;und 2 of 
IT135 ( a  6.4N8 tube in the time-base 
generator circuit) with a 47 Ic, I/2 w, 10% 
resistor (Tekt ronis  P a r t  Number 302- 
473). 

2. Add an S pf, 500 v capacitor (Telctronis 
P a r t  Numl~er  281-503) het~veen pins 6 
ant1 2 of \TI35 

Designate the nelv capacitor C137 and 
11ial;e tlie necessary changes ant1 adtlitio~is 
to your Type 502.4's instruction ~nanual .  

T Y P E  5 l5A A N D  O T H E R  O S C I L L O -  
S C O P E S  - FA?: B L A D E  A R C I N G  

Occasionally a conihination of high in- 
sulation leakage resistance in a fan motor 
and fan mounts plus a certain spacing be- 
tween fan blade and filter will induce in- 
termittent arcing bet\veen the blade ant1 
f i l ter  Static electricity buildup on tlie 
iiiotor and fan blade causes the arcing. 
Tlie phenomena 11:ls been seen on the Type 
51.5.4 ; it may occur in other instruments. 

I ts  most noticeable effect is to cause 
niisfisc of a single-sweep. T h e  occurrence 
is, I~o\vcver, too rare to be noticed \vitli 
;I repetitive sweep. 

One cure is to change tlle sp:lcing be- 
t\vccii the f:ui I~lntle and the f iltcr. A 
hetter cure is to I~ypass one of the rul~ber 
sllocliniounts xvitli a short length of f lesi-  
hle \vise braid. 

T E K T R O N T X  5" O S C I L L O S C O P E S  - 
POL.ART%ED I.TGI-IT F I L T E R  

A polarized light filter is :~vnilal)lc for 
use \vitli Telitronis Oscilloscopes with 5" 

mount tlie graticule cover But leave the 
graticule in place over the crt Mount 
the pol;lric.etl light filter on tlie grnticulc 
5tutl5, reniount the graticule cover and re- 
place the four graticulc nuts 

Tllougli it l ;~cks tlie non-glare feature of 
tlic ~)ol;irizetl v i rw r r ,  the liglit filter can 
do a good job of increasing trace contrast 
with miniiiium light loss wlierever space 
or other considerations preclude the use 
of tlle polarized viewer. 

Tlie Tckt ronis  P a r t  Nuniher o i  the 
Polarized Light Filter is 378-539. 

T Y P E  8 A N D  T Y P E  86 P L U G - I N  
U S I T S  - U S I S G  T H E  P170CF C A T H -  
O D E  FOLLO\\ 'ER P R O B E  

\\'it11 one of tlie above units in a Type 
580 Series Oscilloscope the P170CF Cath- 
ode-Follower probe will give a 6 nsec rise- 
time and about 60 mc l~andwidth when ter- 
minated with a 170 9 tertiiination (Telc- 
t ron is  P a r t  Number 011-048). You'll need 
a UI-IF-to-BNC adapter (Tekt ronis  P a r t  
Num1)er 103-032) to  connect the termina- 
tion to  the Type 82 or  Typc 86 input. 
There is some overshoot, generally under 
5%. 

REMINDING YOU 



T Y P E  503, T Y P E  501, T Y P E  560, T Y P E  
561, T Y P E  56l.A, A N D  T Y P E  561 O S -  
C I L L O S C O P E S  - C l l h D L E  A I O L K T  

Tliis modification is applicable to m y  of 
tlie above i~istruiiients, all serial numbers. 
I t  provides a means o i  rack mounting 
these instruments in a st:ititlartl 19-iiicll 
relay rack. Modified instrunients require 
1534" of rack Iieiglit. Order from your 
Teli t ronis  Ficld Etigitiecr o r  local Field 
Of fice. Specify Tektronix P a r t  Number 
040-321. Price : $45.00 

T Y P E  555 O S C I L L O S C O P E  - A D D I -  
T I O K A L  T R I G G E R  S O U I I C E S  

Tliis modification provides the Type  5.55 
Oscilloscope wit11 additional triggering 
sources wlien tlie Type 21A antl Type 23.q 
Sweep Plug-In Gnits are usetl. I t  permits 
direct triggering from tlie Type J Plug-In 
Unit when tliat unit is operating in tlie 
C H O P P E D  or  A L T E R N A T E  modes. 
Triggered in this manner, the Type  555 
will display input signals in true time or 
phase relationship. The  modification :~pplies 
t o  Type  555 Oscilloscopes with serial nuni- 
bers 101 through 6999. Order tlirougli your 
Tektronix Field Engineer or  local Fieltl 
Office. Specify Tektronix P a r t  Number 
040-328. Pr ice  : $1.10 

T Y P E  M P L U G - I N  U N I T  - I M -  
P R O V E D  CI-IANKEL S\ \ ' ITCHIKG 

Tliis modification improves the perform- 
ance of tlie Type h,I Plug-In Unit 's clian- 
nel switching circuit by :  

1. Improving the timing of tlie chopped 
blanking to minimize the switching 
transients visible on tlie cr t  display. 

2. Itisusing tliat tlie blocking oscillator 
will stop in the C H O P P E D  mode 
with only one channel in tlie O N  posi- 
t ion ;  o r  ~vil l  operate \villi only two 
channels in tlie O N  position, a s  the 
temperature varies. 

3. I n c r e a  s i n  g tlie blocking-osci1l:~tor 
switching rate to l m c  to insure that 
it will triggel- properly in all instru- 
ments. 

4. Increasing the ring-counter shut-ofF 
currents  to prevent possible one-c1i;m- 
nel loclc-up. 

-5. Replacing tlie +12.6-volt supply zener 
diotle (D.5390) ~vit l i  a sel-ics zener 
diode coml~i~i:ition totaling 1-13.6 volts 
(*2%)  to incre:lse tlie supply voltage 
and  improve sialility when tlie Type 
M Unit  is usetl in tlie l'>.pe 581 or- 
T g p e  585 Oscilloscopes. 

Tliis modific:~tion applies only to Typc 
&'I IIni ts ,  sel-id ~ i u m l ~ e r s  101 tlirougli 824, 
that  htrzv nof l m l  Ficld Modification Kit 

040-294 instnlletl. Order tlirougli your Telc- 
troiiix Ficltl Engineer or  1oc:il Fieltl Office. 
Specify Telitronis P a r t  S u m l x r  010-333. 
Price : $14.75. 

Special Kote :  Typc RI 17nits n-it11 serial 
num11e1-s 101 tlirougli 821 tint I I ~ K ~ P  Ii(id 
Fieltl h1odific;ition Kit 040-291 installetl 
may he uptl:~tetl 11y inst:dl:ition of Fieltl 
i\lotliiic:ltion Kit 040-334 \vhich is tle- 
scril~cd I~elo\\.. 

T Y P E  h i  P P Y G - I K  U S T T  - I hI- 
PI lOVl<D CI-LASSEL S\\ ' ITCITING 

Tliis modification iniprows tlie perforni- 
:liice of the channel s\vitcliing in Type 14  
Plug-In Units not covcrctl 1,y Field Notlifi- 
cation Kit 040-333 tlescribctl else\vlierc in 
tliis columti. I t  is :~pplicdrle to Type M 
IJiiiis, scrir11 numhers 825 through 3479; 
and Type hI  Enits ,  serial numlxrs 101 
t l i r o u ~ h  821, that Iinve had Ficltl Modiiic:l- 
tion Kit  040-291 installetl. 

T h e  improvement in perform:lnce is ac- 
complislied by : 

I. Increasing the ring-counter shut-off 
currents to prevent possible one-channel 
lock-up. 

2. Decreasing tlic v:ilue of R6356 to  
give a higher chopping rate in the 
C H O P P E D  mode and a faster re- 
covery in tlie A T A T E R N A T E  motlc. 

3 Replacing the 4-12.6 volt supply zener 
diode (D5390))  with a series zener 
diotle combination totaling +13.6 volts 
(*2%) to increase tlie supply voltage 
and improve stahility wlien the Type 
M Unit  is used in the Type 581 or  
Type 585 Oscilloscopes. 

Order through your Telctronix Field En- 
gineer or  local Field Office. Specify Tek- 
tronix P a r t  Number 010-334. Pr ice :  $18.85 

T Y P E  561 O S C I L L O S C O P E S  - 3B1 
A N D  3R3 C O M P A T I B I L I T Y  

Tliis ~iiodification pertnits tlic Type 3B1 
and Type 3E3 Plug-In Units to be used 
\vitli the Tgpe  561 Oscilloscopes :uid util- 
ize their tmce-intensifying feature. 

T h e  I-Iigli Voltage circuit is replaced by 
;I new :isseml)ly I\-hicli 1i:ls separate sccontl- 
:iry windings for  the crt  grid :uid c:ltl~otle. 
Tliis permits insertion of intensifying pulses 
on the cri grid aiitl/or chopped 11l:lnlcing 
( o r  external) pulses on the cathode. 

, . Ortler tlirough your 1 elitroiiis Fieltl 
Engineer oi- local Fieltl Office. Specify 
Teli t ronis  P:lrt Kutiiber 010-320. PI-ice : 
$43.40. 

Special Note:  As  a furtlier improvement 
in tlie perform;lnce o i  the Type 561 Os- 
cilloscope xvitli the Type 3B1 o r  Type 3E3 
I'lug-In Units, \vc suggest the installatioii 
of tn.o prc\~iously-announced field modifi- 
cation Icits. They a re  : Field b1odiiic;liion 
Kit  010-267 for Typc 561 Oscilloscopes, 
serial n~umbers 102 tlirougli 578 (~vit l i  some 
csccptions-see your Telitronix Field En-  
giiieer liefore ordering). Tliis motliiic:~iion 
improves stability antl ~seduces ripple in the 
-12.2 volt supply. ;\ntl, Ficltl Modiiica- 
tion Kit 010-288 [or Typc 561 Oscillo- 
scopes, a11 serial numl~ers. This  modifica- 
tion improves regulation :uid reduces ripple 
in the -100 volt supply. 

C A M E R A - h I O L N T 1 S G  B E Z E L  F O R  
T E I < T I I O K I S  5"-ROUND-CIIT O S C I L -  
L O S C O P E S *  - h f O L S T  F O R  R E C -  
T A S G U L A R  1'OLAIIIZED 171E\\ 'ER 

Tliis modification is applicable to Tek- 
tronix camera-mormting bezels for  Tclc- 
t ron is  5"-round-crt oscilloscopes*. I t  in- 
stalls a plastic mount \vliicli permits the 
use of a Telctronis rectmgular  polarized 
viexver ( P a r t  Numlxr 016-039) \vlicn the 
camera is not in photographic position. 
Ortler tlirougli your Telitronix Field E n -  
gineer or  local Fieltl Office. Specify T e l c  
tronix P a r t  Number 040-338. Price : $0.35 

Kote : Catiicra-mo111iiing I~ezels ( f o r  Tcli- 
11-onis 5"-round-crt oscilloscopes*) \vitIi this 
motlific;ltion :11re:dy i~~s t ;~ l le t i  a re  avail- 
ahlc. TI? circunist:inccs \\-liere one Teli- 
t ron is  c:imer:i must serve several oscillo- 
scopes of this type, we suggest the inst:illa- 
tion of this bezel on each oscilloscope. This  



tlic use of :I rect:iiigiilnr poI:irizetl vic\vcr 
except ~vlien the c:unicr;i is in the photo- 
:i.s:~pliic positicm. Ortlei- tliroiigl~ Tclitronis 
Fieltl I l~igi i~ecr or loc;il Ficltl Oii icc.  Spe- 
c i f y  Td;troiiis Par t  Su t i i l~cr  016-226. I'ricc: 
$1.5.00 

T Y P E  3IY PTdYG-IS  USITS - I*-\I<l- 
- - W I X - T I ~ ~ I ; / L > ~ I ~  SIT.-wrr  . i s 1 1  COL-- 
P L E I ?  

I\ tlccoi~pling iict~voi-I; is :~dtlctl to tlic 
I S T  positioti o i  tlie oscilloscol~e's Trigger 
SeIect11s (7rlIIGGl<I<1 SG 1101 )l.:/TI11 (;- 

GEII  S L O P E )  s\vitcli. T h e  Type .53.i.\, 
T 1 . p  I1113.i.-\, T l y c  .51.i.-\ :in11 T>-IIC 
1111-t.i;\ O s c i l l ~ ~ s c o ~ ~ c s  11:ivc t\vo timr 1):w 
gc~ier:itors - T I  1115 13.\Sl< .\ :ind TI111< 
I3r \SI  I? - :inti e:~cli time I):\se h;is its 
mvn TI-igycr Selector s\vitcli. O n  these ill- 
struiixnts, :I tlccoiipli~~g iict\vorli is :itltletl 
to the TIT positioti on e;icli o i  tile 'I'rig- 
2c1- Selector s\vitchcs. 

Ortlrr tlirougli >.our l'c1;troiiis Field En- 
gilleel- or 1oc:d Field Oii icc.  Specify l'cli- 
ti-onis P:irt Suml,cr 010-339. Price 61.80. 



USED INSTRUMENTS WANTED 

1 T y p e 5 1 6  Oscilloscope. Ed\v:irtl C. Regan, 
6331 Tctnpleton, I-Iuiitington S'arl; Cnlifol-- 
nia. Telephone IdU 1-8348. 

1 Type  561 and Plug-Ins. Joliii Ilnvis, 8029 
Quentin St1-cct, I-Iyattsvillc, 1l;iryl;i1itl. 

1 Typc  56lX or  will consitler n Type 561 
Oscilluscopc. C. 1. I-Tire, :\tlv:incetl Engi- 
neer, TT11el.m-0-Disc, I I I ~ . ,  XInnsiield, Ohio. 
Telephone I>.-\ 2-431 1. 

1 Typc 531 o r  Type 53121 Oscilloscope in 
any condition. Henry Stcigers, IXt. 2, n o r  
787, Puy:~llup, \\.asliington. Tclcplionc T I  1 
5-9729. 

1 Type 524 Oscilloscope or  1 T p e  53.5 
Oscilloscope \\-it11 a Type 1- Plug-In Unit. 
T o m  I.nnders, 84 F i o \ ~ e r  Street, 1-Iartiord 
5, Coiinecticut. 

USED INSTRUMENTS FOR SALE 

1 Type -551 Oscilloscope, s/n 51.5 ; 1 Typc 
53/.54C Dual-Trace l ' lug-In; 2 Type 1) 
I-Iigli-Gin Diiicrcuti;il Plug-Ins. Dr .  E .  
Lilxt  o r  Gus \\.inston, U.  C. 1Icdir;il Cen- 
ter, 2nd antl I1;irn:i.ssus, S;m Frailcisco, 
California. Te le~~l ione  SIO 4-3600, E s t .  73.5. 

1 Type -551 Oscilloscope, s/n 4281 ; 1 Type 
C:\ 1lu;ilLTr;ice Plug-Tn T7iiit, s/ii 4.5892; 1 
Type 1- Plug-In L-nit, s/n 141.51. These in- 
struments : r e  :llxmt 17 nio~itlis old. Cont;~ct 
hIr. St;inlcy, ]erguson C;:ige and 1-:dve 
Comp;uiy, Adaiiis Street, I!urli~igto~i, h I ; ~ s -  
s:lcllusctts. 

1 Type -541 Oscilloscope; 1 Type C:\ I h -  
Trace  Plug-In 17iiit; 1 Type .53/.541< F ~ s t -  
Rise PILI:-III Cni t   id :i ' r1 .1~  500/53:\ 
S c o ~ ~ e m o l ~ i l c ~  (no scri:il 11u111l)ers given). 
These instri~nients ~ v c r c  overli:~ulctl 11y Tel;- 
troiiis in Koveii~l,er of 1962. Price c o n -  
plete $1 100.00. l3oh 1 lnsl;iiis, I'liillips -.\p- 
plied licsenrcli, 1640 21st Street, S;int;i 
Monica, Califo~-ni:i. Telcplione C L  1-1612. 

2 Type 555 Oscilloscopes m d  Po\vcr Sup- 
plies; 1 Typc C:\ Plug-In U n i t ;  2 T ~ y e  
1, Pli~x-111 Cnits  ant1 1 Type G S'liig-111 
'nit (110 seri:il 11111ii11ers given). :\I1 ~ I I S I I - ~ I -  
mcuts a re  in :\-I condition, completely i-e- 
c;ilil1r:1tetl, ctc. 11y Teli t ro~iis .  Cont:ict 111.. 
I>c:ui I)eT2uc, IIolcctro Corporntion, 2 9 3  
Ysitlro \\'ay, S;iiita CI;ir:i, C:~liforiiin. l'cle- 
plionc 245-4320, 

1 Type 517.A Oscilloscope, s/n 1508, with 
Po\vcr Supply ; 500.A Scopemol,ile ; 1'170- 
C F  C:itl~otlc-Folio\\-er Pro1)e :ind E170'i .At- 
tenu:itor. :\tltlress itiquiries to Pearl I - Ion~i tz  
hlecltelburg, Decisiotis, Inc., 142 Second 

cilloscopc in h4ay of tliis year. This  was ;I 

Type 321, s/n 1895 antl it, like the 310:\ 
:ibove, is l1elicvctl to 1i;ivc 11ecn stolen. hfn- 
rine Radio Service \voultl appreciate he:n-ing 
froin :i~iyoiic \\-it11 inior~iintion on t l ~ e  \vlicrc- 
al~ouis of tllis Typc 321. 

Street, Fa11 River, M;tssachusetts. Telc- 
plione .Area Code 617 O S  2-7448. 

4 Type 512 Oscilloscopcs; 4 Typc 514AD 
Oscilloscopes ; 1 Type 524D Oscilloscope ; 
1 Typc 315U Oscilloscope; :mtl 5 Scope- 
mol~iles (older type). .-\]I i~istruments \\.ill be 
repairetl :uid rccalil~rxtetl before shipment to 
buyers. 1)ctails as  to 111-ices and serial n u n -  
I ~ e r s  may I x  ol,tnined by co11t;icting 11s. A r t  
Ei~crliartlt, Cnivac I~livision of Spcrry-Iiantl 
Corporatioil, 311 Turner Street, Ctica, N a v  
Yorli. 

1 Type 321 Oscilloscope, s/n 1473. Mr .  R. 
ICleiii, 6.51 Aml~lcsitlc Iio:~d, Des I'laines, 
Illinois. 

1 Type 502 (no  seri:~l niimher given) with 
a 50OX Scopemobile. Price $800.00. Contact 
Bci-nie Boi-ane, XI-izona J O U I - I ~ : ~ ~ ,  Phoenix, 
:\ rizoi~;i. 

1 Type 543 Oscilloscope, s/n 624 :uid 1 Type 
Cr\ I'lug-In Unit, s/n 2083. Tnstrui~ients a re  
:ipprosinintely 5 years old :uid in good 
condition. Price $1000.00. Contact 141.. 
Il\viglit Lord, ~~~~~~~~~~~~d Electronics. Tcle- 
phone Area Code 213 U P  0-7393. 

Bob \\'ells, Texas Cryst;~l Conip:iny, 4117 
\Vest Jef icrs011, 1-0s Angcles, Ci l i forn i ;~  has 

r .  
;i 11-pe 502 Oscil losco~~e lie ~voultl like to 
trade for  :i Type 531 o r  Typc 541 Oscil- 
loscope. His telephone nunibcr is 731-2258. 

In  M a y  of tliis year, n Type 310.4, s/n 
13137, disnppc;ired from tlie l ' ;u~denl~erg  : \ i ~ -  
Force Base in California. This i~ i s t r i~~i ien t  
carries Ai r  Force T a g  ##I921 ;iiitl is IJC- 
lievcd t o  1i:ive heen stolen. 

Information rcg;u-ding tlie \vhere: i l~o~~ts of 
this Tj.pe 310:l should he for\vartlctl to Bill 
Da\rics, Arma IXvision, A. Roscli AI-ma 
Corporation, P. 0. R o s  158.5, \':uitlenl~erg 
Ai r  Force  Cnse, California. T h e  Telephone 
number is 866-1611, esteiision 6925 or  7242. 

The  h1:irinc Radio Service in S:i~i I'edro, 
California also suffered the loss o l  a n  os- 

I-Iere's anothcr report of a Type  310 stol- 
en from a car. Instruments left in auto- 
111ol)iles seem to of fe r  an esceptional :ittr;ic- 
tion to car prowlers. A good move I~efore  
lockiug ;in instrument in n car is to coiiceal 
it from covetous eyes Iry soiiie kind of :i 

covcrinfi-coat, I,l;inl;et, paper, etc. 
Tlie s/n of this siolcii 310 is 4893. Doiinld 

l3rnsn:in o i  the Cnivac I)ivisio~i of Sl)crry- 
Rand Corpol-ation says it \vns removed froni 
the car of one o i  their service person~icl :it 
63rtl :ind \\'ester11 in Chicago, Illinois, on 
the evcliilig of hIoiitl:iy, Octo l~er  21, 1963. 

Mr .  Br;isiia~i :isl;s anyone \vith iiiforiiia- 
lion on this missin? Typc  310 to  ~ ~ l c a s c  
contact Iii111 : ~ t  410 S. 11icliig;in in Cliicngo, 
Illimis. 

In  :unotIier c:lr ~ ~ r o \ \ . l  ;i Typc 133 Plug-In 
17nit I 'o~vcr Suyq)ly, s/n 209, :iiitl :i Type E 
I'lug-111 [.nit, s/n 4721 were r e ~ n o ~ d  iron1 
a car i l l  the If;inli:~tt;in section of K c ~ v  
Yorlt Cit).. Tlicsc i ~ ~ s t r u i ~ i c n t s  I)elo~ig to tlic 
Geo~hysics 1)el)ni-tnient o i  Iicnsselacr I'olj- 

tcclit~ic Institute in Troy,  New York. 
;\nyoiie \\.it11 iiiforniation reg:irding these 

instr11rnents is :~slxtl to p1c:ise contact tlie 
Tclttronis Field Office at  12 Raymond 
i\\-enue in l'ougIil;eepsie, S c \ v  Y0l-l~ or  the 
Geophysics I1cp;li-tment of Renssclacr I'oly- 
technic Institute in Troy,  Kc\\; Yorli. 

i\ Type 72 Dual-Trace Plug-In Unit, s/n 
276, is niissing fro111 the Telttronis Field 
Office in Baltimore, Rfarylantl. This  is ;I 

Tcktronix-o\vned instrunlent and u-c would 
appreciate having anyone with infol-malion 
on the locatioti of this i~istrument contacting 
either their local Tcli t ronis  Field Of i ice  or  
our Field Ofi icc in Ealtimore. Tlie atltlress 
o i  tlic Ealtimore Office is 1045 Taylor 
A\renuc, Tmvson 4, h4aryl:untl. Their  tele- 
phone numhcr is Area Code 301 825-9000. 

, . I h e  University of Bli~mcsota is missing a 
TI pe i31  Oscilloscope, s/n 5199, : ~ n d  :i Type 
.53/54C 1)u;ilLTr;icc Plug-In Lni t ,  s/n 18622. 
These instruments disappeared from the 
13cctric:il E n g i ~ ~ e e ~ - i i i g  13ep:i1-tment. Infor-  
m:ition co11ce1-ning tlie \vlicre:il~outs of these 
instruments slioultl I)e directed to Al Larson, 
13ectric;il 1.5igineering IIep:irtmcnt, 17nivcr- 
sity of 1'1i11ncsotn, Minne;ipolis, Milinesota 
55414. Tclel,lioi~c Number 373-2494. 
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I n f r o d ~ { c f i o n  
Modern technology requires measurement 

c a p a l ~ ~ l l t ~ c i  In the f ~ a c t ~ o n a l  n.wosecond 
(lo-' second) a1 ex D~odes  \T 1t1i sn ~tclimg 
t ~ m e s  \\ell under 100 p~oseconds  (lo-'' sec- 
ond)  :uid transistors n ~ t l i  f t  (cut off  ire-  
quenc) ) of over 1000 Mc nl c presently a\ all- 
able 

Tlie sampl~ng oscilloscope prov~des ;In 
excellent tool for  tlie ol~servat~on of these 
phenomena provided the signals are pre- 
sented in a 5On characteristic impetl:mcc 
system. Ilowever, it is \cry seldom that 
one can load a circuit with 50 either in 
parallel or in series without disturbing it 
beyond use. Therefore, one has to provide 
means to extract the voltage and current 
waveforms from the circuit ~vithout dis- 
turbing the circuit to any great extent. 
T h e  output of this device should present, to 
the sampling oscilloscope, an undistorted sig- 
nal on a 50 n level. 

I n  tlie case of voltage measurements, a 
good high frequency resistor (Ref.  1) map 
be selected. Provided it is placed in a 
proper environment, this type of series probe 
will perform rather xvell up to 1000Mc. 
Fo r  the current waveforms, however, the 
solution is more complicated. Conventional 
current monitoring devices are restricted 
t o  relatively low frequencies either by basic 
limitations or by  strap parameters. For ex- 
ample, the Hall  potential in a Hall device 
is established in approxitnately sec- 
ond. Hoxvever, its inherent stray capacity 
and flux-linliage patterns prohibits its eco- 
nomical use above a few Mc. 

Tlie conventional current transformer with 
1;imin;~tetl core (Ref. 2) is useful up to 
a few kc. Tlie tape \vourid version extends 
tlie frequency response :md phase correla- 
tion to approsinlately 100 Icc. 

If the design of a current transformer 
is based on a T E M  (Transverse Electro- 
magnetic Mode) approach however, the 
Insic f requcncy limitations are overcome 
and fractional nanosecond speeds can be 
nchieved. 

Tlzc TEjlI  Czirrcjzt Trnusfori i~er 
A single turn circular xitiding is inserted 

in the spnce between tlie inner and o u t e ~  
contluctor of n coaxial transmission line 
of impedance Z, (Figure 1 ) .  For simplic- 
ity only lialf of the IcngLh\vise section is 
represented. The H (magnetic) field will 
terminate in a current sheath J in the eir- 
cular winding 

(Curl I l  = + J since 
b t  

inside the Ivinding .'. curl H = J.) 

Also, since H is proportional to I, then 
$5 = I and a current I will flow in 

Z, for a single turn winding. At  X3 the 
current I in the single turn winding will 

Figure 1 .  A single-turn winding inserted in the space between the inner and outer conductor of 
a coaxial transmission line of impedance Zo. 

Tektronix  Instrument-Repair  Facilities: There is a fully-equipped and properly-staffed Tektronix In-  
A-2205 strument Repair Station near you. Ask your Field Engineer about Tektronix  Instrument-Repair facilities. 2 / 6 4  



I-cgener;\te I 3  in e c l ~ l l  ~xignitut lc  :lilt1 :1c- 
c o r t l i ~ i a  to tlic principle o i  super-positio~i 
I;= = r<, - IZ,. 

iiidic:ltiiig tli:lt tlie inipedmce Z I  is ef- 
fectively plnccd in series \\.it11 Z,,. (Tliere- 
f o r e ,  to iii;\int:li~i ;I i irst ostler m:ltching, 
tlie ratio o i  the tli;\ii~etcrs of tlie inner :md 
o u t e r  contluctor plst  S. in the S direction 
sliould 1)e reduced to I)e equal to Z?.) A sec- 
ond order c;qncii~ve reflectioii occurs bc- 
cau5e tlie E field in going f rom S1 to SJ 
is confined l~ct\veen tlie inner conductor 
anti tlie winding and betiveen the outer 
co~iduc tor  2nd tlie winding. 

Seglect ing the winding transit time, for  
a n  "n" turn \\inding YJ  = I \vodd still 
6b ld  ; lionever, I \\.ill be a current I/n per 
t u r n .  Tlie current through Z1 is I/n antl 
t h e  series voltage drop reflected in the 

I 
11 - I 

original E field is ---- - - nZ 

Therefore,  Z? = 
T 

T h e  reflected impedance is proportional 
t o  1/n2, similar to the conventional trans- 
former  A true mathematical deriwtion of 
these results amounts to a dolible hountlary 
value probletu (Ref .  3 and I )  and is quite 
involvetl. I-Iowcver, this is not essential 
t o  achieve a basic understanding o i  tlic 
functionitig of a T E M  transformer. 

U p  to this point we  really have not 
solved all basic limitntions of the tmns- 
io rmer ,  )e t  tlie prccetlmg is essential for  
t h e  untleritand~ng of the methods itivolved 
in solving them. 

b b  
Figure 2. Twelve-turn transformer. 

\\'e have a trnnsiorrner \\.it11 one pri- 
m i r y  : u ~ l  n seco~itlary t u r i ~ s  (Figure 2 ) .  
I i  we introduce a cui-rent step I in the 
primary \vintliiig, \ye will i~itroduce n cur- 
rent step i,, a t  tlic sc i i i~c  timc antl o i  equal 
m;\gniti~tlc in :\I1 n tu r i~s .  The  step i,, intro- 
duced in a particular turn \\.ill propngatc 
iii n tr;~iismission-linc ~notle a rou~xl  tlie core 
in both tlirectioiis :11itl so \vill ;ill steps in 
every turn. Tlie resulting output Jvave- 
forms ;it tlie secondary terminnis of tlie 
transforiiier will, therelore, look like Fig- 
ure 3 indicating a "pusli-pull" mode oui- 

Figure 3. Output of twelve-turn transformer. 

put. Here,  then, we  have tlie first basic 
limitation: tlie risetime of tlie output wave- 
form will be approximately n times td, 
where td is tlie delay of one ~vinding. 

Tlie second limitation of tlie conventional 
current transformer is the fnct that there 
is a certain :\mount of s tray cap:lcitance 
(C, )  antl inductance (Ia,). This will form 
a distributed L-C circuit that ~vil l  resonate 

0.33 
a t  a frequency below --- (equivalent 

n s ttl 

3-db point due to tlie first limitation) antl, 
therefore, give a poor transient response 
especially ~ v h e n  n is large. 

Figure 4. A step V, placed simultaneously 
on two Z, cables, odds the two steps to a 2V 
step into a 22, cable. 

In Figure 3, if a step V is placed simul- 
taneously on the two 2, cables, one can 
add these t ~ v o  steps t o  a 2 V step into a 

2 Z, c:il~le, a s  shown. I-Io\vcvcr, this will 
work only i o r  a time ccluiv;~lent to tlic 
double tlel;iy time ( 2 T )  in one Z ,  c;\ljlc 
1)ec;lusc ni ter  t h t  the gener;itor will he 1 
shorted. One c:ui extend this timc spati 
1jy placing an impetl;lnce in the short cir- 
cuit loop - here done by means of a fer- 
rite core (I iefs .  6 antl 7 ) .  

Figure 5. Twelve-turn bifilor winding. 

I n  Figure 5, rather t1i:ln ~ v i n d  an n turn 
single winding transformer, t\vo windings 

I1 
each having turns have been wound - 

bifilar, a s  sho\vn. T h e  four output volt- 
ages a r e  then added and supply one single 
ended signal. Tlie addition is performed 
n i t h  tlic trans~nission line addition tecli- 
nique. However, fo r  practical reasons tlie 
wires a r c  kept very short and, therefore, 
tlie double delay time (2T) is short. One 
depends m:linly on the isolation provided 
by ierr i te  beads placed in the short circuit 
loop. Leads should be kept to the same 
length to  assure time-coincident addition of 
the signals. By doing this we  have acliie\wl 
two improvements (F igure  6) : 

( a )  T h e  risetime of tlie output pulse, due 
to limitation one, has been reduced 
f rom n s td to n/2 s td (This  is not 
exact because the turns in this case 
nil1 be sl~glitly longer;  therefore, td 
nil1 be sl~ghtly greater. However, this 
effect is small.) 

@ 1964 Tektronix, Inc. 
A I, "!_L._ D^_^".,^-l 



9 t u r n  

u l s e r  
t u n n e l  

d i o d e  

t r a n s -  

6 6 1  
452  
5Tl 

( 0 )  Pulse direct to 452. ( b )  Pulse coupled to 4S2 via o straight ( c )  Pulse coupled to 452 via 3 x 3-turn 
nine-turn transformer on o 1/2" dia. transformer on a 1/2" dio. by ',&" core 
by ',&I' core. [some core as used in ( b )  1 .  

Figure 6. System used to obtain these waveform pictures: Tunnel diode pulser ( ~ 3 0  psec risetime), Type 661 Sampling Oscilloscope with a Type 452 
Dual-Trace Sampling Unit and a Type 5T1 Timing Unit, and a Type C-19 Camera. Sweep Time/cm: 0.2 nsec. 

( b )  The  transient response, due to  limita- 
tion t ~ v o ,  Iias been improved due to 
the fact tliat the stray capacit;uice has 
been reduced since the trvo windings 
at  every point on the core move in tlic 
same manner volhge-\vise [ i r  (reso- 
m n t  irequcncy) proportional to  l /  ,ic] 
while the inductatice and resistance stay 
essentially the same. 

Note that a t  DC the two windings a re  in 
series. Tlie output voltage is the same a s  
that o i  a conventional 11 turn transformer. 
One cnn use niultiplc turns througll the iso- 
Intion 1)eatls to  obtain a large time constant. 
Kote also tliat one is not limited to  2 rviiid- 
ings of n/2 turns per I\-inding. One can 
use n windings o i  1 turn per ~vinding (as 
long as n/a is greater than 1 and a real 
number). T h e  liiiiitntion is 11 rvindinns of 
1 turn per ivintling and there the risetime 
is equivalent to  1 s td or  the total prop:\- 
gation titnc around tlie core, wliichever is 
greater (Figure 7 ) .  

One can i~uiltl a t rmsformer  \vitli :I large 
~ l u i n i ~ c r  of tusns to get n long time const:int, 
but at  the sntne time one c:r!i get a very 
iast  risetime and good tr:insient responsc, 
ns \\-ill Ije esplai~letl later. 

Core -1ftrterinl 

Unlcss a core rvitl~ a permc:il~ility >1 is 
inserted inside tlie \\inclings, the tr:uisiornicr 
action is limited to  the  double t ra l i s i~  time 

FERRITE 

BEADS 

Figure 7. Eight-turn multifilor winding. 

o i  the r\.iiiding. T o  cxtend this lime usu:illy 
io r  higli frcquency :ipplicntic,iis n ferrite 
core m:iteri:\l (Ref.  5) is used. Fcrrites 
a re  sinteretl innterials, generally of a l m i -  
cally spinel cryst:illinc structure consisting 
o i  I\IOFe20, n-liere Bf can be o i  any of 
tlie follorving elements: Co, Xi,  hIn, Cu, 
Mg, Zii, Cd. 

Generally the low permeability ferrites 
have a Iiigli resistivity and the high perme- 
ability icrrites a low resistivity. Tliereiore, 
the high permeability ferrites liave higher 
loss than the low permeability versions. 
Some typical high frequency ferrite materi- 
als a re  : 

Periileabilifg R h o  ( Q  2111) 

Ferroscube 101 200-250 > 10" 
102 250-100 400-600 
101 300-700 250-150 

Kearfott hfX30 4,000-6,000 300 
bli\'60 5,000-10,000 230 

T h e  Design of  a TEM Current Trans-  
f o1.111~~ 

In  order to design a Iiigli speed current 
transformer, one Iias to consider several 
factors;  transformer ratio, risetime, lo\v 
frequency time constant, space ava~lable, 
impedance level, ctc. T h e  lumped constant 
equivalent circuit is represented in Figure 8. 
Here  R, = R, n ? ;  L = I-, n' 

R, is assuiiiecl to be a constant propor- 
tional to tlic core losses and expressed in 
olims/turn2. In  practice, lio\vever, one might 
Iinve to use a tlifierent 13, i o r  high fre- 
quency (and lo\\- frequency) calculations de- 
pending 011 material and bandrvitltli. Tlie 
values given 1,. the ferrite manuinctilrers 
generally refer  to the lorv-frequency losses 
of the material. They liave no consistent 



Figure 8. Lumped-constant equivalent circuit of a current transformer. 

correlation \\-it11 tlie frequency vnlucs of R,,. 
Therefore ,  these need to 11e nie:isuretl for  
individual materials. '\;alucs vary from 20 
f2/n2 to > 500 Il/n2 depending on core ma- 
te r ia l  and dimensions. 

Id,, is a constant proportional to tlie per- 
nie;kbility of tlie core, tlic cross section and 
t h e  magnetic length. For  a cylindrical core 
w i t h  outer diameter D, inner diameter tl 
and length t ,  tlie intluct:mce/turn' can be 
estimated b y :  L ,  = 0.2 pt In  D/d s lo-" 
pH/n2  

Z,,, = the transformed impedance. 

T h e  low f requcncy cut-of f is determined 
b y  the L / R  time constant. 

T h e  re5ponse ~vi l l  be 3-(111 do\\-n i f :  
w L  = 2xfL = R, where R is t l ~ e  total 
resist:uice R,, in parallel \\-it11 L. 

nT, ,RI,  
R,, = 

n'R,, + R,. 

A t  tliis point there will he a 45" phase 
sliiit through the trnnsiornicr. 

I f  accuracy of 1% is required in tlie 
t ransfer  ratio, the low frequency response 

\\-ill he limited to a liiglier fl-ecluency. I t  
can he readily verified that : 

Tlie phase shift \\.ill be :ipprosimately 
8.1" at tliis frequency. If :I m:lsitiium pli:~se 
shift of lo is required tlie lo\ver frequency 
response should be limited to a still liiglier 
frequcncy. Ii?; performing tlie necessary 
c:1lculntions one finds : 

A s  a practical example, n transformer 
\\-it11 a low frequency 3-db point of 10 kc 
\\-ill have n 1% amplitude accuracy above 
7 0 1 ~  and less than l o  phase shift above 
570 Iic. 

From the low frequency point of view it 
is tlesirablc to  have a Inrge numl~er of turns 
to m:~lie I, and R I  1:u.g~. As  previously 
sliolvn, this limits tlie risetime. 

Ii?; splitting the ~vinding into several 
multiiilar turns, as  previomly outlined, one 
can maintain the risetime for  high speed 
operation and still have a large L and long 

tinie constant since a t  low frequencies the 
turns appear in series. T h e  transformer 
may be used for  current measuring purposes 
a s  well a s  for  tnatcliing t ~ v o  points of dif- 
ferent impedance levels. I n  either case, the 
transmission line will have a voltage Ivave- 
form a s  well since tlie characteristic ini- 
pedance is always greater than zero. In  
order to prevent capacitive coupling of tlie 
voltage waveform, tlie transformer has to 
be u d l  shielded by a ground plane between 
tlie center conductor and tlie transformer. 
-4 perfect shield is not feasible, since tliis 
\voultl amount to a shorted turn on the 
trnnsformer. However, satisfactory shield- 
ing can practic:illy he :~cliieved by leaving 
a narrow gap in tlie shield. 
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If you \\-anted to malie a record of a 
repetitive \v:~veform displayed on the crt  
of an oscilloscope and you didn't have a 
camera, you could stand 11:ick wit11 easel 
;md pen, hold up your tliunib in Ren1br;lndt- 
style and slietcli alvny. O r ,  >-ou could place 
:I sheet of translucent pxper over the face 
of tlie crt and trace tlie waveform. Tlie 
difiiculty here, of course, is trying to hold 
the p a p c ~  firmly in place and at  the same 
time n i d x  the tracing. 

One solution to this problem is to use "Scope Pad" consists of twenty, trans- 
:I slieet of "Scope Patl". This is a unique lucent, :ldlicsive-lxd;cd sliects ruled with a 
product ni:liiuiacti~rctl :lnd tlistri1)utetl 1,y graticule-line g r i d  .-\t tlie side of each 
Eiisc:l, Inc., P .  0 .  130s 253, S e w  YOI-li, slieet a r e  spaces for  tinie and amplitude 
New York 10023. data. 



S H O R T I N G  PROBLEMS DURING T R O U B L E  SHOOTING 

Cliucl< hliller of our Field Training group density (tightly-notched) ceralnic strips- 
calls our attention to a serious problem see Figure 1. 
tha t  can exist wlien attempting to trouble- 
shoot an instrument incornoratinrr Iiirrli- I f ,  in this trouble-shooting, the probe 

employed uses a large tip-the old-style 
double-pinclier tip for example-the danger 
exists of shorting out components and pos- 
sibly destroying expensive transistors, di- 
odes, etc. 

A way to minimize tliis problem is to 
use the ne\ver and thinner pinclier tip (Tek- 
tronix Par t  Number 013-071-see Figure 2) .  
This blade-like, single-pinches tip offers a 
greater margin of safety against the sliort- 
ing out of components in cro~vtlcd areas 
and the improved pincher tip has greater 
holding ability. The thin blade design causes 
a rnininiutn of component displacement dur- 
ing trouble-shooting and facilitates cliecking 
dif ficult-to-re:~li test points. 

This newer pinclier tip is designed to be 
used with the following Tektronix probes: 

Figure 1.  These two ceramic strips are the P6001 P6005 P6009 P6027 
same length. The conventional strip ( 0 )  con- 
tains 9 notches. the hiah-densitv strio i b \  con- P6002 P6006 P6017 P6028 - , . . ,  
tains 16 notches. P6003 P6007 P6022 

Figure 2. A comparison of the older double-pincher tip (left1 and the new thin-blade, single- 
pincher tip ( r igh t ) .  Both shown with pincher extended. 

T Y P E  575 TRANSISTOR CURVE 
TRACER - PEAK-VOLTS AUTO-  
T R . 4 S S F O R l E R  I M P R O Y E l I E N T  

Here is a service that if performed on 
the Peak-Volts autotransformer (T701 in 
the collector-sweep schematic) will improve 
its operation at low collector voltage wlien 
the HORIZONTAL VOLTS/DIV con- 
trol is set to the 0.01 collector-volts posi- 
tion. 

Prior to tliis service the P E A K  V O L T S  
control will not turn down past around 
5 ctn of volts with the HORIZONTAL 
VOLTS/DIV control in the 0.01 position. 
a f t e r  the service it will turn do\\n to 2 
cm of volts and the oneration doum to and 
up from this position will be very sn~ooth. 

The service consists of lo~vering the mini- 
nlum voltage output of the autotransfortner, 
T701. T o  do tliis, loosen the screw liold- 
ing the rotational limit stops and adjust 
tlie stops so that counter-clockwise rotation 
can be made tlonn to the last one or two 
windings. Care m t s t  be exercised ?tot to 
nllow file contact to rwz o f f  the end of the 
ecim/it~gs as damage could result. 

P L A S T I C  L I G H T  S H I E L D  F O R  REC- 
TANGULAR CRT's 

A plastic liglit sliield, similar to that 
used in Tektronix instruments with 5" 
round crt's, is available for Tektronix in- 
struments with 5" rectangular crt's. 

The  shield is designed to block any 
entrance of liglit onto the phosphor via 
the space between the crt shield and the 
front panel. Light escaping through this 
space can prove botliersorne in some oscil- 
loscope photography applications. 

Designed specifically for the Type RM- 
561, the sliield is equally useful in other 
Tektronix instruments employing a rec- 
tangular glass crt-the T ~ p e  567, Type 
RM567, T ~ p e  527, Type R X 2 7  and the 
Type 561.4 110D210C or 210E. This sliield 
is not needed nit11 the ceramc crt since 
light is shielded by the ceramic envelope 
and rubber boot. 

Tektronix part numl~er of tlie ne\v liglit 
shield is 337-586. Order through lou r  local 
Tektronix Field Office or l ou r  Tektronix 
Field Engineer. 



Breakage of the 3-ivire po~ver  connector 
o n  instrunients employing a t1etach:iblc 3- 
conductor power cord can occur \vlien the 
ins t run~ents  a r e  tilted or  liitcd from the 
f r o n t  with the po~ver  cord connected. 

T h i s  breakage c:m be prevented by re- 
cessing tlie po\ver connector a s  slio~vn in 
F i g u r e  3. 

P a r t s  needed : 

Q t r  I tem Tektronix 
P a r t  No. 

1 alu~ninutii spacer 361-012 

2 l g " ,  6-32 screw 211-545 

2 6-32 Keps nut 210-457 

(2) 6-32 ALUMINUM SPACER 
KEPS NUTS 

1 
SUB PANEL 41 

I/ i 

Fig. 3 .  Pictured instructions for recessing the 3-wire connector on instruments using a detachable, 
3-conductor power cord. 

T Y P E  527 4 S D  T Y P E  R X 2 7  \ \ .X\TFORI\ I  1 I O S I T O R - V O L T - I G E  

S T R E S S  O S  6E\\i6 T U B E S  LIURIKG T U R K - O N  

\4'1ien the Type 527 or  Type Rh4527 
1Vavciorm Monitor is first turned on, 1 7 3 1 1  

a n d  1'5% (6E\\.6 t u l m  in the txvo-stage, 
push-pull input amplifier) a re  subjected to 
quite  a voltage stress. This  stress can c:iuse 
escess iw c;~tliotle tlcterioration \vliicli, in 
t u r n ,  Ivill cause the tube to become gassy. 
U n d e r  tliis condition the input amplifier 
will not perform properly and the 6E\\ '6 
t u l m  in tlie input an?plifier a re  doonled 
t o  early failure. 

A siinple modification to overcome tliis 
prohlem consists of replacing the 0.01 @f/  
47 1i  R C  net\vorli in the grid circuit o i  both 
V W  and 1'5.13 \vitli a 153605 diode (Teli- 
t r o n i s  P a r t  Sumbcr  152-141)-See Figure 
4. Ai te r  the modification, R4-40, the 47 ohm 
parasitic resistor will connect directly from 
t h e  re:ir \\.afer of the R E S P O S S E  switcli 
to  pin 1 of 1:W and tlie new diode will 
connect between pin 1 and 2 of V W ,  Be 
sure  the cntliotle of the diode connects to 
pin 2. Repeat these clianges in tlie grid 
circuit of V 5 l l  and the tiiodification is 
complete. 

Gassy 6E\\.6 t u l m  in the 1-W and 1'54-4 
positions c:iusc Iiooli and tilt in tlie dis- 
played \vnvcform. This mnlfunction is most 
:ipp:ircnt \vlien vic\vi~ig the vertical blanl<ing 
pulse portion of the trnnsmitled composite- 
video signal. T o  determine nhether the 
fault  is in tire tr:insniitted signal o r  in the 
\Vaveform l lonitor ,  positioii the vertical- 
blanking-pulse \vaveforni near either tlie 
top or  bottom of the crt. This  iticreascs 
the current througli either 17111 o r  1754-4, 
:inti i i  thcy :ire gassy the hooli and tilt 
\\-ill be much mol-e pronouncetl. 

I i  there is no appreciable change in hook Type RM527: 
or  tilt, V111 and V54-4 a re  prolx~hly all 
right and the difficulty is most likely in the 730 tlirougli 732 
tr;~nsmittetl signal. 889 

Type 577's wit11 serial nunibers above 
ill ;mtl Type RM527's with se r id  numbers 

908 

:111ove 1189 li:~ve this modification installed 980 

:it the factory. Also, the follo\\;ing serially 997 
numbered instruments were niodiiied out lOz0 
of sequence : 

1035 
Type 2 7 :  
615 724 tlirougli 726 

1036 

616 739 1038 
674 1042 

1066 

1071 t l~rougli  1074 

1097 

11 16 

1121 

1122 

1138 through 1141 

1143 through 1145 

1147 tlirougli 1159 

1162 tlirough 1188 

Figure 4 .  "Before" and "After" schematic for replacing the 0 .01  p f / 4 7  k RC network, in the grid 
circuit of both V444 and V544, with I N 3 6 0 5  diodes. 



USED lNSTRUMENTS FOR SALE 

1 Type 513D Oscilloscope, s/n 1672 with 
new CI-t. l i ay  Case, 8146 LIatilija, Panorxma 
City, Californi:t, phone 780-0322. Price : 
$350. 

1 Type 317 Oscilloscopc, s/n 346. In-  
strumcnt like iiew. \\'ill sacriiice for  $500. 
M r .  Rising, 53 Hundreds Circle, \\~cllesley 
Hills, Nassachusetts. Telephone : :\re;\ Code 
617, 235-0385. 

1 Type  535 Oscilloscopc, s/ii 6095 with a 
Type  53/54C Plug-In Unit ,  s/n 9668. Pr ice :  
$1200. R. L. Bennett, T o d d - A 0  Corporn- 
tion, 1021 Se\v;trd Street, Holl!~\vootl, Cali- 
fornia. P h o n e :  H O  3-1136. 

1 Type 511-4D Oscilloscope, s/n 4718 with 
P5lO -4ttenuntor Probe. Reccii~ly rep:~ired, 
modified ;lnd recali11r:itetl at Tcktronis  Re- 
pair Center. R. J. Fr:uicc, Control Science 
Corporation, 5150 Duke Street, ."iesandri:l, 
\7irgi~iia. 

1 Type 502 Oscilloscopc, s/n 4211 :inti 2 
Type 122 Preamplifiers, s/n's 5494 antl 5495. 
Instru~nents I ~ a v e  seen little use. C. R .  
Smith, President, Capital Sales Ltd., P. 0 .  
Box 266, Fredericton, S e w  Brunswiclc. 

1 Type 81 Plug-In .Ad:ipter ( f o r  use n-it11 
Type 580 Series Oscilloscopes). New, never 

used Dalmo Victor, Eelmont, C:ilifornia, 
r2ttcntion : I i r .  \\'ells 

1 Type 532 Oscilloscope, s/n 5100; 1 Type 
53G Plug-111 Unit, s/n 100 antl 1 cart. Mr .  
Ricliartlson, N.  J .E.  Corporation, 20 Boright 
.%venue, Iicnil\vortii, Ken7 Jersey. 

1 Typc 67 Plug-111 Unit, s/n 2596. ;\'ever 
used. In  original paclii~ig. Mr.  Leo Iiatz, 
Electronics Laboratory. S o t r e  I h n e  1-10s- 
pita], 1560 Slierbroolic Street East ,  hIon- 
trcnl 24, Quebec, C:lnad;i. Telephone 525- 
6363 --Local 576. 

1 Type 190.4, s/n 6048; :md 1 Type 190I3, 
s/n 69.52 Const:int-Amplitude Sign:il Gen- 
erators. A. S:uuuelson, Electric Service Sys- 
tems, 5555 Old I-Iigh~vay 5, Riiilnc:ipolis 
24, Mi~uiesota. Telephone : 941 -2200. 

1 Type 517, s/n -508, High Speed Oscillo- 
scope. F o r  sale, I e x e  or  rent. Recently 
overhauled by Tektronis ,  Inc. Micli;lel J. 
H:~ltl:ltl, S u r f x c - A i r  Electronics, 138 Kc- 
\~ntl:t Street, E l  Scgu~itlo, C:lliiornia. Telc- 
~ l l~oi ie  SI'2-1469. 

1 Type 82 Plug-In ['nit, s/n 2307. Joel 
Gaclcer, M:ignetic Revxrcll Corporation, 
3160 \\'cst El  Segundo Boule\.;ircl, I-Ian- 
tliorne, California Telephone. O S  5-1171. 

Mr .  John Eowser of the Smith Corona 
Corporation a t  301 5 .  hIicliigan St)-eet, 
Chicago, Illinois, reports (lie thcft of :I T!yc 
310.1 Oscilloscopc, s/n 17926. T h e  instru- 
ment tlis:ippenretl from the car of one of 
their servicenxn \vIiile it was parlml in the 
back of tllcir office building. Mr .  Gonser 
\voultl appreciate hearing from any of our 
readers \\-I10 have :my information on the 
\vhereal~outs of this instrument. 

Another car prowl, this one :ilso in Clii- 
cago, protlucctl a Type 516 M O D  108PJ 
for  tlic ~int l : i ls .  Serial nunilxr of this in- 
strument is 1930 antl it is the property of 
the Gencr:~l Electric Company, 840 S. 
Can:ll Str-ect, Chicago, Illinois. T h e  thcft 
occurred on Tucstl:ty, Novemlxr 26, 1963, 
while the car  \vas parked outside their 
building. Information on the location of 

1 Type  513D Osrilloicope, s/n 691. P r i c e :  
$4.50. Donald Flcischer, 503 Tennis .4venuc, 
.-2ml1ler, Peniisy1vani;l. Tcleplioiic : hi1 6- 
0580. 

1 Type 502 XiOD104 Oscilloscope, s/n 
2840. Dr .  I'cclcll;t~ii, Eye Research Founda- 
tion, 8710 Old Georgeto\vn Roatl, Betliesda, 
M:irylnid Plione : 301-656-1527. 

USED INSTRUMENTS WANTED 

1 Type 310 Oscilloscope. E. C. \\-ebb, 
I-ake\vood XIanui;lcturing, 25100 Detroit, 
\\'estlalie, Ohio. Tele~)lioiie : Area 216- 
TR1-5000. 

1 Typc 321 Oscillosco~x, John Sumner, 
728 N. Sa\vtelle, Tucson, -4rizon:~ 

1 Type 515 or  T l p e  51.5.4 Oscilloscope. 
\\'illiam II:~cougl-itry, Code 536, K A S X ,  
Godtl:lrtl Space Flight Center, Greenbelt, 
II;irylnnd. 

1 Type 524AI3 Oscilloscope. 1-1. Holland, 
1-1. \\'. 13. Electronic Sei-vice, 7217 Gulf 
Boulevard, St. Petersburg Dench, Florida. 

1 T l p c  310, 316 or  515 Oscilloscope. $225 
m:isinium George Reevci, 3273 \\.. Oal, 
Avenue, Fullerton, California 

this instrument shoultl he relayed to Mr.  
0 .  Sic1;crson o i  the Ge11cr:il Electric Com- 
pany a t  the address noted al~ove. 

This  last report of a missing instrument 
concerns one that dis;tppc:1red on Janu;lry 1, 
1963 ant1 Ii:ls just been called to our at-  
tention. 

This  oscilloscope, a Type 310.-1, s/n 
012960, l~elongs to I-Iuycl; Systems located 
on \\.oli Hill Roatl in I-Iuntington, Long 
Island, S e w  Yoi-k. 

Mr .  A1 Richcrt of I-Iuyck Systenis tells 
us  t11:1t the oscilloscope \\.;IS :it T.ocl;l~eed 
in Eurl~:l~il;, Ctliiornia a t  the time of its 
dis:~ppe:~r;c~icc and he asks our renders in 
that :\re;\ to he on the l o o k o ~ ~ t  for  it. 

XIS. Richest is the nmn to contact if you 
h v e  any inforniatioii nbout this oscillo- 
scope. 







\vidtli of the test pulsc is ninde to be one- 
ha l f  of the period of one cycle of the 
u p p e r  ciltofi frequency of tlie T I y  systcni. 
T h u s  t l ~ e  pulse \vitlth \vlien used u.it11 n 

4 megacycle systeiii is 0.125 iiiicrosecontl. 
T h i s  time (0.125 psec) is designated by 
:I capital T .  --I sin' pulse \\-it11 a \vitltli 
of  0.125 psec is 6 db down at  4 megacycles 
a n d  contains practically zero energy at 8 
niegncycles. For  routine tes.ts :i sin' pulse 
~ v i t h  :i width o i  2 T  (0.2.50psec) c;ui Ix 
used. A sin' T pulse is slionn in Figure 3. 

T h e  sin' l n r ,  also called :i \vliite n.ii1- 
( low, is :I coml~iiintion o i  :I squ;i~-e-\v:cve 
:ind a sin' pulse. Tlie risetinie :11it1 fall- 
t inw is the same :is :in i11tegr:itetl sin' 
pulse n.liile the il:it-top is similar to ;i 

scluxre-\vave. l'ulse width o i  the bar sig- 

nal  is 23 ~iiicrosecontls ~vliicli is 0.4 13. ( I i  

i j i ic  pulse of the received sign:il. Tlie 

Figure 4. Sin2 bar, a combination of a sin' pulse and a square wave. 

s i n 2  pu lse  s i n 2  bar 

cation of tlic kind of distortion a system 
protluces. Here  a re  several examples of 
tliese chaiiges. 

1. Low-f requency distortion. This type 
of tlistortio~l has its greatest effect on 
tlie sin2 bar \vhile little change is seen 
in the sin' pulse. Dcpenditig on tlie time- 
constzuit of tlic circuit involved, the bar 
will slio\v : untlerslioot, overshoot, or 
horizontal tilt. For  example, a sliort time- 
constant unciershoot is a leading-edge roll- 
o f f ,  as  sho\vn in Figure 6-a ; wliilc a long 
time-constant overshoot is a negative 
tilt (drop in atnplitude f rom le:iding 
to trailing edge), a s  shown in Figure 
6-b. 

\ I 

I- 
psec 

Figure 5 .  Composite test signal with typical time spacings. 

Tlic type o i  oscilloscope needed to e ~ -  
xiiiinc tlic sine-squ:ire s i y d  tlepentls on 

generator supplies the test sigii:~l c o n t i ~ ~ u -  
o u s l ~ .  :i triggered oscillosco~)e sucl; :is tlie 
Te1;tronis Type 524 nit11 :ltljust:il)le time- 
Inse can be used. I-lo\vevei-. \vilen tile test 

signal is present only on a single line o i  
e:lcl1 fs:iiiie, some tnetliotl o l  selectiiifi :ind 
cs:uiiiniiig rliis line must he used. Tlie 
liiie selector icnture o i  the Tektroniz 
Special--\Iotlel Type 527 o r  Type RX1.527 
:illo\vs the operator to select :ind es:umine 
:illy line \vitl~in the television fl-:me. I ~ I - i e i -  
Iy, the line selector uses tlie ~)rinciple 
of a de1:cyetl trigger. A 11-igger circuit 
pliantastron is started by the vertical 

Figure 6. Sin2 test signal showing: ( a )  short 
time constant undershoot, (b) long 
time constant overshoot. 

2. FI-equency riesponse irl-egul:~rities. 
\\lien the irequency response is not 
il:it :icross the l)a~itl\vidtIi of the system, 
\\.e get dips ;uld l ) i im~~s .  These clips and 
buiiips on tlie test signal a r e  actually 
ringing 111:it is related to  the irequency 

@ 1964 Tektronix, Inc. 
All Riqhts Reserved 



Figure 7. Sinz test signal with dips and bumps Figure 8.  Sin2 pulse showing a leading and a Figure 9. Sin' pulse showing distortion caused 
caused by frequency response irregu- trailing reflection or echo. by high frequency roll off: reduced 
larities. height, increased width, and decay- 

ing ringing. 

hy Ron Bell 
Tektsonis  Field Engineer 

Pliotogr;~phing transient i\ would be rel- 

Figure 1 .  Power-line waveform with simulated 
transients. 

T o  differentiate l)et\l-een t r m 4 e n t  volt- 
ages and the power-line waveform, the  



+ 2 2 5  +225 +I 0 0  

4 .7k  4 7  k 

To trigger mv 
,001 - 6 D J 8  - 

150k 

4 7  

39  k 
L E V E L  

2 2  k 
Switch functions not 
shown for simplicity. 

- 150 - 150 

Figure 2. Modified Trigger-Amplifier Circuit of a Type 530 or Type 540 Series Oscilloscope. 

T h e  niotliiietl-circuit diagram is sIio\vn in 
F i g u r e  2. Notice t h t  tlie only :itltlitionnl 
p r t s  required a1-e t\vo T-12G diotlcs, a 
150 k resistor and :I 47 1i resislor. Notice 
a l so  tIi:tt the 47 pf capacitor normally con- 
nected :icross the plntc-lo:itl resistor of tlie 
left-li:incl triode 11:s been removed :ind that 
tlie gritl o i  the riglit-1i:ind triotle is grountl- 
ed. 

Circuit operatio~i is alniost self-espl:in:~- 
to]-y. The  t\vo T12G diotles are nor~ii:illy 
bacli-l~i:~sctl I>ct\veen the center-tap of tlie 
volt:tge divider and the quiescent triotlc 
plate voltages. The  sisty-cycle polwr-line 
w:lveform (:ind, of course, tlie tr:lnsient) 
is connected to the input connector. 

T h e  time constant of tlic I00 p i  coupling 
cxpncitor :tnd the 100I< input resistor is 
short  enough to effectively I~lock tlie sixty- 
cycle co~iipoinent; \vliile :it the same time, 
al loning fast-c11:mging tr:uisient volt;tges to  
pass through to  the input gritl. The  t\vo 
triodes :\re operating as a pnr:ipliasc in- 
verter. If tlic input trmsieiit is positive- 
going, it \vill cause tlic left-l1:ind plate 
voltage to go tlo~vn. Similarly, if the input 
transient is 11cg:ttive-going, it \\.ill c :me the 
riglit-1i:uitl plate to go down. 

A negative-going voltage on either triode 
plate will c:iuse the associated diode to go 
into contlt~ctiun. \ \ l ~ e n  one of the diodes 
conducts, a neg:itive-going volt:ige :~ppcars 
:it tlie conimon-:mode point. This negative- 
going voltage is coupled to tlie trigger 
multivibrntor \vliicli, in turn, triggers the 
titne-base generator. 

-. I rigger sctisitivity of tlie modified cir- 
cuit is less tlinn normal. Unii~otliiied, the 
triggering ciscuit \\rill respond to 0.1 volts 
o r  Icss. This circuit requires :~pprosimatcly 
1.5 volts. For  simplicity, the riglit-1i:cntl 
triotle gritl is grountletl. I?ec;iuse of i n -  
1):d:ince in the triodes ;mtl tolerance in the 
plate-load resistors, it is titilikely tli:it the 
plate volt:iges n.ill he c c p l .  T o  avoid the 
possilility of no-signal diotle conduction, 
tlic diode :inode \.olt:~ges :ire I o n w  t1i;in 
~ ~ c c c s s : ~ r y .  This means the triggering volt- 
age ~ u u s t  overcome this lxicl;-l~ias hefore 
triggering c:tn occur. Tliis should not 11e 
;t Ii;\ntlic:\p, lio\vcver, sitice :imple trigger- 
ing voltages a r e  usually nvailable in polvcr- 
line testing. 

Scar-rios~ii:il serisitivities can he realized 
I)!. repl:iciiig the 1.50 l i  ~sesistor in tlie divider 
\vitli :I 2 2 0 1 ~  resistor. It \\.ill I)e iicccss:iry 
to check the 11l:ite vo1t:iges for iniInl:mce. 
Removing tlie ground {I-om tile I-iglit-1i:uid 
triotle grid \vill per~iiit using tlle TIITG- 
G E I I I S G  I , I ~ \ T L  control to achieve per- 
fect 11:tl;ince. Of course, the opcrntor must 
Ile careful not to tlisturh this control once 
:itljusted. 

T o  :idjust the circuits i o r  correct oper- 
:ition, set t l ~ e  iront-p:mel coiitrols ns lol- 
1on.s : 

T R I G G E R I K G  L E V E L  0 

T R I G G E R I N G  A C  L F  

M O D E  R E J E C T  

T R I G G E R  S L O P E  + Int  

Connect the Calilx:ltor output to the plug- 
in iiiput. Start ing \vitli the Trig.  Level 
Centering Coiitrol tur~iecl lully clocl~wise, 
turn it counter-cloclavise for  a display 

Figure 3. Initial display during adjustment pro- 
cedure. The vertical deflection factor is 1 volt/ 
cm. The sweep rate is 2  psec/cm. 

similar to Figure 3. S e s t ,  rctlucc the ver- 
tical tleilection \vith the \-olts/CZ\.I controls 
until either the upper or  lower trace dis- 
nppc:irs. Turii the Trig.  I m d  Centering 
Control CC\\' to restore the tlispl:iy. Con- 
tinue to reduce the vertical tleflection while 
:itljusting thc Trigger I.cvel Centering Con- 
trol until tlic two 11-:ices a rc  separated by 
1 cni or Icss. 

T o  w r i i y  your adjustments, connect the 
c:dil)r:itor output to tlie External Trigger 
Input coiinector. Set tlic Trigger Slope 
Switcll to + E s t .  You slioultl IIC able to 
oht;iin displays siiiiilar to Figure 3 over a 
raiige of input voltnges i r o ~ i i  2 to 10 volts. 

IMni l s  on ho\v this modiiic:ition tiiigl~t 
he i~istalletl in :in oscilloscope :me k i t  to 
tlie inventiveness of tlic re:itler. Certainly, 
consitler;ition should be given to ho\v fre-  
quently it ~iiiglit be used. In those situations 
\vInerc this tiiotle o i  operation \vould be 
used often, :i permanent s\vitcli function 
\voultl seem most convenient. On tlie other 
li:uid, for  occasion:il "one-shot" applications, 
it might he simpler to "tncli-in" tlie conipo- 
ncnts :is needetl. On tlnose instru~iicnts 1i:iv- 
ing zun operator's manual conip:~rtment in 
the riglit-hand side pniiel, one sliouldn't 
overlook tlie possil)ility of mounting ;i 

cli:mis directly underiienth the con?p:trt- 
went i o r  easy access tlirough the trap- 
door. 



CI<I1.-\MIC STIIII '  B R E X K r \ G E  Mot1ific;itions now in progress will ling ( for  operation in I)otli N O R M  and 
TILACEI) TO E X C E S S  S O L D E R  cli:inge, wherever possil~lc, the neons in in- S I N G L E  S \ \ ' E E P  motles) with :I range 

strumciits m:uiufacturctl hy Tclitl-onis, Inc. oi only :il)oilt 0.5 volt. 
Tlie  ne\ver liigli-density (tiglrtly-notcIie(1) 

cet-:itiiic strips xvill sometinies 1,re:ili if 
t h e  ~iotclies :ii-c over-filled \vitli soltlei-. 
r. I l i e  slirinl;i~ig of the soltler ns it cools 
c;m cause stresses severe enough to cr:icli 
t h e  strip. T h e  shrinking soltler tries to 
pull tlic t\vo ends of tlie strip together. 

One slioultl t:ilce care \vlien soltlcring 
t11esc strips to use just eiiougli soltler to 
cover the \vises. Tlie resulting connection 
\vill be just a s  electrically sound :is \vIicti 
the  notcli is filled. 

T h e  use of Eiithovcn silztrr-heczring sol- 
d e r  (inste:itl of Tlivco), coupled with the 
use of soltler in jutlicious :\mounts retluccs 
the  1i;iznl-tl of 1)re:ili:ige to a minimum. 
Entlio\;en soltler possesses a higher "c reep  
r:iteH, i.e., it rel;~xes more quickly :iftcl- 
liartlening. Both Entlioven ;uid 1-Iivco sol- 
d e r  tend to coltl-flow ;uid relieve the ten- 
sion, tlic Entliovcn immediately, the Divco 
more slo~vly. I<ntlio\;cn soltler is itlentifietl 
11). a shr-sli:~pecl rosin core ;  1I)ivco lins :I 

routid core. 

A recent c11:inge in tlie material used 
in the m:inufncture of our liigli-density 
ceramic strips should further  a1levi:ite tliis 
breakage prol~lem. This new material of-  
fe rs  increased flexural strength, tensile 
strength : i d  cotnpressive strengtli. I t  also 
1i:is n lower t1ierm:~l expansion whicli lielps 
in t1ierm:il ~ I i o ~ l i .  An empiric:~l test which 
\ve tlevelopetl for c1iecl;ing t1ier1ii:d shocli, 
consists of excessive Ionding of silver or 
soltler in the notches. Vntler these test 
contlitions, tlie net\ porcelain ~n:itcri:il tlis- 
p l a ~ s  a pronounced superiority over tlie 
old m;ctcrial. 

From time to time :I problem arises 
\vitliin :m instrument 11cc:iuse a K E - 2  neon 
refuses to i~iimedi:itely ionize upon :ippli- 
c;ition of vo1t;ige. Previously, all tieons ex- 
liil~itetl n toucliiiiess almr~t eiiviron~iiental 
contlitioi~s - sensitivity to te~nper;iturc 
cli;iiil:.es, light, rntli:ition, etc. :I new 1ico11, 
the YE-23, offers  :I good solution to this 
p ro l~ lc~n .  !\ tin?; dot of r:itlioactive mi te -  
riiil, :~tltletl to the glass envelope (luring 

to the ~ie\v SE-23's .  F o r  tlie present, cer- 
tain circuits will continue to use NE-2's 
for a sy)ecified voltage drop. A s  selectetl 
YE-23's I~ecome :iv:iilable for  these circuits 
they \vill rep1:ice tlie S E - 2  Iieons. 

BL.-\LIE-TYPE A L I G K h L E S T  T O O L  
I I I P I I O \ J I < M E S T  

Our  tlianls to Boll Kaglcr, Fieltl Main- 
l;inti, 1's.-IF nit11 the I 'ME Lab. in Iiam- 
stein 2.13, Crcrni:itiy, \vho offers  t l ~ i s  sug- 
gestion : 

"\\'lien using I~lade-type alignment tools 
it is often difficult to position tlie blade 
to fit the slot since 'the 11l:itle c:innot he 
seen from tlie top. To remedy tliis trouble, 
modify the tool :is follows: Scribe :I line 
across tlic top of tlie 1i:indle of the hlade- 
type tool to int1ic:ite tlie position of the 
I11:itlc. T h e  scril~etl line may be filled n.it11 
p : h t  to give better visibility." 

\Ye tried Sgt. Ilolland's suggestion (see 
Figure 1)  :uid lilted the result. 

Figure 1 .  Scribed line on handle indicates posi- 
tion of blade. 

T Y P E  2B67 T I M E - R A S E  UTIT-COM- 
P R O h I I S E  S E T T I N G  O F  S T A B I L I T Y  
C O S T R O L  C R I T I C A L  

\\'it11 tlie M O D E  control of t l ~ e  Type 
2R67 Time Ease Unit  in the S I N G L E  
S \ \ ' E E P  position, current tlra\vn through 
11126 (a  2201i resistor) can cause tlie set- 
ting of the S T A B I L I T Y  control to  become 
quite critical. 

I1126 functions to keep Q121 ( a  2N2013 
tr:msistor) turned off when tlie s~veep  is 
"nrmetl" :ind tlie RE.-\T)Y liglit on (ready 
to lie triggered). I t  may pull the plate of 
1'135.A (% of a 6DJS tube) enough posi- 
tive \vl~ile in this condition to shift the trig- 
gel-able r:cnge of t l ~ e  multivibrator consitler- 
:illly. In  :L typical instrument, tlie S T A C I L -  
I T Y  control may offer a compromise set- 

The  220-1; valiie of R126 was selected to 
pre\.ent Q121 from turning itself on wit11 
collector-11asc leakage ~vl~ ic l i ,  accortling to 
the tn;muf:icturcr's spec sheet, can be 500 
p:i111p at  71°C I-Iowever, experience in the 
f~elt l  \ \ ~ t l i  tliis Instrument intlic:ites a much 
smnllcr typical value of leakage-so much 
so that most of tlie current frotii R126 
simply goes to upset the slveep-gating mul- 

Cliccl; the quiescent ( R E A D Y )  value of 
plate vo1t:lge :it pin 1 of V13jrZ. If p1:ite 
voltage c11:inges I I ~  more tli:~n a l~out  5 volts 
:is tlie M O D E  control is moved from 
S O R M  to S I S G I < E  S \ \ ' E E P ,  t ry c1i:inging 
Ii126 to a \ d u e  between 170 1; and 1 M.  
This will usually help co~isitlerably in ~ i iak-  
ing the compromise setting of the ST.4- 
E I L I T Y  control easier to find :und more 
stable. 

Our  tlianlis to Bob N:igler, Fieltl Main- 
tenance Representative of tlie Toronto Field 
Office of Telitronis C;ui:&, 1.t-(I. for  point- 
ing up this prolilem and offering a solu- 
tion. 

T Y P E  OR1 X S D  T Y P E  6 R l A  DIGITAI,  
I T I T  C A U T I O N  

Ben I;r:inlclin, o r  somebody, once said, 
"A ~vor t l  to tlie \vise is sufficient". Tlie 
~ v o r d  tliis time is : Aluxys  turn off tlie 
power wlien removing or  replacing circuit 
c:wtls in tlie Typc 6 R l  or  Typc  6 R l A  Digi- 
t;i1 Unit of a Type 567 Digital Readout 
Oscilloscope. 

Failure to do so may cause tlestrnction 
of some tr:uisistors and other comnonents 
lmtli in t l ~ c  rcpl:tce~neut and other circuit 
cnrtls of tlie Digital Unit. 

I'lugging ;L circuit c:irtl into tlie Digital 
Unit with tlie po\ver on can c:iuse the 
2B67 Time C : m  Unit in the S I N G L E  
\701t;~ge-c:irryi~ig coiit;icts in tlie connector 
to introduce voltage to tlie l~onrtl 's circuit 
(o r  circuits) :I niomcntary iiist;unt before 
other contacts in the connector mate to 
cst;~hlisli :I return-voltnge path. 

\\.Iieii this occurs, the mo~iientnry delay 
may c :wx :I surge of po\vcr o r  generate 
:I tr:insient that exceeds tlie t1issip:ition cn- 
pal>ilities of certain transistors o r  other 
components in the Digital Unit 's plug-in 
circuit cards. 



T Y P E  580 S E R I E S  OSCILLOSCOPES-  
DIRECT COSXECTIOK TO C r i T  \XI<- 
TI CXL I'LATES 

Sever:il circuit ch:inges plus. the conslruc- 
t ion  of a balun \vill allow direct connection 
of signals to the vertic:il deflection plates 
o f  the crt in Type  580 Series Oscilloscopes. 
I n p u t  impcdnnce is about 50 ohms (47% 
o h m s  actu:il) and sensitivity is ;il~out .i volts 
p e r  centimeter clepciltling on the crt. Rise- 
t ime  is essentially that of the crt deilec- 

Returning tlie oscilloscope to noi-m:~l op- 
el-ation will require re\viring t l ~ e  ~cr t ic ; i l  
output systeni to tlie original circuit. 

Figure 2 slio\vs tile new vertical oi~tput  

Figure 2. Type 5 8 0  Series Oscilloscope-Vertical-output circuit for direct connection to crt vertical 
plates. 

circuit. Figure 3 shows tlie input connector, 
cables, bnlun :ind 107 ohm resistors. Tlie 
cable from the input comiector, through the 
1):iIun antl to tlie one deflection plate and 
t h e  cable irom the input connector to the 
o ther  deflection p h t e  i r ~ z r s f  hr the strirlr 
Irngtll, trnd 0.7 short  (7s possiblr (ioi- mini- 
mum cal~le loss). 

"Tr:insition tlet:til" of Figure 3. S e s t ,  pl;icc 
tile tr:insition \vithin the 101 icrt-ite corc 
m t l  p:m e:icli end of the cnhle tlirougli the 
core four times :is sIio\vn in Figure 3. 
E i c h  p s s  of the ca l~ le  through the corc 
constitutes :L turn :ind ex11 side of the 
trmsition is considered I/? :I t u r n  

P a r t s  required : 

T o  construct the balun, first construct Tektroniz 
the  tr;insition 1)). severing one of the pieces ~ t ! . ,  I ten1 P a r t  KO. 
o f  93 12 c:il~le at  mid-point antl reconncct- 
ing  the severed pieces as shown in the 1 50012 pot. 31 1-056 

ARE EQUAL 
LENGTH 

T R A N S I T I D N  DETAIL 
-F 

MRKE 4 TURNS ON 101  CORE, TNGM 
MRYE IN\IMER/OU~FZ TWIJSITIOM, 
FOLLOWED 8'4 4 TURNS MORE.. 
EACU PASS OF T H E  CABLE THR6UGFI 
THE CORE C W S T I T U r r S  A TURN 
AND EACH SIDE OF THE TRANSITIOIJ 
IS CCNSIMWED l/2 OF A TURN. 
CABLE TH40W.W CORE A M 0  CABLE I 
DrRECT T O  C~NNECTOR M U S T  1 
TME SAME LENGTH, C ANb A S  A 
S H W T  AS PoSSIBW 7012. MINI- 
MUM CABLE L05S.) 

0.0022 h id  Z,Iic:l c a p  

57451, 1%, % \ v ,  PI-cc. rcs. 

36.5 (1, 1%, % \v, I'rec. rcs. 

0.1 h i ,  Ccs. C:q. 

0.2 p f  iixed coil 

100 I<, g \v, colll]). I-es. 

470 11, 2 \v, conip. res. 

7.50 $ 2 ,  5 \v, I\'\\-, res. 

0.02 h i ,  Ces. c:i11. 

G r i  co~liiector 

FCI-rite core, 101 

107 12, comp. res. 

pc's. 93 $1 cal~le o i  ec1u;il 
Ie11gth 

283-530 

323-132 

321-1.51 

283-008 

108-008 

316-104 

30.5-471 

308-067 

283-004 

110l1e 

276-.519 

none 

The  500 11 pot installed in this motlific:i- 
tion t:kcs the pl:lce of 111293 in tlie norinnl 
circuitry. Consult tlic ".Adjust \'ertic:ll 
System I-Iigli-Frequenq Conipensntions" 
section oi your Type 580 Series instruction 
tnanual i o r  instructions on the function of 
this pot. 

FERQtTC CDR€ I01 (276-519) 

Figure 3. Connector detail for direct connection to crt vertical plates - Type 5 8 0  Series Oscilloscope. 
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Roulette patterns, because they refain their shape under condit iom of slight 
oscillator fl-eqztefzcy dr i f t ,  o f f e r  a comiderable advantage over the use of 
Lissajous figures i n  making frequetzcy conzparisons. 

High-ratio frequency comparisons by use 
of Lissajous figures are often difficult to 
observe. Any sliglit oscillator frequency drift 
causes the Lissajous figure to change shape. 
The dizplay appcars to rotate in a plane per- 
pendicular to tlie face of the cathode-ray 
tube Since the front and back nortions of 
the figure are not separated, interpretation 
of the pattern becomes increasingly difficult 
as the frequency ratio increases. 

Roulettes are much easier to interpret than 
are Lissajous figures because slight os- 
cillator frequency drifts cause a pattern 
rotation in the plane of tlie crt screen with- 
out a change in pattern shape. Roulettes 
are readily displayed with oscilloscopes hav- 
ing differential inputs on both the horizontal 
and vertical amplifiers. 

Several Tektronix Oscilloscopes and Oscil- 
loscope/Plug-In combinations lend tliem- 
selves to tliis application. The reference 
chart which appears elsewhere in tliis article 
lists these oscilloscopes and oscilloscope/plug- 
in comhinations. I t  also gives their sensi- 
tivity and b:u~dpnss capabilities. 

The waveforms illustrating Illis article 
were piiotograplietl using a Type 564 Storage 
Oscilloscope with two Type 3A3 Dual-Trace, 
Differential Plug-In Units-one in the verti- 
cal and one in the horizontal plug-in con-  
partmcnts. The storage feature of the Type 
561 Oscilloscope tnalces this instrument the 
ideal clioice for this application. As men- 
tioned before, a slight drift  in oscillator 

Type 564 Storage Oscilloscope with two Type 3A3 Dual-Trace Differential Plug-In Units, one  in the 
vertical and o n e  in the horizontal amplifier compartments. 

frequency will cause a rotation of the dis- reference chart, the best way to "stop" the 
played roulette pattern. The rotation will roulette-pattern rotation on these instruments 
be in the plane of the crt. The  operator, is to use an oscilloscope camera and photo- 
by employing the Storage mode of Display, graph tlie display. 
can "stop" this rotation for ease in counting 
the points of the roulette pattern. This "Stopping" the roulette pattern's rotation 

,vllic~l be later, is a is "Ot> a part the 

necessary part of the application procedure application. One can usually control tlie 
drift in oscillator frequency to a point where 

As for tlie other oscilloscope and oscillo- tlie roulette pattern remains stable enough 
scope/plug-in conibi~iations listed on the for an  accurate point count. 



How to set up roulette patterns 

Fig. 1 .  Circuitry For Displaying Roulette Patterns. 

Fig .  1 slio\vs tlie circuit used in dispI;\ying 
I-oulcttc patterns. Tr:cnsio~-111ci-s 'r, :ind 1': 
provitlc iso1:ltion so tli;ct I)otll o i  the sig1i:~l 
sources c:m l ~ e  oper:ltetl tvitll :I coninion 
grountl connection. 111 11i:ciiy :\pplic:\tir~~is 
ei ther  one or  1 ~ 1 t h  o i  tile t1-;msiormcrs can 
Ile omitted, provided 11um prohlcins :we ~ i o t  
encountered. If isolat ion tr:c~isiortim-s are 
n o t  used, the sign:\I soul-ces sho~iltl he oyx-- 
:ttetl \vitliont :I comiiion groutid connection. 
F o r  convenieiice, \vc will discuss the tlispI:~y 
of  roulette patterns nt audio frequciicies. 
Yo11 c:un m e  :uiy sig~ial  source witlliii the 
frei lue~icy r:liigc of your oscilloscope, Iio\v- 
ever,  stable radio-frequency displays a re  
usunlly limited to cryst:ll-conh.olletl frequen- 
c y  soul-ces. T h e  circi~it adjustment procedure 
is  a s  io l lo~vs :  

1. Turn  on tlie equipment and alloxv a few 
minutes for  \\ ;lrni-up 

2. I:sing approprkltc settings, :idjust tlie 
plu%--in tinits' I * / C l I  contl-01s to provide 
eqml seiisitivities for  1~0th the I 'ERTT- 
C:\I, ;md I-IORIZOST.41d clinnnels. 
Slioultl later rcadjust~ixnt  Ix necessary, 
keep the sensitivities equal. 

3 Set tlie output :lmplitude of Imtli fre- 
quency vxirccs to rero 

4. Advance tlie amplitutlc control on the 
liiglier-irec111c1icy generator until an 
c1liptic:ll trace :cppcnrs on the crt screen. 
;\tljust It2 :liid C2 until tlie ellipse he- 
comes :\ circu1:cr shape. Return tllc 
output :cmplit~itle o i  tlie higher-ire- 
qucncy gciici-:ltor to zero. 

5. : \ d ~ ~ n c e  the aliiplitutlc control on the 
lo~vcr-irequency gencmtor until :cn el- 
liptic:ll tr:~cc :ippe:trs on the crt screen. 
.-\tljmt I t ,  and C, until tlle ellipse be- 
conies n circulnr sliape. 

7 .  lypicnl Ixctterns for  a l j : 2  frequency 
ratio arc slio\vn in Fig. 2. The  p:cttc~-ns 
tliiicr only in that tlie output :~mplitutle of 
tlle Iliglier-irequency generator is greatel- 
in Fig. 21,. 

T o  detcrinine the fl-cqucncy ratio, count 
the tot:d nu~iiher  of points on the cil-cum- 
icreiice of the 11;lttel-n (17 points in Fig. 21) .  
Call this n ~ ~ r n l x r  S,. S e s t ,  determiiie the 

~ i ~ i ~ i i l ~ e r  o i  points p:metl over in t racmg 
iroiii one point to :c~iotl~er  long the figure. 
For  inst:i~ice, i l l  t n c i n g  i r o ~ i i  point 1 to 
point 3 in Fig. 23, oiily one point (point 2 )  
is cro.~sctl. :\dd one to this nmiljer :liitl call 
it X2. Tlic r:itio ~i the t\vo frequciicics is 
given 11y : 

\\'lien no poiiits arc crossctl in 111oving 
i r o n  one point to :u~otIier :\long the trace, 
the n t i o  o i  irec~uencics is :I n l ~ o l e  numl>er 
(an  intcgei-), :lilt1 the ratio is simply one less 
than the tot:cl iiuiiilm o i  points on the pat- 
tern circumierence. Fig. 3 slio\vs a 21 point 
pattern indicating a 20 : 1 f requcncy ratio. 

Fig. 3. Roulette pattern for a frequency ratio 
of 20:l .  

Theory 
r .  I lie o11cr:ttion of tlie circuit o i  Fig. 1 is 

Ixst uiitlerstootl 1 1 1  tlie :q)plicntion of super- 
positioti tlicory. \\.c iil-st tlcter~iiine the crt 
tr:\cc tleilcctioi~s ~)rotl~icctl 11y t l ~ c  signal 
soul-ces oper:lti~lg sep:ir:ttely, then \ve :ltltl the 
result:ciit tlcflcctio~is vcctoi-i:clly. Fig. 41 

6 ,  Itc:\tlv:\~icc the : ~ i n p l i t ~ ~ t l c ~ c o ~ ~ t r o l  on the Fig, 2. Typical roulettes for a frequency 
sliijws tlie circuit o i  Fig. 1 ~-e(Ir:~\v~i and 

higher-ircquc~icy oscillutor to obtain ratio. slightly revised. Here,  \vc 1i:ive replaced the 

@ 1964 Tektronix, Inc. 
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cathode-ray oscilloscope with the crt deflec 
tion plates corresponding to the atnplifier 
input connectors. I n  addition, \ye have re- 
placed the Iiigher-frecpmcy oscillator by its 
internal impedance Z?. The  impedances S c ? ,  
R, and Z? can usually be neglected when 
compared to the oscilloscope input re- 
sistances ( 1 megohm) . Neglecting these im- 
pedances, we get tlie simplified equivalent 
circuit of Fig. Ib. If the magnitude of S c ,  
equ:ils R, a t  the frequency f,, a circular trace 
appears on thc crt screen. If generator f, 
is restored and generator f l  is replaced by its 
internal impedance, the analysis outlined 
above may be repeated. \\'it11 both f ,  and f.. 
in operation, the actual deflection of the 
electron heam is tlie vector sum of the posi- 
tions due to each of the frequency sources 
acting separately. 

Fig. 40. Equivalent circuit of Fig. 1,  with the 
higher-frequency generator replaced by 
its internal impedance. 

Fig. 4b. Further simplification of Fig. 4a. 

T h e  grapliical :itldition of the deflections 
due to cach of the frequency sources acting 
separately is not tlifficiilt. Assume, for  
example, a 3 :2 f requency ratio. Assume, 
also, that the freqrlency sources, \vllen all- 
plied indivitlually, ~ r o t l u c e  circles C and D a s  
slioum in Fig.  5. The  numbers on tlie peri- 
meter of tlie circles represent tlie hypotheti- 
cnl position of the beam on each circle at 
corresponding instants o i  time. 13y taking the 
vector sum of the displaccnmits f rom the 
center, :IS indicated in Fig. 5, the actual posi- 
tion of tlic spot on the screen can bc deter- 
tninctl. T h e  locus of many such tletermina- 
lions is the desired roulette. Fig. 6 slio\vs the 
same pattern tlis1)l;iyetl on the crt  screen. 

Roulettes c:in 1)c analyzed 1)y geo~netrical 
maloyy.  T h e  pattern of Fig. 2a is generated 
by ;I point on  tlic surface of a cylinder roll- 
ing on the insitlc of another cylintler. Cur\-es 
o i  this t l y e  :ire c:~lletl liypocycloids. If you 
interclnngc one pair of I<C clctncnts in the 
circuit o i  Fig.  1, the patterns \\.ill he turned 
inside out. This  is equivalent to having tlie 
generating circle roll on the outside of ail- 

Fig. 5. Graphical construction of a roulette pat- 
tern for a frequency ratio of 3:2. 

Fig. 6. Roulette pattern for a 3:2 frequency 
ratio. 

other cylinder. I11 this case, the point on the 
surf:rce of the rolling cylinder generates a 
speci:~l form of inverted roulette called an 
epic? cloitl. 

Drift Measurements 

\\'lien tlie n t i o  of the oscillator fre-  
quencies is not exactly integral (or  frac- 
tional), the pattern rotates on the c r t  screen. 
The  nu1n1)er of complete pattern rotations 
per second is proportional to the number of 
cycles per second that the lower-frequency 
oscillator differs  from the f requencp that  
gives a n  exact integral ratio. If the oscil- 
lator frequencies a re  initially adjusted for  a 
s tnt iomry pattern, any subsequent rotation 
is a direct measure of the total frequency 
drif t  between the t\vo oscillators. This  
method of tneasuring drif t  is best suited to 
oscillators that have very small d r i f t  rates. 

You will usually find that it is easier to 
count tlie number of points passing a partic- 
ular graticule line per second rather than to  
count the whole number of pattern rotations. 
T h e  drif t  expressed in cycles per second of 
the lo~ver-frequency oscillator is given b y :  

(N, )  (No.  01 points per second 
passing a grat. line) 

Dr i f t  = 
( E l )  

\\;here N,  ;ind N, are as defined pi-eviously. 

T h e  e q u ~ \ d e n t  drif t  of the higher-fre- 
qucncy oscillator can he determined by multi- 
pl? in? tlie equivalent drif t  of tlie lower-f re- 
quenc? osc~llator  by the frequency ratio. 

Reference chart of Tektronix Oscilloscopes and Oscilloscope/Plug-In Unit Combinations having ver- 
tical and horizontal amplifiers with differential inputs. 



L I S S A  J O U S  P H A S E - M E A S U R E M E N T  
G I Z A T I C U L E  

:mtl ?ou're ready to shoot the first 
picture. 

They allow you to slioot pictures faster 
-the exposed film develops tlie picture 
outside tlie camera (hlaclc and white 
in ten seconds, color in 50 seconds). 
You are free to  keep shooting-no 
waiting for  the picture to develop. 
Tliis can be a big help when a rapid 
sequence of pictures is needed 

Unlike the roll-type film, the new 
film pack produces flat prints with 
no bothersome curl to straighten out. 

T h e  8 x 8 cm phase-measurement graticule 
(Telctronis  part number 331-057), original- 
l y  designed for  use wit11 the Type 536 X-Y 
Oscilloscope, will worlc equally well witli 
t h e  T)pe  661 Sampling Oscilloscope and the 
T y p e  501 S - Y  Oscilloscope. Tliis special 
graticule (see Figure 1)  is useful in meas- 
u r i n g  phase differences f rom lissajous dis- 
plays. 

R E P L A C I N G  C A B L E S  C O X T A I N I N G  
C O L O R - C O D E D  \VIRES 

Here 's  a time saver wlien replacing cables 
containing color-coded wires. \\'lien you 
remove the old cable, cut the wires about 
inch from their solder points. If you do 
this  you tllen have tlie color codes to go 
1)y wlien installing the new cable. 

J im Hartley, Field Maintenance Engineer 
with our Orange Field Repair Center, o f -  
fered this suggestion with the cotnment 
t h a t  he finds it saves a lot of time over 
o ther  methods. 

F I L M - P A C K  B A C K  F O R  T E K T R O S I S  
C-AMERAS 

.A ne\v F~lm-I'aclc camera back adapts 
all Telitronix Trxe-Record ing  C a n i e r x  to 
use Polaroid's@ t\vo recently introduced 
p l a s t ~ c  film paclis-3000 speetl/Type 107 
and  Poln Color@/Type 108. 

These 11cn plastic film packs of fe r  sev- 
eral  advantages over the older roll-type 
film 

1. They load easier and f:~ste~--ju\t slide 
the plastic j d i  in place, pull a tab 

Tlie new Film-Pack camera back inter- 
changes witli eitlier tlie Roll-Film back o r  
the Grailok bacli. N o  tools required. Order 
through your local Telctronix Field Off  ice, 
Field Engineer or  Representative. Specify 
Telitronix part number 122-671 

T Y P E  3B1 T I M E  B A S E  UNIT-DE-  
L X Y E D  S\ \  E E P  T R I G G E R S  B E F O R E  
E S D  O F  D E L A Y  

A large external trigger can sometimes 
override the loclcout circuit antl trigger 
a delayed sweep before expiration of the 
tlclay period when the controls of tlie Type 
3B1 are  set as  follows: M O D E  to DLY'D,  
T R I G .  ; S O U R C E  ( D E L A Y E D  S\ \ 'EEP 
T R I G G E R I N G )  to E S T .  

I t  usually taltes a trigger signal of about 
20 \ ~ l t s  in tlie non-attenuated external trig- 
ger (51.5 volts) range to cause this to 
Iinppen. 

An  easy cure is to replace R202, a 680 a, 
><\v,  5% resistor \\it11 a 1 lc, ~ v ,  5% 
resistor (Telctronix part number 315-102). 

This information applies to Type 3Bl ' s  
\vith serial numbers brlonc~ 2777. Instru- 
ments above this number have the change 
implcmcnted at  the factory. 

T Y P E  525 T E L E V I S I O S  \\ A V E F O R M  
1IOSITOII .  A S D  T Y P E  526 C O L O R -  
T E I a I ? \ ~ I S I O S  \7ECTOIISCOI'E - 6DR6 
V A C L I J M  T U B E S  ICEPLACED B Y  
611Z6 T U B E S  

hlanufacturers of the 6DB6 XTacuum tube 
liave d~scontinucd ~ t s  manufacture T h e  
ODE6 \vns used in the V310 locat~on of 
tllc T j p e  525 antl the V14, 1124, 1'304, 
Xr314, and V354 locations of the Tj pe 526 
A s  a replacement \ \ e  recomtnend tlic 6 H Z 6  

tube. I t  has cliaracteristics similar to the 
discontinued 6DB6 and may be used as 
;t direct rep1;lcemcnt in tlie locatious men- 
tioned ahove. No modification required. 

T Y P E  517A, T Y P E  517, A N D  T Y P E  
555 O S C I L L O S C O P E S  - A D J U S T I N G  
T H E  6.3 1 7 0 L T  R E G U L A T E D  H E A T E R  
S U P P L Y  

Setting the Reg. H t r .  Aclj. control of 
these instruments requires the use of an 
ac voltmeter having an iron-vane o r  dyna- 
mometer-type movement and a range of 
zero to  10 volts rn?s. A meter employing 
a d'Arsonva1-Type movement-a vtvni, for  
instance-~vill not give the required accu- 
racy for  this measuren~ent. In  measuring 
ac voltage the accuracy of a meter witli a 
d'.Arson\;ll-type moimnent is predicated on 
tlie ac voltage waveform being a pure sine 
\\.:\\re. 

The  Type 517, Type 517A and Type 555 
Oscilloscopes incorporate a saturable re- 
actor in their regulated-heater circuits. T h e  
nc-voltage \vavcform in passing througli this 
s;\tural)le reactor undergoes alteration to 
the extent that it is no longer a pure sine 
\vave. Tliercfore, the actual value of the 
regulated heater supply in these instru- 
ments, if set to 6.3 volts with a voltmeter 
of the d'Arsonval-move~iie~it type, will be 
7.3 volts-1 volt too high. 

This  excess of 1 volt of filanient power 
will considerably sliorten the life espect- 
ancy of tubes and seriously degrade the in- 
struments' reliability. 

T E K T R O N I S  C I R C U I T  C O M P U T E R  

Tlie Telctronix Circuit Computer, a cir- 
culnr slide-rule tlevicc, computes directly 
problems involving resistance, inductance, 
capacitance, frequency and time. I t s  pri- 
mary design objective is to provide ;I means 
of quick computation of time values f rom 
other circuit dimensions. 

\\.it11 slide-rule ease the engineer or  tecli- 
nici;ui can compute : 

1. Capacitive Reactance 

2. Inductive II.e:~ctance 

3. Resonance 

4. R C  Time Constant antl Resistance 

5. L/R Time Constant and Reactance 



6. Filter Cut-off Frequency Field Office. T h e  Tektronis  P a r t  h'urnber Polaroid* prints. Using the iron lilte a 
for  the computer is 003-023. pencil, you just write on tlic black portion 

7. Iiisetime of  the mint .  T h e  inforniation stands out 

The computer consists of three circular 
deck-containitig seven accurate scales- 
and a hairline indicator. Each scale is 
clearly identified and the scale gratluations 
-jet black on pure u.hite-stand out in vivid 
contrast antl help to provide easily-read 
answers. 

The computer is constructed of l:lniinatetl 
plastic-light weight but durable. My1:ir 
laminations over the t h e e  decks protect tlie 
printed information from wear and assure 
its remaining clearly legible under even 
the most strenuous use. 

Ovesall diameter of tlie computer is 7%". 

I D E N T I F Y I N G  P O L A R O I D  P R I N T S  
in brilliant xvliite (see Figure 1) .  

Following Mr.  Steele's lead we esperi- 
mented a bit further  and learned that the 
pencil-type soldering irons in the 15 watt  
class work equally ~ve l l  and are a bit easier 
to write with. 

Service Scope issues # 17, December, 
1962; and #13, June, 1962, contain addi- 
tional suggestions for  identifying infornia- 
tion on Polaroid prints. 

*Polaroid is a registered trademark of the 
Polaroid Corporation. 

N U V I S T O R  P U L L E R  

r\n 8%'' 11y 11" booklet n.hic1i accom- ~ i ~ , , ~ ~  1. information noted on polOroid print H e r e  is a simple-to-male tool that facili- 
panics the computer presents, in clearly- with o hot soldering iron. tates the removal of Nuvistors from their 
written ;end easily-~~ntlerstood steps, instruc- sockets. Take  a large alligator-clip cover 
tions for  its use. The  l~ooldet also contains and cut it off about an inch from the small 
;i short discussion of Risetime antl Time Ken Steele of tlie Har tman Electric Com- end. Discard the large end and "presto" 
Constant. pany in Mansfield, Ohio volunteers the in- you have a Nuvistor puller. 

formation that a hot, 25 watt soldering iron 
These computers :we av:~ilal~le tl~rougli employing a %" round tip supplies a con- Pliers, of course, s11ould never be used 

your Tcktronix F~el t l  Engineer or  local venient way of writing information on to remove Suvistors  f rom sockets. 

T Y P E  511 A N D  T Y P E  545 O S C I L L O -  t ~ o l s  01 the Rcniote-Sou~ce E1~3se controls T Y P E  567 A S D  T Y P E  RM567 D I G I T -  
S C O P E S  - V E R T I C A L  A M P L I F I E R  these m u l t ~ s  elase t l i e~r  reipect~ve d~splay r \ L - I i E r l D O U T  O S C I L L O S C O P E S  - 
T U B E S  areas T h e  Remote-Source Erase control I'O\i E R  S U P P L Y  I M P R O V E M E K T S  

This modification replaces tlie cliecl~cd 
6CB6 tubes in the tlistril~uted amplifier 
stage with Type 8136 tubes. The  8136 
tubes deliver greater I-eliability, give Iliglier 
gain ant1 experience only negligible catllotle 
interface ovcr a long period of time. 

The modification also changes : Rll42 ,  
screen resistor in the vertical :unplifier 
circuit, to 820 I2 ( 2  w, 10%) to provitlc 
a more suit:ible Ijias for tlie 8136 tubes; 
antl R1021 and R1024, plate resistors in 
the input amplifier, to 500 R (!A w, 1%) 
to compensate for  the increased gain de-  
livered hy tlie 8136 tubes. 

This tnotlific:~tion applies to Type j411s, 
seri:il numl~crs  101 through 6471; and Type 
515's, serial numbers 101 tlirougll 9291. 

Ortler througli your local Tektronis  Fieltl 
Represent;itive or  Fieltl Office. Specify 
Tcktronis  part numljer 010-360. 

T Y P E  561 S T O R A G E  O S C I L L O S C O P E S  
-1IELIOTE ER.-\SE F E A T U R E  

This niod~iicat ion provides an cstern:il 
Remote-Emse feature for  the T ~ p e  561 
Stor:ige Oscilloicope. 

I t  installs a circuit assembly which con- 
tains t\vo moiiost:il~le mu1tivih1-ntors - one 
ior  the Upper tlisp1;iy area antl one for 
the L o n e r  tlispl:iy area. \\'lien activated 
{I-om either tlie front  panel Erase con- 

can be any switcli contact tliat can short 
:L \vise from tlie Type 564 to ground or  
:my equipment that can provide a negativc- 
going -3-to-10 volt pulse for  the rnulti of 
endl display area. 

T h e  external connections a r e  brought out 
to a four-cont:ict connector on the rear of 
tlie Type 561 :ind :i mating connector is 
includetl to permit attachment of the Re- 
mote-Erase control. 

Tliis modification applies to Type 561 
Storage Oscilloscopes, :ill seri:il nunilxrs. 
Ort le~- tlirougl~ your local Tektronis  Field 
Engineer or  Field Off ice. Specify Tek-  
t ron is  part number 040-3513, 

T Y P E  502A D1!.412-BEiZM O S C I L L O -  
S C O P E - V E R T I C A L  S I G X A L  O U T  

Tliis modification provides a rear-panel, 
direct-coupled Vertical Signal Out from 
each of tlie Type 502.4's t\vo vertical :mi- 
plifiers. Output level is a p p r o s i ~ i i a t e l ~  2 
volts pcr centimeter of cr t  deflection, with 
:In output inipedance of approsimately 200 
oI1111s. 

T h e  motliiic:ition replaces the 6.4U6 
Trigger-l'iclmf f tube (17493) :uid seven- 
pin soclxt \\.it11 a 6 D j 8  tulle  id n nine-pi11 
socket. This  new tulx conil~ines a Trigger- 
Pickoff catliode follo~ver (CF) 2nd a Ver- 
tical Output C F  in n single tulle. 

Order tlirough your local Tektronix Field 
Engineer or  Fieltl Office. Specify .Tclc- 
t ron is  part  number 010-335. 

'his modific:ltion incorporates several re- 
finements in tlie power supplies of the 
Type 567 ant1 Type RM567 Digital-Read- 
out Oscilloscopes. 

1. I t  replaces the 1 w, IOQ fuse resistors 
Ii600, R660 antl R661 with 2 \\I, 10 R fuse 
resistors antl parallels the 1 w, 10 R fuse 
resistor 11680 \\-it11 an additional 1 w, 10 0 
fuse resistor (R681).  This increase in 
uxttage rating assures a longer resistor 
life. 

2 I t  adds a potentiometer and a suitable 
divider ne tuork  to  the -12.2 volt supply 
Tliis provides a means for  accurately ad- 
justing the voltage of this supply. 

3. I t  adds a 100 pf capacitor (C633) 
froni tlie base of tlie transistor Q634 to 
ground to reduce ripple in the -12.2 supply. 

4. Tt adds potentiometers and suitable 
divider networks to the f l25-volt  and 
1300-vol t  supplies to provide a means for  
more nccuratcly atljusting tliesc supplies. 

This  ~notlificntion applies to Type 567's 
\\.it11 scri:il numhers 101 tlirougll 407 and 
Tl-pc RM567's \vith serial numbers 101 
tlirougli I49 \vith the iollo\ving exceptions: 

l'l.pe 567, serial numbers : 





TYPE 546 TYPE 544 

BRIGHT 6 x 1 0-CM DISPLAYS COMPLETELY NEW VERTICAL AMPLIFIER 

ILLUMINATED NO-PARALLAX GRATICULE FULL-PASSBAND TRIGGERING 

SMALL SPOT SIZE, UNIFORM FOCUS WIDE SELECTION OF VERTICAL PLUG-INS 

MAJOR CHARACTERISTICS 

OSCILLOSCOPE 

Type 5438 

Type 545B 

Type 544 

Type 546 

SWEEP DELAY 

None 

1 !,set to 10 

None 

- 0.1 ~ ~ s e c  to 50  sec. 

SWEEP MAGNIFIER 

2, 5, 10, 20, 50, lOOX 

5 X 

2, 5, 10, 20, 50, lOOX 

- 2, 5, 1OX 

Type 547 

L 

PASSBAND @ 

DC to 33 MC 

DC to 50 MC 

Same characteristics as Type 546 plus Automatic Display Switching. 

SWEEP RANGE 

0.1 I~sec/cm to 5 sec/ 
cm in 24 calibrated 
steps, variable uncali- 
brated from 0.1 Itsec 
to z~ 12 sec/cm. 

@ Passband with Type 1 A l  or 1A2 Dual-Trace Plug-In Units a t  50  mv/cm sensitivity. Passband of the Type 
1 A l  at 5 mv/cm sensitivity i s  dc to 28 Mc with Type 547, 546, or 544, dc to 23 Mc with Type 543B and 
545B. 
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Because both its illput-grid capac i fame  and i t s  ozitpz~t-iijtpeda~zce are small, the  
cathode-follower circuit Iefzds itself' f o  iilarly uses  i n  electro~zics T h i s  article dis- 
cz~sses  these and o t l z e ~  use fu l  characteristics of cathode-follower circzds.  

Par t  I 

The cathode follower is a circuit related 
to the familiar plate-loaded amplifier. In 
the plate-loaded amplifier the load resistance 
RL is connected in the plate lead to the tube. 
But in tlie catliode follower, shown in Fig. 
1, the load resistance Ri is connected in the 
catliode lead t o  the tube. Useful cliaracter- 
istics of the catl~ode follower include these: 

1. The grid-input capacitance is small 

2. And the internal output impedance is 
small. 

Fig. 2 - Here a signal source has an internal 

impedance Ro. The source drives a circuit whose 

input capacitance is Cin. If the time constant 

R,Ci, of this arrangement is small, then the 

risetime of the combination is short. One 

way to keep the time constant small is to 

make Ci, very small. Then the risetime is 

short even if R, is relatively large. 

Fig. 1 - Basic cathode-follower circuit. Here 

the load resistor Rk is connected in the cathode 

circuit, rather than in the plate circuit as in 

the plate-loaded amplifier. 

In t h ~ s  article we sliall take up these and 
other cathode-follo~rer cliaracteristics in 
more detail. But first, let's consider some 
cases where we can take advantage of the 
t no  cl~aracteristics we have nlentioned 
above. 

N e e d  for n dez~ icc  hn-ding n .mnl l  i n p z ~ t  
rapaci tawe.  Suppose we apply an input sig- 

nal to a device whose input capacitance is 
Ci,, And suppose that the source of the sig- 
nal voltage lias an internal output impedance 
(resistmce) R, (see Fig 2) .  For sitnplicity, 
assume that C,,, and R, are  the only im- 
pedances prcsent in the source or In the cir- 
cuit connected to the source Then the time 
constant of the source-and-input circuit will 
be R,Ci,,. 

If we can keep tlie input capacitance C,,, 
very small, then the time constant ROC,,, will 
be small -even tliough R, might be quite 
large. And consequently the risetime of the 
ROC,, circuit will be short. 

Fig. 3 - Here a second signal source whose 

internal impedance is R', drives a circuit whose 

input copacitance is C'i,. One way to keep 

the time constant R',Cfi, short is to make 

R', very small. Then the risetime is short 

even if C'i, is relatively large. 

The input cxpacitance C,, of a cathode 
follower is stuall, for reasons that will be 
explained later. Consequently the cathode 
follower has the advantage that we can con- 
nect tlie catliode-follower input circuit to a 
signal source without greatly lengtl~ening the 
risetime of the source itself. 

N e e d  fo r  a device  Iznvittg n sinall igzternal 
0 ~ 6 t p r ~ f  i inpednnce. Suppose a signal source 
has an output impedance (resistance) R', 
that is very small. In~agiiie that we use 
this signal source to  apply a signal voltage 
to anotl~er device wliose input capacitance 
is C'i, (See Fig-. 3). For simplicity, as- 
sume that C'i,, and R', are the only im- 
pedance present in the source or in the cir- 
cuit connected to the source. Then the time 
constmt of the source-and-input circuit will 
be R1,C'i,. 
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Fig. 4 - Here we want to apply a signal from the plate circuit of VI (representing a relatively 

l a rge  impedance R,) to the grid circuit of VJ (representing a relatively large capacitance C1in). 
I f  w e  couple the plate of V I  directly to the grid of V3, the corresponding coupling-circuit time con- 

stant is a large value R,Cfi,. But i f  we insert the cathode follower V2 as shown, we now hove two 

coupling-circuit time constants in cascade. The first time constant i s  ROC,,, where Ci, is the very 

small  input capacitance to the cathode-follower; thus, as indicated in Fig. 2, this first time con- 

stant is relatively small. The second time constant is R1,C'in, where R', is the very small output 

impedance of the cathode follower; thus, as indicated in Fig. 3, this second time constant is rela- 

t ively small. By inserting the cathode follower we thus break up a large time constant R,C'i, into 

two much smaller time constants ROC,, and R',C1i,. I n  this way we use the cathode follower to im- 

prove the coupling-circuit risetime. 

I f  we can keep the source impedance R', 
very  small, then the time constant R',C1,,, 
will he small-even tl~ougli C',,, might be 
quite  large. And consequently tlie risetime 
of tlie R1,C',,, circuit will be short. 

T h e  internal output impedance of a cath- 
ode  follower is sriiall, for  reasons that will 
be exp1:iined later. Consequently the catliode 
follower has the atlvant:ige tliat we can use 
tlie c:itliode follo\z.er to drive a device that  
has  nppreciablc input capacitance while still 
achieving a short risetime. As  an es;unple, 
we  might use a catliode f o l l o w r  to t l r iw a 
coaxi:il transmission line - wliere the ca- 
pacitive effect of the line is :ippreciahle - 
and  still preserve a short-risetime cliaracter- 
istic. 

Figure I s1101z.s an application that utilizes 
the  advnnt:iges of botli the small input capac- 
itance and the small output impctlance of the 
c;~tliodc follower. \\'e desire to couple a rap- 
idly c11:lnging signal from the plate of Vi to 
the grid of V:$. I n  Fig. 4, we apply tlie out- 
put signal f rom the plate of V i  to the grid 
of the cathode follo~ver V?. Tlie internal 
source impetlance of tlie amplifier stage that 
includes Vi is ordinnrily rather large. But 
the  input capacitance of tlie cat l~ode follo\ver 
V? is small, so that we end up Ivith only a 
short  risctime Tit, :~ssoci:it~d with the circuit 
tli:at couples lllc plate of V, to tlie grid of 
17,. No\v, tlie input c:ip;icitancc of tlie ampli- 
fier stage that includcs V:r is ordi~i;ii-ily 
I-:itlies 1;qge. Elit we drive the grid of V:, 
f I-om tlic lo\\-irnlm1:uicc output circuit o i  the 
c:itliude ~~~~~~~~ci- IT2. Thus  we  end up ~ v i t h  

only a s l ~ o r t  risetime TR? associated with the 
circuit that couples the output of VJ to the 
grid of V1. Tlie effective risetime of the 
c:itliotlc-follower coupling system between VI  
and V3 will, by the equation TR - (Tn12 
+ TR;) X ,  be shorter than the sum of the 
two individual risetimes Tnl and Tnz. 

W e  see, then, tliat we can often shorten 
tlie risetime of an interstage-coupling system 
hp inserting a c:ttliode follower bet~veen one 
stage and the next. 

Polarity of outpzrf sig11tl1 fro111 n ~ ( ~ t l l o d r  
f o l l o ? ~ w  Let us now consider some factors 
that tell us how a catliode follo\\er actually 
operates. 

Fig. 5 - Illustrating that the polarity of the 

cathode-follower output-signal voltage is the 

same as that of the input-signal voltage - in 

contrast to the polarity revers01 that occurs in 

the plate-loaded amplifier. 

If xve apply to  the catllode-iollowei- cir- 

cuit of Fig.  5 a grid-input signal that makes 
tlie grid more positive, the cathode-to-plate 
electron flow will increase. Therefore the 
voltage drop across the cathode resistor Rk 
will increase, so that the voltage a t  the cath- 
ode of the tube will be farther removed 
f rom the potential of the grounded negative 
terminal of the power supply. T h a t  is, the 
voltage a t  the cathode output terminal of the 
cathode-follower stage will become more 
positive. Thus,  in contrast to  the action in 
the plate-loatlctl amplifier, fhe polarity of 
t l ~ c  on tp~l t  si<g~~trI fro111 the cc~thode .follower 
is the sclii~e (1s fllc jolnrity of the i n p ~ t  
signal: 

O u t f i ~ ~ f  i l l~pe( I (~~ce .  Tile internal output 
impetlance of a catl~odc-follower stage is 
con~par;itively small (usu:illy from less than 
100 o l in~s  to perhaps 200 or  300 ohms).  This  
range of values represents impedances that  
a re  co~~sideral)ly sn~aller  than the typical out- 
put impedances \ye ~vould expect from 
plate-loaded amplifiers ( f rom a few hun- 
dred to  several thousand ohms). 

Fig. 6 - Illustrating that the internal output 

impedance of a cathode follower i s  small. A 

given cathode current makes the voltmeter V 

show a certain dc output voltage (the I R  volt- 

age drop across Rk). I f  we connect the ex- 

ternal load R, we thereby reduce the total re- 

sistance in the cathode output circuit. Thus we 

might a t  first expect the voltmeter to show a 

sharply reduced output-circuit I R  voltage drop. 

But this voltage drop is also the negative dc 

grid-to-cathode bias voltage - so that the 

tube ollows a greater cathode current to flow. 

Therefore the new output voltage is the I R  volt- 

age drop produced by a larger current in a 

smaller total resistance. As a result, this new 

output voltage isn't much less than the original 

voltmeter reading. The fact that the output 

voltage changes only a little when we connect 

the load R shows that the internal source im- 

pedance of the cathode follower i s  small. 

T o  see vihy the internal output impedance 
o i  n cathotlc follo\ver is small, suppose we 
connect an externnl load resistor R across 
tlie output terminals of the cathotle follower 
a s  s1ion.n in Fig. 6. Let tlie input grid-to- 
ground vo1t:lge be held constant. \ \hen  we 
connect tire extern:il load resistor R,  we  ef- 
icctivcly reduce tile resistance in ihe  cathode 

@ 1964 Tektronix, Inc. 
A l l  Rights Reserved 



circuit. Suppose first that catliotle current 
remains constant. Then the voltage dro1) 
across the cathode resistance decreases. 
Therefore,  the grid-to-cathode voltage be- 
comes less negative. Rut this actually allows 
m o r e  catliotle current to ilo\\r. Thus  tlie volt- 
a g e  drop across the paralleled cntliode 
resistor and external load resistor tends to 
increase again to almost its original \ d u e .  
I n  effect, then, the t v l f a g e  iirross the out- 
put fcr111inni.r doesn't clrpri~d grrof ly  upo~z 
the ni~ioi~izt o f  exferiiill lond rrsisfmzre eitc 
c o m e c t  to flic7se trr~riivnls. Tliis statement is 
equivalent to saying that a catl~ode fol lo~vcr 
i s  a source that lias a small internal 
impedance. 

T h c  actual internal source inipetlxnce of a 
cathode-follower stage is not simply tlie 
value of tlie catliode resistor RI,. Instead, 
i t  consists of a parallel combination of R k  
shunted by tlie internal impedance of the 
tube. W e  can see that this statement applies 
if we look a t  Fig. 7. Note that tlie power 
supply represents a sliort circuit to s igial  
variations. Thus  the signal output impedance 
of tlie cathode-follon.cr stage, looking back 
into tlie output terminals, is made up of the 
tube impedance in parallel witli tlie catliode 
resistor Rb 

value of g , ,  of a given tube depends upon 

Fig. 7 - The internol source impedance of a 

cathode-follower stoge includes the cothode 

resistor Rk. But for o varying signal, the 

cathode-to-plate dynamic impedonce of the 

tube is connected (through the power supply) 

in parallel with RR. This tube impedance i s  

roughly llg,,,, and is therefore often quite 

low. For example, i f  the tube has the charac- 

teristic curve of Fig. 8, its cathode-to-plate 

impedonce i s  about 80 ohms. With such a 

tube, the cathode-follower stage of Fig. 7 
would hove an internol source impedance of 

only about 4 0  ohms. 

Tlie impedance of the tulx itself, a t  its 
cathode terminal, c;ui be slio\\n to be approu- 
imntely l/g,,, ( \ \here g,,, is the mutual 
conductance of the tube in 111110s). But t l ~ c  

the operating point at \vhich the tube works. 
Suppose, for  esample, that we use a tube 
\vliose plate curre~it-grid voltage cliaracter- 
istics is that shown in Fig. 8. For  this par- 
ticular tube, tlie operating point is that 
shown a s  point .A in Fig. 8 when the tube is 
used a s  indicated in Fig. 7. Tlie slope of the 
tangent line to the characteristic curve a t  
the operating point A shows that g , ,  is 12,- 
500 microml~os (= 0.0125 mho).  Then  tlie 
impedance of the tube, at  its catliode ter- 
minal, is approximntely 1/0.0125 = 80 
ohms. Since the catliode resistor is also 80 
ohms, tlie effective internal impedance of 
the cathode-follower stage of Fig. 7 is 
about 40 ohms. 

Vol fnge  Gaitz In  a plate-coupled ampli- 
fier stage, the var)ing output signal voltage 
I I I C I ~  well be seveinl times the varying input 
signal voltage That  is, a plate-coupled am- 
plifier stage may have a voltage gain of 
several times 

Bztf the volttrge gtri~z o f  fhe c n f l ~ o d e  folloeuer 
nriwzot Be as grecif 11s m i f y .  I n  other nords ,  

Fig. 8 - Assume that this curve represents 

the plate current-grid voltage characteristics of 

the tube in Fig. 7. Then we con use this curve 

to find the opproximate internal impedance 

of the tube itself, measured at the cathode pin. 

First note that the 80-ohm cathode resistor RI, 
in Fig. 7 establishes the tube operoting point 

as point A in Fig. 8. (To check this, observe 

thot o current of 10 milliamperes in 80 ohms 

produces on 0.8-volt drop - the grid-to- 

cothode bias corresponding to point A ) .  Next, 

to find the mutual conductance of the tube ot 

operoting point A, we draw o straight tangent 

line to the curve at point A. We see thot the 

tangent line intercepts o base interval cor- 

responding to 1.6 volts and a vertical interval 

corresponding to 20 milliamperes (0.02 om- 

pere). Thus, at operoting point A, the mutual 

conductance g,,, i s  0.0211.6 = 0.01 25 mho. 

Since the tube internal impedance ot  the coth- 

ode pin is approximately l/g,,,, the tube whose 

chorocteristic curve is shown in Fig. 8 has on 

internol source impedonce of about 110.01 25 
- - 80 ohms. 

the varying output signal voltage cannot be 
a s  great as  the varying input signal voltage. 
Tliis result springs .from tlie fact  that the 
cathode electron flow for a given plate volt- 
age is controlled essentially by tlie grid-to- 
cathode \.oltage. Suppose, for  example, that 
an input g r i ti- t o - g  r o u n d  signal-voltage 
change of +2 volts could cllange the electron 
flow sufficiently to vary tlie cathode-to- 
ground voitage by +2 volts (corresponding 
to a voltage gain of unity). But this change 
would involve no  net change in grid-to- 
cathode voltage; therefore there would be 
no net c l~ange  in electron flow - an absurdi- 
ty. Thus  the voltage gain of the catliode 
follower cannot be a s  great as  unity. 

Clearly, then the cathode follower is not 
useful directly in provitling voltage gain. 
But a s  we liaue seen, tlie catliode follower 
can be very useful in improving tlie risetiine 
characteristics of circuits that actually do 
produce voltage gain. 

T h e  voltage gain of a cathode-follower 
stage depends both upon the characteristics 
of tlie tube and upon tile value of the cath- 
ode resistor Rk. \\%en RI, is equal to  tlie in- 
ternal output impedance of tlie tube itself 
(approximately l/g,,,, where g,, is in mhos),  
the gain of the stage is approximately one- 
half. Thus,  witli values s11own in Fig. 7, we 
realize an output of about one-half volt fo r  
each volt of input grid-to-ground signal. If 
we  use greater values of RB, we can make 
the gain of the stage appreciably greater. 
\Ve can make the voltage gain reach values 
between 0.9 and 0.99 by using large values 
of R k .  

Since tlie output signal from a catliode 
follo\ver has the same polarity as tlie input 
sijinnl, and since the output signal can be 
made almost a s  large a s  tlie input signal, we  
can consider tliat tlie output signal approxi- 
mately tluplic:~tes the input signal. Hence 
the name ci l f l~ode follozi'er. 

P a r t  2 of this article mill appear in the 
October, 1961 issue of Service Scope. 

The  material for  this article \vas taken 
from tlie book "Typical Oscilloscope Cir- 
cuitry", pul)lislied 11y Telctronix, Inc. T h e  
complete tes t  is a\wilnble f rom your Tek-  
troiiis Field E n g i ~ ~ e e r  or  Representative. 



SOLDERING OF TEKTRONlX ETCHED CIRCUIT BOARDS 

An Explanation and Technique 

by Verne McAdams 

Tektronix Manufacturing Staff Engineer 

Soldering is an  alloying process between 
two  metals. In its molten state, solder 
chen~ically dissolves some of the metal 
with which it comes into contact. However, 
the  metals to be soltlerecl, are, more often 
than not, covered with a thin film of oxide 
that  the solder cannot dissolve. A flux nust  
be used to remove this oxide film from the 
a rea  to be soldered. The solder used in most 
electronic work contains this flux as a 
center core which has a lovier ~nelting point 
than solder itself. The f lus  in its molten 
state cleans the metal and holds the oxides 
suspended in solution. The molten soltler 
can then make contact with the clear~ed 
metal and the solvent action of solder on 
metal can take place. 

T h e  soldering process then is the follow- 
ing : 

1. The cored f lus  melts first and re- 
moves the oxide film on the metal to 
be soldered. 

2. The solder melts, floating the lighter 
flux and the impurities suspended in 
it to the surface. 

3. The solder dissolves some of the metal 
in the connection. 

4. The solder cools and fuses with the 
metal. 

T o  do a proper soldering job the follow- 
ing n~ust  be done: 

1. The connection itself must become hot 
enough for the rosin to melt and clean 
the metal. 

2. The cored solder must be applied di- 
rectly to the heated connection so that 
the flux, which melts at  a lower tem- 
perature than the solder, will melt first 
and clean the connection by the time 
the solder has melted. ( I f  the solder 
is applied to the soldering-iron tip, the 
flus, being lighter, will float on top 
of the solder. I t  will be unable to 
reach the connection and clean it.) 

3. A good easy flow of heat from tlie 
soldering-iron tip to the connection 
must be obtained by a clean, ~vell-tinned 
soldering-iron tip. A thin film of 
molter; solder will transfer heat rapidly. 

In soldering techniques for etched cir- 
cuit boards, the basic principles for solder- 
ing prevail. IVe are now interested in the 
difference in the soldering of etched circuit 
boards and normal soldering. 

The first consideration of soldering to 
etched circuit boards is the limitations of 
the substrate of the boards. The Tektronix 
etched circuit boards have a substrate of 
fiber-glass epoxy, which has a temperature 
limitation of 530" F for not more than 5 
~ninutes. Hotter temperatures reduce the 
time in inverse relationship; the hotter the 
temperature, the less time the boards will 
stand it before damage. (As an indication 
of damage, white flakes will first appear 
in the surface of the board. These white 
flakes indicate a decomposition of the fiber- 
glass epoxy substrate). 

A second consideration is the soldering- 
iron-tip temperature, which is determined 
by the type of soldering iron and soldering- 
iron tip used. The wattage of the soldering 
iron and the configuration of the soldering- 
iron tip combined with the spced of solder- 
ing will determine the ultimate tip tempera- 
ture as well as the working-tip temperature. 
Since we are here primarily concerned with 
the working tip temperature, the soldering 
iron and tip should be chosen so that the 
working tip temperature will at  no time 
exceed the limitations of heat set forth 
above. 

A third consideration in soldering of 
etched circuit boards is the type of solder 
used. The best type for use on the Tek- 
tronix etched circuit boards is a "eutectic"- 
type cored-wire solder of size #20 AWG, 
composed of 63% tin and 37% lead (as 
desiguated in FED. SPECS.  QQ-S-571c as 
Sn63) with a central core of activated rosin 
f lus  (Divco X-25, or equivalent). 

The fourth consideration is the technique 
of repair - repair in this case consisting 
of replacement of components The Tek- 
tronix etched circuit boards consist of 
straight-through connect~ons (no c~imped 
connections) gold plated to facilitate solder- 
ing. Carelessness in reheating the soltler 
connections for the remo\al and replace- 
ment of components is the only difficulty 
to be guarded against here. Caution must 
be taken not to overheat the sul~strate and 
this can best be accomplished with deft 
hands and by small applications of heat. 

If the removal or replacement is not ac- 
compl~shed in the first few seconds of heat 
application, avoid transferring too much 
heat to the substrate by going to a ~ ~ o t h e r  
com~cctioil or waiting a fczu winutes  Before 
reheating the convection Giving the con- 
ncctlon these few minutes to cool \$ill allow 
the heat to dissipate and help to avoid over- 
heatnlg the substrate Heat dissipates quite 
slowly from some of the srnaller connec- 
tions and too long an application of the 
soldering iron will result 111 the overheat- 
ing of the substrate 

Repair on the older phenolic-copper 
laminate boards is similar to that on the 
newer gold-plated fiber-glass epoxy boards 
\vith a cautionary rcmark that the proble~ns 
of heat limitation applies even more so 011 

tlie older boards. Their ultimate heat h i -  
tntion is much lower than that of the 
nev+er boards and the copper lan~i~m.te is 
glued to the board instead of being bonded 
to the substrate as in tlie case in the fiber- 
glass epoxy boards. 

Some things to be considered in order to 
obtain a low working-tip temperature are:  

1. At slow soldering speeds, a 25-watt 
iron and a T/s" tip. 

2. At medium soldering speeds, a 40-watt 
iron and a 3/16" tip. 

3. At fast soldering speeds, a 50- or 60- 
watt iron and a %'' tip. 

A recommendation for soldering tips is 
that they bc made of copper and have a 
chisel or bevel shape. 

There are two areas on an etched cir- 
cuit board which might require different 
soltlering techniques. One is the large 
copper area used as a common connection 
in contrast to the smaller spot connections 
The larger areas will absorb heat n~ucli 
more rapidly than the smaller spot con- 
nection This may necessitate a hotter iron 
and a larger tip for these areas than the 
smaller spot connections. 

\\'ith tliese cautions and recommendations 
in mind you should encounter no trouble 
~vhen soldering Tektronix etched circuit 
boards. 



T Y P E  551 O S C I L L O S C O P E S  - C R T  
R E P L A C E M E K T  

The  Type  551 (T57)  crt (catliotle ray 
tube),  original equipment in Type 5.51 
Oscillosropes, s/n's 101 to 2031, has been 
discontinued. An improved crt, T.5511, is 
offered :is a replxcen~cnt. This lien. crt is 
designed f o r  use lvitli a Horizontal Beam 
Registratioti control - :ui :~tljustment that 
allows you to  compensate for  stray licltls 
to  make the starting times of both I~eams 
coincide. F o r  Type 551's with serial nu111- 
I ~ e r s  below 2032 you will need to install 
a parts tnodif ication kit (Tel<tronix P a r t  
Numher 050-026) in order to use the new 
T 5 5 l l  crt. \\re will supply tlie motlification 
kit a t  910 c h n ~ g e .  Please note that the T55l 
(T57) crt  can no longer be supplied! 

Altliougl~ Type  551 Oscilloscopes before 
serial numher 216 have a Horizo~ital  Beatn 
Registration control, the parts rep1;icement 
modification kit 050-026 ~ I ~ I I S ~  be insfnlled. 

\Z1lien necessary to order a replacen~ent 
for  your T5.51 (T57) crt, please order P a r t s  
Replacement Mod Kit  050-026 plus the 
T S l l  cr t  with desired pliosphor. See be- 
low : 

Tektronix Tektronix 
Old crt Part No. New crt Part No. 

T551(T57)-P1 154-186 T5511-P1 154-186 
T551(T57)-P2 154-1GO T5511-P2 154-160 
T551(T57)-P5 154-210 T5511-P5 154-210 
T551(T57)-P7 154-189 T5511-P7 154-189 
T551(T57)-Pll 154-143 T5511-Pll 154-143 

T Y P E  E P L U G - I N  U N I T  - H I G H  
F R E Q U E N C Y  OSCILLXTIO?: 

Tlie Typc  E Plug-In Unit, wlien used 
in a Type 547 Oscilloscope, tends to  os- 
cillate at  :il~out 200 Mc. You can overcome 
tliis tei~dency 1,y atltlitig one ferrite bead 
(Tel<tronis  P a r t  N u m l m  276-532) on each 
signal output lead ;it pins 1 and 3 of the 
interconnecting plug. This  Service Kotc 
:~pplies to Type  E it~strumeiits wit11 seri:il 
nuinbers below 6190. Instruments n;ith 
liigl~er serial numlm-s 11nve tlie ferrite beads 
installed a t  the factory. 

T Y P E  21A A N D  T Y P E  2 2 4  T I h f E  
R A S E  I X I T S  - T R I G G E R  I M P R O \ 7 E -  
MEST 

A recent production 1iiot1ific:ition greatly 
itiiprovcs triggering stability of tlie Type 
21h :mtl Typc  22A Time Base Units. I t  
also m:ilies adjustnwnt of T D  B I A S  and 
L O C K O C T  L E V E L  less critic;il. Tlie 

modification is quite simple and can be in- 
stalled in Type 21X's wit11 serial numlxrs 
1 x 1 0 ~  8398 :ind Type 22A's ~vitli s e k l  
numl~ers I d o w  8400. 

Tlie ~notlilicntion consists of changing 
IN0,  n Typc BD-1 diode in tlle Time Base 
trigger circuit, to ;L Type TI?-2 diode (Telc- 
tronix I'nrt S u ~ i i b e r  1.3081) and Ii126, 
a 100 I;, '/r w, 10% resistor in the I.ocliout 
rnultivi1)r:~lor circuit, to a 4 7 k ,  '/z w, 10% 
resistor (Te1.rtronis l'art Numher 302-473). 
Clianging this &stor hrings the nominal 
setting of the L O C K O U T  LEVEL coti- 
trol to the center range of its ;~djustment. 

Af te r  the modific:ition, the T D  B I A S  
;uid L O C K O U T  1-EVEL controls a re  set 
according to instructions in tlie Type 555 
Instruction m;uiu;il. T h e  benciits of the 
modification a r e  tliat one setting gives re- 
lial~ility of trigger : ~ n d  equal response to 
both sine \vaves and pulses. 

T Y P E  564 A N D  T Y P E  RAG64 OSCIL-  
L O S C O P E S  - S O M E  P R E C A U T I O S -  
A R Y  M E A S U R E S  

Here  a r e  some precautionary measures 
~vliich, if observed, \\.ill prolong the use- 
ful life of the storage screen in tlie Typc 
564 ;itld Type RM564 Oscilloscopes. 

First  and foremost, take great care in the 
degree of writing-gun intensity you use. 
I-Iigh writing-heam current can cause per- 
manent datnage to  the storage target. Al- 
ways use the minimum beam intensity re- 
quired to produce a clear well-defined dis- 
play. Special cnre slioultl be t a l m ~  during 
warm up o r  wlien using slow rates or  
s:unpliiig displays. 

Use  caution n:Iien storing fast-changing 
portions of :i waveforni. Ream current 
could then be too great on the slow- 
clianging portions of tlie \mveforin. 

.4voitl repeated use of the same area of 
the screen for  storing displays. Distributiiig 
the use will :dlow the storage target to 
"age" uniformly and will prolong the ef-  
fective l i le  of the storage tube. 

T u r n  the intensity control to iiiiiiimun~ 
\vhen clianging plug-in units. An undcflect- 
ctl spot on the crt screen can I)ul-11 the 
stor:ige target even a t  normal intensity. 

Do not leave a display on tlie cr t  screen 
(eitlier \\.riling o r  stored) when tlie display 
is not needed. 

Do not 1e:ive the D I S P L A Y  switches a t  
S T O R E  ~vlicn tlic storage mode is not 
needed. 

"Xegative images" (dark  waveform i n -  
ages tliat appear as a darker background 
light l e \ d  ivlien the D I S P L A Y  switch is 
a t  S T O R E )  result f rom writing or  stor- 
iiig a. waveform in one position on the 
screen for  a relatively long period of time. 
Se,yative images \vill usu:lllp disappear in 
;L short time, lmt may cause a temporary 
decre;ise in Ivriting speed of tlie affected 
areas. 

"I3riglit 1)uriis" (bright waveform images 
that will not erase con~pletely) a re  caused 
by excessive intensity of the writing-gun 
l~enm. Severe hui-ns may remain indeiinite- 
1y; a mild case wliicli may only show when 
the writing speed eiilianccment circuit is 
used (Type 564, s/n 2000 and up, o r  R M -  
564), will slo\vlp f;tdc to normal over a 
period of a few days normal use. 

"Dark burns" (spots o r  lines 011 tlie 
screen that will neitllcr write nor store) 
result f rom tles~ructive 1,uriiing of the stor- 
age target hy tlie writing-gun beam. Re- 
placement of the storage tube will be re- 
quired if dark  burns impair operation of 
tlie instrument. 

T E K T R O N I S  C I R C U I T  C O M P U T E R  
- A N  A D D I T I O S A L  U S E  

Figure 1 .  Shows locotion of new Fc TIME 
arrow on the top deck of the Tektronix Cir- 

cuit Computer. 

I11 tliis column of tlie June, 1964, issue 
of Service Scope, we describe the Te1.r- 
troiiis Circuit Coniputer ( P a r t  Number 
003-023), n c i rcuhr  slide-rule type of device. 

Since tlien, Selson R.  I h w ,  1<3RGH, of 
906 7th Street in L:iurcl, Maryland, has 
written us telling :~l)out an additional use 
for  this computer. By the addition of an- 
other "Tiinc" asso\\- to the top deck of the 
co~nputcr  you can read tiine as n reciprocal 
of frequency - in other words, solve the 



1 
equation T = - 

f 

Y o u  determine the location of the new 
a r r o w  by positioning the top deck of tlie 
computer so that tlie 1-megacycle marker 
o f  the F, scale is aligned with the FRE-  
Q U E N C Y  marker on the middle deck. 
T h e n ,  reading tlirougli tlie top-declc cut out, 
locate the 1-nlicrosecond marker on the mid- 
d l e  deck. Then, on tlie top tlecl; opposite 
th is  I-microsecond marker, scribe a short 
radial line to form the nelv "Time" arrow. 
Label this new arrow "Fc TIME". See 
F igu re  1. Your computer will now solve 

1 
the equation T = - . Example: Set F, 

f 

Scale  to 5 megacycles; read 200 nanosec- 
onds (through the top-deck cut out) op- 
posite tlie new ' I F ,  Time" arrow. 

O u r  hearty thanks to Mr. Drew for his 
suggestion of a new use for the circuit 
computer. 

T H I N - B L A D E ,  SINGLE-PINCIHER 
P R O B E  T I P  - I S D E X I N G  F O R  
P I N C H E R - T I P  ORIENTATION 

Indexing the barrel back near the finger 
f lange identifies orientation of the pinches- 
t ip liool; (see Senrice Scope, issue 24, Feb- 
ru:~ry, 1964) and so simplifies tlie probe 
removal when the tip is buried in a maze 

of mires. Red nail polish or lacquer slio\vs 
up well on tile plastic, see Figure 2. 

H. I .  \\'ikon of 40 I-iillside Road, Beacon, 
Nelv Yol-I;, sent in this suggestion. Thank 
you, Mr. \\'iison, for sharing your idea 
with our readers. 

of tlie extension so that a plug-in can be 
quic1,ly and easily changed or installed. \\.e 
made tlie one sl lo~tn liere (see Figure 3) 
from a one-mcli tliicl; piece of pine board. 

Figure 2.  Adding a dot of red locquer identi- 

fies orientation of pincher-tip hook. 

PLUG-IN E X T E N S I O N  013-055 - S U P -  
P O R T  F O R  E X T E N S I O N  

Here's another do-it-yourself project. 
Figure 3 shows a support tliat fits into the 
plug-in compartment of a Type 530, Type 
540, Type 550 or Type 580 Series Oscillo- 
scope. \\ken using a Plug-In Extension 
(Tektronix Part  Number 013-055), this 
support holds and aligns the outboard end 

Figure 3. An easily-made support for the Tek- 

tronix Plug-in Extension (01 3 - 0 5 5 ) .  

The width of the support is 3 inches and 
the length is 5% inches. The cut out por- 
tion of the support measures 2 7/16 inches 
wide by 7/16 of an inch deep. The nar- 
row groove in tlie bottom of the cutout is 
3/16 of an inch wick and 1/16 inch deep. 

The support should fit snugly in tlie 0s- 
cilloscope plug-in compartment antl the plug- 
in extension should be a press fit into the 
cutout section of tlie support so that sup- 
port ;inti extension xvill stay in place when 
esclianging plug-ins. 

Our t1ianl;s for lliis suggestion go to 
Mr. Ed Davis of Raytheon, HASCO, Ft.  
Bliss, Texas. 

T Y P E  131 CURRENT A M P L I F I E R  - 
U I I F  CONNECTOR 

This  modification supplies a special re- 
placemetit UI-IF connector tliat will more 
perfectly fit a wider tolerance range of Type 
131 housings. I t  helps to overcome anti pre- 
vent tlie problem of tlie connector working 
loose. 

Order tlirougli your local Tektronix Engi- 
neer, Field Off ice or Representative. Spec- 
i f y  Tektronix Pa r t  Xumber 040-373. 

T Y P E  561 A N D  T Y P E  56lA OSCILLO- 
S C O P E S - P O W E R  S U P P L Y  IM- 
P R O V E M E S T S  

Tliis modification installs :I means for ac- 
curately adjusting po\vcr supply voltages. I t  
adds potentiometers to the divider network 
in tlie comparator circuits of tlie -12.2, 
+125, and +300-volt supplies. Inst:tllation 
involves the drilling of two lioles antl mount- 
ing a potentiometer assembly on the rear of 
tlie horizontal plug-in housing and changing 
sever;il components in the -12.2, +I25 and 
+300-volt supplies. A 10-0 fuse resistor is 
added to limit surge currents and protect 
the +300-volt supply. 

T h e  modification is applirahle to Type 561 
Oscilloscopes, s/n's 101 tlirougli 5000; and 
Type 56lA Oscilloscopes, s/nJs 5001 tllrougli 

6634. Ostler through your local Telttronix 
Field Engineer, Field Off ice or Representa- 
tive. Specify Telitronix Part  Fum1)er 040- 
317. 

T Y P E  502 OSCILLOSCOPE - I N T E N -  
S I T Y  BALANCE COXTROL 

This modification moves the Intensity 
Ba1:mce control to tlie front panel. I t  al- 
lows a more precise control of trace bright- 
ness - :[ useful feature in du:ll-trace plio- 
tograpliy. 

A new front panel overlay makes room 
for the new control and supplies gratluated 
marlti~igs for all five crt conti-01s. Order 
tlirougli your local Telttronix Field Engi- 
neer, Field Office or Representative. Speci- 
fy Telctronix l'art Numl)er 010-350. 

T Y P E  527 A N D  T Y P E  RN527 \\'AVE- 
FORM MONITORS -VERTICAL A W  
P L I F I E I I  A X D  TRIGGER IMPROVE-  
M E N T  

Installation of this modification brings 
four improvelnents to tlie Type 527 and 
*. I ypc IW527 instruments. 

1. I t  improves triggering at lou-level in- 
put signals Ily changing 1'24 (a  6E\\'6 tube 
in the Trigger amplifier) to ;I 6EJ7 tul~e. 
This 6EJ7 tube gives increased trigger gain. 

2. I t  ac couples the Internal Sync ampli- 
fier tulle (V14) to isolate tlie Internal Snyc 
signal from tlie DC Restorer fecdbacl; loop. 
This minimizes trace disappearance and dis- 
tortion tliat may occur at low-level input 
signds. 

3. It :ldds diodes 11etn;een the grid and 
c:~tliotles of Vlill and V.544 and from the 
catliotlc of 1'413 to ground. Tliis gives warm 
up protectioii for the Vertical Amplifier 
tubes by limiting the positive grid-to-cathode 
potentials and eliminates the possibility of 
~vaveform distortion from damaged tubes. 

4. I t  changes tlic time constant of the Gate 
Multi (V595). This minimizes Vertical 
IIC-Restorer shift in tlie presence of color 
burst so that video will not occur during 
restoration time. 

The modification applies to Type 527's 
s/n's 151 through 744 and Type RM527's*, 
s/n's 151 tlirougli 1189. Ortlcr tlirough your 
loc;ll Tektroiiix Field Engineer, Field Of-  
fice or Iiepresentativc. Specify Tektronix 
Pa r t  Suin1)er 010-362. - 

*A f e ~ v  inslrumcnts in the following serial 
number r:~iigcs ~ve rc  modified at the fac- 
tory:  Type 527, s/nls 645 to 744 ;  Type 
RM527, s/n's 730 to 1189. Consult your 
Tektronis Field Engineer or Rcprescntative 
lx iore  ortlering if your instruments fall in 
tliesc serial number ranges. 



COMPACT HIGH-PERFORMANCE INSTRUMENTS CAPABLE OF ACCURATE MEASUREMENTS IN 
SEVERE ENVIRONMENTS f -30°C TO + 65°C). 

EVEN GREATER ACCURACY PLUS A N  EXTRA MARGIN OF DEPENDABILITY IN NORMAL ENVI- 
RONMENTS (0°C TO +40°C). 

The Type 647 And Type RM647 Offer These "Most Wanted" Features In A Ruggedized Oscillo- 
scope: 

DC-To-50 MC Dual-Trace Capability Bright 6 x 10 cm No-Parallax Displays 

Choice Of Horizontal Plug-Ins: Low Power Requirements 

Calibrated Sweep Delay, Or  Ease Of Maintenance 

Wide-Range Magnification All In A Compact Easily-Handled Package. 

For more information contacf the distributor in your country. 
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P a r t  2 

I i~pir l  rtr/~liritui~rc. 'Hie input cnp:tcit:\ncc 
of n c:itliodc folio\vcr consists esscnti:iIly of 
the ci iccts  of (1)  t11c gritl-to-cntlialc c:i- 
p:icit:uice o i  tlie tulle :uid (2)  the grid-to- 
plate capacit;uice of t l ~  tube (see Fig. 9 ) .  

Fig. 9 - Illustrating that the input capacitance 
of a cathode-follower stage is small. I f  we 
app ly  a given gr id- input voltoge chonge, this 
input signal causes the cathode output voltoge 
to change in the some direction. Since the 
vol toge ga in  o f  the stage is commonly be- 
tween 0.5 and 0.99, the new grid-to-cathode 
voltage (:~'itli the input signol appl ied) isn't 
much different from the or iginal  grid-to-cathode 
bias vol tage that existed before we appl ied 
the signal. Since we haven't changed the 
voltoge across the grid-to-cathode capacitance 
C,, very much, this capacitance hasn't required 
much charging current. And therefore C,, 
causes relatively l i t t le loading effect on the 
source. (As  far  as the gr id-to-plate capaci- 
tance Cg, is concerned, C,, acts simply as a 
shunting gr id-to-ground capacitance since the 
positive power supply acts as a short circuit 
to signal variations.) The resulting total  input 
capacitance is considerably less than for a 
plate- loaded ampl i f ier using a similar tube. 

T o  olxerve the effect o i  tlie gritl-to- 
cathode capacitaiice Cnk, sup~)ose Illat C,k 

is 2 1)ici)f:u-:ids, and t1i:lt the voltage gain 
of the st:lge is 0.9. 1f \ve apply :ui input 
sigi~:ll-vo1t:lge r1i:uige of 4-1 volt to the 
grid o i  the tul)e, then tlic c;~tIiotle output 
voltage r1i:uiges 1)s -1-0.9 volt. Tlius \vc 
c1i:uige the vo1t:ige across Cxt 11y 0.1 volt - 
tlierel~y c1i:inging the clinrge stored in C.k. 
Rut  this 0.1 volt c1i:mgc ncross the 2-pico- 
far:lti c;ipncit:\nce C,,, alters t l ~ e  cliarge in 
cou1oml)s esnctly ns iiiucli as  :I I-volt change 
(tlie actu:il input signnl) ncross a c;~p:lci- 
tnnce o i  only 0.2 picofarntl. Tlierciore tlie 
:~ctunl gritl-to-cntliodc cap:icit:uice ( 2  pico- 
f;irntls) londs the sourcc only :is niucli as 
if C,k \\-ere n gritl-to-ground c:lp:~citancc of 
only 0.3 picofarad. 

Tlie grid-to-pl:lte cnpncitnncc C:,, in Fig. 
9 presents :i siii~plc shunt c:ip:icit:iiice :icross 
tile input terminnls, since tlic p o \ ~ e r  supply 
is n short circuit to signal ~1r in t ions .  

Cnl11on'c.-jo/loc~*~i- pi-ohcs. Sup1)ow \vc :\I-c 
using a n  oscilloscope to look at  a wavefo~-in 

tlcvelopctl 1,y a certain wurce Tlie verti- 
c:d-input circuit of tlie oscilloscope c:~uses 
:i cei-[:tin :~mouiit of resistive ant1 c:ip:icitive 
1o:itling on the source. Unless the i11tern;tl 
impetl:mcc of the source is lo\v, tllis load- 
ing miglit (1) distort the \v:lveforiii, o r  ( 2 )  
reduce the nmplitutlc of the \v:ivefor~ii, o r  
II0tll. 

\Ye c:m use a voltage-divider pro11c to 
reduce the loading and thus retluce the 
\\.nveiortii distortion. Rut the voltage-divider 
p r o l ~  :dso nltrniintcs the signal \ve \\.ant to 
display. Consequently, if the signal is al- 
rexly small, the voltage-tliviJer prol~e can 
nltenu:lte the signal to a point \vlicre it no  
longer produces ;I usciul display. Tliereforc 
the voltage-tlivider pro l~e  miglit not iill 
the hill \\-hen \ye ~icetl to look at :i small 
waveform ir i i~i i  n Iiigli-impetlance soul-cc. 

\\'Il;it \ye need for  sucli purposes is ;I 

p ro l~e  tliat ( 1 )  lontls tlie source only liglitly, 
hut still ( 2 )  l i x  n voltage g:iin :is close a s  
possil~le to unity. \ i re  cnii ni:llte sucl~ :i probe 
11y placing a c:itliotle follo\vcr insitle the 
prol~e I~ody.  T h e  small input c;~p:~cit:ince of 
the c:itliotle iollo\vei- puts only a light load 
on the source. Rut tlie voll:ige gnin in the 
c;itl~ode follo\ver c:ui rc:~dily be between 
0.5 ;mil unity. 

T I I  'T:tl)le 1, ive comp;~re tile lo:iding ef-  
fects :~iitl the volt:igc g:iiiis that \vc might 
get ( 1 )  n-hen \\-e use 21 typical voltage- 
tlivitler pi-olx, :mil (2 )  \vlieii we use a typi- 
cal catliodc-follo\~er probe. 



TABLE 1 

looding effect Voltage 
goin 

Typical voltage- 10 megohms 0.1 (10X atten- 

div ider probe 11.5 picofarads uotion] 

Typical cathode 40 megohms 

fol lower probe 4 picofarads 0.8 - 0.85 

F r o m  this comparison, ive t i i i ~ h t  nt first 
imagine  that we siioi~ltl foi-get al~out  the 
voltage-divider- prol~e :uid simply use the 
cathode-iol lowe~- prol~e for all our \v:lvc- 
f o r m  ol~scr\.ations. But there :Ire some other 
consider:ctions, including these : 

1. .4 c;itl~o(le-follo~vei- prohe c;\n readily 
he ovelontled by large input sigiials. This  
overlontling causes \vnveiorni distortion. 
( F o r  ex;iiiiple, one t!,pe of cathotle-follo\vcr 
probe  ii~trotluces ahout 3 percent :mplitutlc 
distortion ~ v h e n  the input volt:lgc esceetls 
about  .i volts. Some other catliotle-iollo\ver 
p r o l ~ e s  can ncconimotl:lte only much sm:lllcr 
input  voltages.) 

2 Attenuntori a re  ava~lahle that c:ui be 
:lttachetl to the nose of the cathode-folloner 
probe,  for s ~ q n a l s  larger than those the 
probe  can Iiantlle d~rect l> ( T l ~ e s c  attenu- 
a t o r s  affect both the mput ~nipetlance and 
t h e  frequency response of tlie prol)e ) 

3. I f  an uninfornied worker uses a catli- 
ode-follo\ver probe in such a v a y  that tlie 
p robe  is overloadetl -as tlisci~ssed al~ove - 
h e  can get re:~dings or  \vavefornis that a r e  
v e r y  misleatling. 

4. Suppose \vc connect tile cathode-iol- 
lower-probe input to a mveior111 source 
~vl iose  internal inipedancc is inductive nt 
some frequency. Then tile catl~odc-iollo\\er- 
p r o l x  input impcd:uice drops - perhnps suf-  
ficiently to change the :~inplitudc o r  shape 
of the displayed \vavcform. Tf the Q of 
t h e  source-am-probe circuit is high, the 
probe-input impetlance can actually become 
negative :it some frequency so thnt the 
cntliode-iollo\ver-probe circuit oscillates. 

5. Tlie cathode-followi- prolx costs sig- 
nific:uitly more t1i;~ii the volt:\ge-tlivitlc~- 
pro l~c .  Furtlierniore, the c:ltliotle-followci- 
probe requires ;I st:~l~lc, low-ripple power 
supply tint is exter11:ll to the prolre. (PI-ohe 
pon-er supplies :Ire :~vailnl)le. Sotiie oscillo- 
scope types include probe-po~ver connec- 
tions.) 

I f  you tliinli :I c :~ t I io~le- fo11~) \~~e~ prolx 
xvill help you, :is]; youl- Te1;troiiix Field 
Engineer or Repi-csent;itive to help you 
select the probe nnd apply it to your ~ v o r k .  

11 illrthod of iizcrecisiilg irp)urrilt iitfiut 
resistai~rc~. In  order to' rctluce the loading 
on the sign:d source, \ve often umit  to ninlie 
the resistive component of the input ini- 
pet1;ince of :I stage very 1:irge. T o  :iccom- 
plish this result, we might make the grit1 
resistor R, very large. But t u l ~  m;uiiifnc- 
tul-ers often specify a m:~xitiit~ni \ d u e  of 
R, t1l:tt \ve should not exceed. This  m:ixi- 
m l m   due of It, is b:tscd principally on  
gritl-current consider:~tions. .-I typical rec- 
ommended ~ n x i i t i i u ~ n  value for  R, is 1 
~negolini. 

\\'lien \vc use n c:lthode resistor to ohlain 
the neg:ltivc gritl-to-cntliode 11ias volt:tge- 
ns in t l ~ e  c:m o i  cathotle i o l l o ~ e r s  :md o i  
many plate-lo:ltletl ;uiipliiiers - the upper 
limit for  I t ,  is not so cl-itical. ( T h e  ten& 
elicy io r  grid CUI-rent in R, to ni:~ke the 
dc plate current unst:il)le is largely 11nl;uiced 
out, since a chnnge in plnte current causes 
a change of bias voltage tlevclopctl across 
the c:ithotle resistor - and this bias-voltage 
change is in ;I direction t1r;ct tends to bring 
tlie p h t e  current h;icli to its original \ d u e . )  
I-Iowever, even nit11 c;lthotle-resistor bias, 
xve callnot expect the tube to operate re- 
liably in every cxse \vhen \ve use indis- 
criminately large values of grid resistance 
R,. 

Fig. 1 0  - Means of increasing the apparent 
value of the gr id resistor R, i n  a cathode fol-  
lower, to reduce the shunt loading effect on 
the signal source. R,I and R.2 act as a volt- 
age divider, applying most of the output-signal 
voltage to the lower terminal o f  the gr id-return 
resistor Rg. Since the output-signal voltage a t  
the cathode terminal is nearly as great as the 
input-signal voltage, only a small port  of the 
signal voltage appears across R,. In Fig. 10, 
the resulting signal current i n  R, is so small 
that this 12-megohm resistor oppeors to the 
input-signal source os i f  i t  were a 40-ohm 
resistance between the input terminals. 

A circuit like that of Fig. 10 can m:ll;e 
the :Ipparcnt grid-input-cil-cuil ~sesistance of 
a cathode iollowcr very large - consideral>ly 
larger tlian the nctunl value of R,. I n  the 
figure, the :tcti~:il vnluc of It, is 12 nicg- 
olims. But the :~pp:~rent  resist:lnce seen 1)). 
a soul-ce that drives the grid circuit is about 

40 iiiegolims. Let us see ho\v the circuit 
of Fig. 10 accomplishes this increase in 
:~pparent input resist:~nce. 

Suppose, for  exaniple, that we apply an 
input signal voltngc of $1 volt to terminals 
1 :md 2 of the circuit of Fig. 10. Assume 
tliat the gain o i  the cathode follo\ver is, 
say, 0.83. Then tile output sigtxll voltage 
that appears across termin:~ls 3 and 4 will 
he 0.83 volt. Becni~se of the voltage-divider 
action of the series cathode resistors lL, 
m t l  RW, only a  art of this output-signal 
vo1t:lge \vill appear :it the junction of Rk, 
and RL?. In  fact, since R W  = 180 oll~iis 
and Rh.: = 1,000 ohms, the signal voltage 
:it the jimction of these t ~ v o  resistors will 
he 1,000/1,180 times the output-signal volt- 
age of 0.83 volt. Tlitis the signal voltage 
nt the junction of Rk, and Rli2 is about 0.7 
volt. 

Since tllc signal voltngc at  the 1on .e~  end 
of R, is 0.7 volt, :mcl the signal voltage at  
the upper end of R, is 1 volt, the signal 
voltngc :tcross R, is only 0.3 volt. Tire re- 
sulting sig~ial current in R, is, 11y Ohm's 
Ia~v ,  equal to 0.3/12,000,000 :lmpcre, o r  0.025 
microampere. 

Thus  the input circuit takes a signal 
current of 0.025 microampere wlien the 
source signal voltage is 1 volt. By Ohm's 
law, the apparent resistance of the input 
circuit is 1/0.000,000,025 olinis o r  40 meg- 
ohms. This  increase in npparent grid-input- 
circuit resistance occurs simply l~ecause we 
connected the lower end of R, to the junc- 
tion of the t\vo series cathode resistors 
rather than to ground. \\'e slioultl note, 
lio~vever, t i n t  tliere is a certain sacrifice 
in the voltage gain as conipared to  the gain 
we  would get with the lower end of R, 
grounded. 

Tlie circuit of Fig. 10 is actually used in 
some cathode-follower probes. 

Fig. 1 1  -Here o plate- loaded ampl i f ier VI 
drives the input of a cathode fol lower V2. The 
plate-to-ground capacitance of Vi (plus the 
small input capacitance o f  Vz) is represented 
by  C,. The risetime of the coupling circuit 
between V I  and Vz is determined b y  the time 
constant RL Cp. 

Boofsfrup cc~pcrcifor. Fig. 11 shows a 
plate-lo:itlctl :uiiplificr \:, that supplies ;L 

varying signal voltnge to the grid-input cir- 
cuit of ';1 cathode-follower tube V?. There  

@ 1964 Tektronix, Inc. 
All  Riahts Reserved 



Fig. 12 - ( a )  An example o f  a grid-input 
signal voltage that we  can apply to V I  in 
Fig. 11 to observe the effect upon the output 
signal of the time constant RL Cp i n  Fig. 11. 

( b )  V I  plate signal voltage appl ied to the 
gr id of VZ i n  Fig. 11 when we apply to the 
gr id o f  Vi the waveform of  diagram ( a ) .  

( c )  Faster response of the coupling circuit 
between V I  and Vz to the input signal of d ia-  
gram ( a ) ,  achieved by  the hypothetical method 
o f  Fig. 13 or  b y  the practical method of Fig. 
14. 

will exist an u~la\~oidnble shunt c;ipacitancc 
C, at  the pl:lle of the :implifier tube V,. 
And the RC circuit composed of the plate- 
load resistor RT. :uid tlie shunt capacitance 
C,, might cause the risctime of the circuit 
to be longer than \ve can tolerate. 

I f ,  for  example, we apply a negative- 
going input-volt:ige step (instant ri, Fig. 
12) to the grid of V,, the p h t e  c u r i ~ n t  \\.ill 
be abruptly retlucetl. .411d the signal voltage 
at  the plnte of v, \vill rise :iccording lo n 
curve like Fig.  1211. 

\Ve can use pe:iliing or  compensating cir- 
cuits to sliorteil t l ~ e  risctiii~e. Rut nnother 

in Fig, 13. IHcre the upper cnh of the plate- 
load resistor Rr. is contiecteti to tlie ~ n o v -  
able contact of n v:iriable volt:lge tlivitier I<. 
Suppose \ve could provide some \Yay 11y 
which the ~ n o v n l ~ l c  coiit:ict \voultl : iulo~i~nti-  
call?. move to\vnrd the positive end of R 
~vhen  the signal voltage :it the pl:itc of V, 
tentled to rise. Ti we coultl mal;e this pro- 
vision, then tlie stored cli:u-ge in C,, would 
he more quickly removed so tlint the sig- 
nal voltage at  the plate of '\', could risc 
more r:tpidly. 

\\'c c:uinot, of course, provide the nic- 
c11;lnic:tl arr:ungemeiit just stiggcstctl-except 
possibly for signals tlmt chnnge quite s lo~v-  
I?.. Rut a systeiii that oper;itcs in some\vliat 
the snme xvxy can be arranged electronically, 
as  follo\vs : 

Fig. 13 - A  hypothetical way to improve the speed o f  the response o f  the coupling circuit between 
V I  and V2 i n  Fig. 11. Here we  app ly  the waveform of Fig. 12a to the gr id of Vi. And we assume 
that we can provide some way by  which a voltage rise at the plate o f  V I  moves the varioble contact 
an R upword. The resulting voltage rise a t  the upper end o f  RL helps to charge C, while the input 
waveform changes. Thus the voltage a t  the p la te  o f  V I  can change more rapidly, as indicated in 
Fig. 12c. 

Fig. 1 4 - A  practical way to achieve the result we considered i n  Fig. 13. Here the V I  grid-input 
signal of Fig. 1 2 0  makes the vol tage a t  the plote of V I  rise. By cathode-follower action, Vp couples 
this voltoge rise to the cathode o f  Vz. The bootstrap capacitor CI, applies this voltage rise to the 
tap on the plate- load resistor RL, helping to change Cp more rapidly.  Therefore, i n  response to the 
input waveform of Fig. 120, the voltage o t  the plote o f  V I  can change relatively rop id ly  as indicated 
i n  Fig. 12c. 

Fig. 11 s11on.s ;L sni;ill c:lp:icit:ince CI, con- Ti1 thus iniproviiig t l ~ e  risetinie of the 
nected hetn-ecii the calliotle oulput terniin:il response to :i step-voll:ige input, we h:ive 
of the cathode follower ;i~itl n tap on :dso ni:tilc tlic circuit of Fig. I1 c;ip:il~le of 
the pI:~tc-lo:itl resisto~- Ri.. \\'hen the signal respontiing to other I-npidly changing wave- 
output volt:tgc at  tllc p h t e  of '\;, lxgins to forms. Inas111uch :is this i~nprovement is 
rise, this vol1:igc rise is :ipplictl to the grid actunlly i~itetltlctl to ni'fcct only \vaveforms 
of IT?. rlnd t l ~ e  signal-volt:igc rise :ippe:irs tlint c11:ulgc r:ipitlly, \vc m;ike CI, small 
only slightly diminished :it the c:ithode out- enough tli:it its coupling action is negligible 
put tcrn1inal of 1;:. The s:uile sign:ll-voltage for slo~vly cll:inging \vnveforins. \\.c can 
rise is cotipletl tliroiigli CI, to the tnp on RI., refer to CI, :is :i boot.strcil, c:lpncilor. I t  is, 
so tI1:it the voltage at  tlie tap rises nmre in getwr:il, i~eccss:~ry to  select the value of 
r:~pidly 1li;in it \voiiltl if the circuit through Ct, :tnd the kip point on I ~ I .  so that opti~iium 
CI, v-el-e ;ihsent. Thus  electrons :ire dr;i\vi~ results a r c  obtained. 
a\v:cy f i - o ~ i ~  CI, more r:ipitlly t l im t l ~ e y  \voultI 
if CI, \vere :il~scnt. The  :iction continws T h e  End 
during the pl:itc-voltage rise of I', - eacli 
incre:ise in pl:lte vo1t:cge c:iusing :I corrcs- The  matcrial for  this ;u-ticle n.ns taken 
pending rise in voltage :it the tap on I<,. from the 1100li "Typic:il Oscilloscope Cir- 
so t h t  elect sons can be tlr:in.n r:~pidly a\vay cuitry", p~~l~l i s l icd  by Telttronis, Inc. The  
f rom CI,. The  correspo~~tl ing output-volt:lge complete tes t  is :iv:iiIable fro111 your Teli- 
\v:ivcior111 :it the p1:ite of V, is therefore tronix Field Iznginccr or  Representative. 
like that of Fig.  1212. T h e  price in the U.S..L is $5.00. 



a r c  up  to five improve~iienr; you c:in i~rcor- 
1101-:ite into tile i n s t r ~ ~ ~ i i c n t .  T11e ( h t p u -  
:'itnpiifier c:lrtls ;~ffectctl 11). the i ~ i i ~ ~ r o v e -  
ments  :ere n~oticls 2, 3 :en11 4. C:l~-ds \villi 

four  s o l d c ~ - i ~ ~ g  points ( t ~ \ - o  per clip) for 
c;lcli tlioclc posiiioii. 11ist:lIl :i 6153 rcpl:cce- 

DENOTES THE CATHODE 
(BANDED) END OF DIODE LOCATE DIODE 

~~~~ 

Figure 1. Showing orientation of replacement 
diodes and loction of diode leads on Type 
1 A l  Output Amplifier Cards Models 2, 3 and 4. 

meiit diode in e:1cll position orieiiting tlic 
diotle antl solticring t l ~ c  ;isi;il Ic;ttls in their 
loc:ltio~is :is 410\v11 i l l  Figure I .  

11revcnts tile : ~ l t e ~ n i ~ ~ t e - t r : ~ c e  I~ltjcki~ig oscil- 
1:etor f ro~i i  inlei-mittcntl). riliinii~g t\\-ice on 
:i sync pulse. 'I'lle improvcinent :dds :I Typc 
6075 Germ;cniuiii 1)iotle (Tcl;tsoiiis I ' :~rt 
Su i i i l~er  152-07.5) :\cross t11c collector ~vi11iI- 
iiig of 'l-330. Circi~it  clesigi~;ction o i  this ne\v 
diode is D330, see 1;igul-e 2. I'igure 3 sho\vs 

Figure 2. Partial schematic showing circuit lo -  
cation o f  the added Type 6055 Germanium 
diode ( 0 3 3 0 )  across the collector windings of 
T330. 

Figure 3. Partial view of Output Amplifier Card 
(rear or soldered side.) Arrow shows the 
physical location o f  the added Type 6055  
Germanium diode (D330)  and points to the 
anode end of the diode. 

tlic p1iysic;il location of 11330 on the re:lr 
(soitlei-ctl) siilc of the Out1111t-:41iipliiier 
card. 

Tlie tllird, foli1-tI1, and fiitll inipi-oveiiieiits 
:II-c :c~q)lic:~l~le to the moilel 2 Output-Ampli- 
fier c:lrtl. 'I'liese iniproveiiieiits retlucc : d -  
11cr:itions on tlic Cliop1)cd \ v : ~ \ d o r m ,  rctluce 

field i:iilure of 12353 antl assure A L T E R -  
NATE tr:icc ogcration in all units. 

To  Iicrli/cr :ll~l~c~ici/ioii.~ on Clioppeil Tilave- 
j ~ i - i i i  iiist:ell :I new 1-50 pf ecr:~iiiic capacitor 
(Tc l ; t ro~~ix  1':lr-t Su l i i l~er  281-5-74) in 11:~s- 
:illel \\.it11 Ii343. Ilesignxte this ne\v cnpnci- 
tor COU. liep1:~ce C491, :1 0.001 pF c:ip:icitor 
1oc:ltetl from pin 10 o i  \ 2 4 3  to ground, \villi 
:I 0.1 p i  cc~miiic  ca~);\citor (TcI<tronir P a r t  
N.:uml)cr 283-0.57) : ~ n d  :ctltl :L 3/S inch piece 
of #18 v:crgl;cs to tlle lend :lt pin 10. V243 
is located on a l~rncket  directly I~cliii~tl the 
front sub-panel on the C11:unnel 2 side of the 
Type  l A l .  1nst;ill a new O.lpf cer:~mic c:i- 
1ncitor ('I'ektronis P a r t  Sunilwr 283-057) 
f rom pin 21 of t l ~ c  Output Amplifier card's 
h i t l i s  connector to the ground lug :-under 
1149.5, :i 470 olini, wire wouiitl resistor, lo- 
catetl on tlle rear Ir:inie 1)l;lte o f  the 'I'ype 
1:\1. 11esign:ltc this ne\v cnpncitor C494. 
liemove :und tlisc:1rtl C260*, :I 0.001 pf ca- 
pacitor, 1oc:etetl l ~ c t \ \ w n  pin S of the Ciian- 
nel 2 Input-Amplifier card's Bendis con- 
nector :liitl :I sol(lcr lug on the hr:~cliet sup- 
porting the rexr end of this Bendis con- 
nector. 

Figure 4 slio\\-s I\-:iveiorms from ;I Type 
1.4 1 in Cllo~q~etl  hlotlc before and after  the 
iiiiprovcment. 

T o  Reduce I:ieltl Fnilili-r of Q.753 

On tlic rcxr \vaicr of the hIODE switch 
1oc;etc n cont:ect \\-it11 :i green-on-\vhite wire 
antl :I second cont:ict \villi a reti-on-white 
\vise. Inst:lll n 2.7 megol~m*, J/L w. 10% 
resistor ('l'cktronix P:lrt S111ii11cr 302-27.5) 
het\veen tliese i\vo contacts. Designate tliis 
resistor 11360. 

Ti I i - c  4 J T f  T I  ti-tire opercrtion 
iii (ill imits 

Replace C303 :iiitl C303, 0.001 pf cap:~ci- 
tors, \vitlr 0.0.; p i  cer;linic c:ip;lcitors (Tck-  
t r ~ i i  I ~ i i l e r  3 - 0 0 )  I i e p l x e  
C306 :ml  C316, 22 p i  ca~~ac i tors ,  \\-it11 47 p i ,  
ceramic capacitors (Tcl;tronis P x t  liumber 



281-518). Replace D303, a 607.5 diode, \\.it11 
a 1S3605 diotlc (Telitroiiix I'a1-t S u ~ i i l ~ c r  
152-141). Replace Q305 :md Q315, 2S964 
transistors, \villi n p:iir o i  selected 2S964 
transistors (Tckt ronis  P a r t  Su i i i l~cr  153- 
530). Tlicsc last t\vo tr:ilisistors : ~ r c  selected 
for  a miiiimuiii Retn o i  SO :it 101ii:l I,.. 

it is reset 1)y n ne\v s:uiiple. This cre:ltes 
vertic:illy cloiig:~ted "sl:tslies" iiiste:itl t ~ i  (lots. -. 
I l ie  :itltlition of n 2.5 1; potc~itio~iicter (l'eli- 
tronix P:irt S r ~ t i i l ~ c r  311-390) in series \vitli 
the p h t e  of 1'1133:l in the Ileiiior>. circuit 
of tlicse ping-ins \vill give you :ti1 :~tljust- :\ siiiiple iiiotlific:~tion \vill permit tlic use 

of either tlie T j y e  T.54 (origin;il ecluip- 
iiiciit) crt o r  tile l ' ~ . p e  1'543 (msetl in Type 
543 Oscilloscopes) in :111 Type 541, 545, 
RM11 anti RM45 Oscilloscopes. I b t h  the 
7.  - 131 ;ind tlie T543 crt ciiiploy etched tieflec- 

ment \vitli \vliicll >.ou can vii-tmlly elimiii:itc 
the teliticncy to tlriit :111d s1:1sli. Figure 5 
slio\vs :i sc1ielii:itic o f  the tic\\- circuit. 

Corrcct the sc1ieni:ltics :11it1 pnrts list i l l  

your Typc 1;\1 Iiistriiction ~ l : ~ ~ i u : i l  to con- 
form to the iiii~)roveii~eiits you 1i;ivc just Ple:isc note tli:it the Typcs 4S1, I S 2  alid 

4S3 :\re t111:il-tr:m instrunicnts. As  such made. tion phtes. There :ire, I~o\ve\-er, t\vo possi- 
l)le ;ltlv:mt:~ges i i i  convsi-ling to the Type 
,.+ 1343 crt. One is, f:~cilities tli:it iisc I)otli the 
Type 543 i ~ i s t r i ~ m ~ t i t  ;tii(l otlicr i ~ i s t r ~ l ~ l ~ e ~ ~ t s  
in the oltlcr Type .i40 Series (541, 54.5, 
I i l I41  :iiitl Ii1145) ~vil l  need stock only 
oiie type o i  replaceiiicnt crt - tlic Type 
T.543. T h e  otlicr :itlv:iiitnge is t h t  the Type 
T.543 crt  reduces t l ~ e  effect o i  intensity 
clixnge :ls a result o f  Astignintism control 

*Some Type l:\l instrunients in tlie field tliey Ii:lvc t\vo input cli:itiiiels :mi each cli:u- 
ncl li:is its o\vn Sfciiiory c:trtl. For  single 
trace oper:~tion you need iiiodif!. only the 
Memory c:irtl of tlie iiiput c1i:innel yoti ill- 
tend to use. Fo r  dual-tr:tce o1)er:ltion you 
siionltl ~iiotlify the llctiiory c:irtls o i  lmth 
cliaiinels. 

may hnvc h : ~ l  these starred com11onents re- 
moved o r  installed :it the i:tctory. I i  your 
instr~imcnt f d l s  in tliis category, ignore 
these portions of the improvcmc~it proce- 
dure. 

T Y P E  180 \ FREQ171<SCY IIOVCTdER- 
i \ l r \ l i I<lSG T U R S -  \ I i O I T S D  

, . llrc potentiotiieter m:iy Ije inst:tlled on the 
lip of the lleiiiory c:irtl cli:~ssis :dongside 

The Type 1 8 0 1  Frequency Doul)ler (Tcli- 
t ronir  P:irt S u ~ i i l ~ r  01.5-013) - used i o r  
o1)t:iining 100 Slc froiii t l ~ c  50 l l c  output of 
the Type 180:l Time-1Ia1-I; Gciier:1tor - is 
intctitletl to he coupled directly to the Type 
180:2, not at  the end o i  n c:il)lc. Tile sclie- 
mntic on tlic c : w  of tile Frctluciicy Doubler 
has conirlsed sonic oper:itors. Tlie sclic- 

the Sniootl i i i i~ I3:il:iiice potentiometer. It 
~vil l  rec[uirc the drilling o i  54-inch I~olc. 
:\ ~ic:lrhy v:tc:lnt slot in :\ c~rnli i ic  strip 
sitnpliiies rerouting the -1-100-volt supl)ly 

1'le:lsc note th:it this motliiic:ttion docs 
not :ipply to the recently :iliiiounced l'ype 
5 4 ,  'I'ypc 546 :1nd Typc  547, or to the Typc 
540.A Series :uid Typc 540B Series Oscillo- 
scopes. 

lend tlirougli the new ~~otentiometcr  I~cfore 
connecting it to the p h t e  (pi11 6 )  of 171133.4 
via the 100-C? suppressor resistor. , I . o m:dic the modification. 

T o  :ltIjust the pot, first be sure the DC- 
offset control for  tlie ch:in~-icI used is set 

inntic m:irliings iliiplietl that the fcmtlc 
UI-lT: connector \vns t l ~ c  input :ind the m:tle 
conncctor tlic output. This  interprct:~tioii is 
wrong. Tlie iiltr/c r o m r r f o r  is the iitpllt. 

I t  connects directly to tlie .50 h lc  Sine \\'rive 
output (:I iemale U l ~ I F  connector) of the 
Type 180:Z Tiiiie-hlai-I< Gcner:itor. 

1. Remove the crt  isom the instrument. 

2. Disnssc~iiblc tlie crt socliet 1)y rciiioving 
the t\vo scrc\vs. 

to zero volts. Monitor the volt:ige \villi :I 

voltmeter nt tlie mot i i to r in~  j:tcls. Ol)serve 
that :ttljustiiielit of the potentiometer c:in 
reverse the direction o i  tlie spot (up  or 
tlo\vn) ns \vcll :ts the rate at \vhicIi it tlriits 
e:lcli time :i free-sunning sweep is stopped. 
Set  it so the spot remnins in the same posi- 
tion :IS the tr:ice encl~ time tile s\vccp is 

3. Sliort pills 11 :tnd 12 of the crt soclict 
together. One ~iietliotl is to notch tlie rib 
Ixt\vecn the r i l ~ s  :ind silost them \vith a 
piece o i  #22 11:ire \vise; another, to use 
:in external loop. TYPE 6 1 ,  6 - 3  .mtI 4 ~ 3  nu zr2-'rri I C E  

S I h I P L I S G  IXT'SS - "ST. \SI I" -RE-  
I I ~ C ' S I O S  I\IODIFIC4''TOS I S F O R -  
>I A T I O N  

Steps 4, 6 nlid 7 apply to tlic follo\viiig 
iiistruliiei~ts only : 

There  is some interaction wit11 the 
Smoothing I3:ilnlicc Control so >.ou niny 
li:ivc to \vorli I):lcli and forth Ixt\veen these 
controls n couple o i  tiiiics. 

Type 541, s/ii 101 - 6928, iticlusivc 
545, s/n 101 - 11328, inclusive 
IZM41, s/ii 101 - 13.5, iliclusivc 
lCM4.5, 5/11 101 - 192, i~icl i~sive 

YE-73 S E O S S  1% 21310 \CTI \TI<  ;\I ITE- 
III 11, - .\ C O R I I E C T T O S  

I. Run a le:\tl through liolc #8 in tlie cr t  
socliet insert :ind soltlcr it to pin #8. \\'e 
suggest using :I 9-ilicli length o i  #22 
str:t~idctl \\.ire, color-coded : \vliitc-or:lnge- 
green-I)~-o\vn, \vlricli deliotes the supply volt- 
age to wIiicIi tlie le:d will he connected. 

11x1s recurring :tt :I very Ion. rep rate. TI] 
this sitwtion, tlicrc is siicli n long wti t ing 
period I~ct\veen s:uiiples tli;it tlie hIillcr 
hh2liio~y i~su:llly tlriits n\v:iy froill the level 

In tliis coluliin o f  tlic :\~)ril, 1964, Scrv- 
icc Scope \\-e stated that tlic I I ~ \ V  S E - 2 3  
S c o n  1:inips colitainetl :I tin>. hit o i  r;ltlio- 
:ictive ni:ltcri;d ndtletl to the glass cnvelopc 
during m:inui:tcture. Lli-. Cllarles nouglier- 
ty, Apl~lic:~tions Engineer \vitii tlie Ninintui-c 
L:mp Department o i  (;ener:il Electric Cotii- 
p:lny, tells us t h t  rndio:ictive mnteri:ll is 
not added to  tlie glass envelope. They (lo, 
lio\vever, add a rndio:lctive gas \villi tlic 

it was set to by tlic 111-ecetliiig sample l x i o r e  

25k p o t  
(311-390) 

added 

6. Iiemove tlie Iiigli-volt:ige shield on tlie 
top lei t  side o i  the instru~nent. 

7. Iiun the free end of 1c:itl (Step 4 )  
t h r o ~ ~ g l i  ;I vnc:uit hole in the liigli-volt;tge 
cl~nssis (just a l~ove  the cl-t socket) ruid 
soltler it to tlie +350 volt point (\vliitc- 
or:l~ige-green-l,~-o\m le:td) on tlie rear cc- 

~icoii mix t i~rc .  This  ;~cconiplislies tlic pur- 
pose wliicli \vc cited :is tile reason ior  ~ l t l -  
ing r:ldio:lctive m:llcri:d to the gl:iss - t1i;tt 
of :tssuring iliimetli:cte ioniz:ction of the raiiiic strip. 
neon gas. In  ;itltlition, it minimizes tlnrl; c i -  
fect in these neons. 8. 1iepl:lce the Iiigli-volt:ige shield and 

inst:lll tlic crt. 
T o  :mswer ;my quesLin~i tlmt yo11 11i:iy 

have in rcg:trtl to d:iiiger from tliis I-:ttlio- 
:ictive p s ,  MI-. IIouglicrty :lssurcs us that it 

Corrcct your Tnstruction XI:ln~~:ll parts 
list :iud scliem:ttic ns rcc~uired. 

Figure 5 .  
dition of 
circuit o f  

Partial schematic showing the od -  
the 25 k potentiometer to the plate 
V1133A. 

of fers n o  1inz:trtl to service pcoplc or  users 
of cqui~)iiicnt containing S E - 2 3  neo~is. 



100-33 (Zip Code).  a s  u~idcliverablc. Using the corrected ad- the iiiclusion oi Zip Code Sumbers.  

TYPE 31-77 S . ~ I ' I ~ T X G  P L ~ G - I X  
U N I T  - I1 i I ' l iO\~I<I I  SlSE-\ \ . : \ \ -E 
T R I G C E R I S G  

T h i s  modific:ltion iiiiproves the tlispl:~y 
st;il)ility ~vlicn 11-iggering on high-irecpenc!. 
s i n c  tvaves. 

A cli;inge in the trigger circuit supplies 
n means of s\vitcliing to n "lock-o~i" type 
of  triggered opcr:itioii \vIicn displn>~iiig high- 
frequency sine \v:lves. Tliis eliminates the 
d r i f t  in recovery time :ind the sul~seciuent 
display 11re:iIi-up. 

A new front-p;iiicI RECO1717RY control 
Lvith push-11ull s\vitcli rcpl:iccs tlie old 
R E C O \ X R I :  co~itrol. Pulling tlie s\vitcli to 
the O N  position nctivntes the R E C O \ - E R Y  
control to syiicliroiiize the circuit on sine 
waves  a11ove ap1,rosini:itely 30 hIc. l'uslied 
in, the RECO\.EIIY coiitrol ;icti\.:itcs the 
circuit to triggcr on sigmils I,elo\v 30 1Ic. 

Tliis motliiic:11ion is :il~plic:il~lc to Txpc 
3 T 7 7  Sampling Units \\.it11 seri:il nuiiil~ers 
126 througli 839. 

Order  tlirougli your loc:il Tclitronix Field 
Engineer,  Represe11t;itive or Field Oii ice.  
Speciiy l'clitronis Par t  Sumljcr 010-37-3. 

T Y I ' E  6R1 D I G I T  \I< S'T-UG-TS U S T T  - 
PE \I<-TO-1'1; \ I<  11II1IORY \ X I 1  111- 
l 'RO\-ED CO1II'.\II.\TOII C ZRIIS  

Tliis modific;ition rcplnccs the original 
l l c ~ i m q .  :ciitl Siznal Compnrntor cards ~vitli 
new niitl iniprovctl c:\rtls. The  lie\\- c:irds 
o f f e r  s\vitcli selection of Pe:tl;-to-Pe:lli o r  
A \ ~ r a g e  1Ieiiiory, s\vitcli sclcctio11 of E l s t  
01- Slo\v clrnrgiiig r:itc, incrc:isetl 1007;-Zone 
adjustment and iiiiprovctl loiifi tern1 st:ihil- 
ity. 

, . Ih i s  iiiotliiic:itioii is ;~~qllic:il,lc to T>,pe 
OR1 instruiiie~its \\-it11 sci-i:il ~iunibers 120 
througli 994. 1'lc:lse note, Iio\vcvcr, that ill- 
s t r ~ ~ ~ i i c ~ i ~ s  I)elo\v seri:il 1i111ii11er 69.5 must 
l1:lvc the Series 31 l i : i r t c~-  G:itc C':crtl hiod- 
ific;itimi (Tektronix I 'xI-I  S u ~ i i l ~ r  0-10-342) 
insi:illctl Ilciore this ~iiodification is per- 
~ O I - I I ~ C L I .  

Tclitronis part iiimher for  the Pcnli-To- 
Peal; 31eiilo1-y and I~nproved C o m p : ~ ~ i t o r  
C;lrtl I\Iodific:ltion Kit is 010-369. Order 
ihrougli your loc;il Telitronis Fieltl Engi- 
neer, Represent:itive or  1;ield Oificc. 

TI'PE 581 X S D  T Y P E  58.5 OSCTL120 
S C O P E S  - SI121COS R E C T I F I E R  

This rnotlific:ltioii rcpl:ices the ori8inal 
selenium rectifier :issenil~ly I\-it11 a silicon di- 
ode rectiiier ;issenil,ly. This ne\v rectifier 
o i i e r s  I~etter  reli:ll)ility nntl longer life. 

The  niotliiic:itioii also :idtls n fuse in series 
u i t h  one of the X C  1e:itls for  prolection 

This rnodific:ltioii is npplic;il~le to Type 
581 i~istruments \vitli scri:tl i iun~l~ers  101 
tlirough 1300 and Type 585 instr1mcnts \vitli 
serial nu~iilm-s 101 through 3762". Plcnse 
note that this modification tloes not apply to 
instrun~ents that Ii:~\-e had the ~imli i icat ion 
kit "Regul:itetl DC Fi1:iments in the Vcrti- 
cal Ampliiier" inst:illed. 

Order through your local Telttronis Fielcl 
Engineer, Rc1)rescnt;itive or  Fieltl Office. 
Specify Telctroiiis P a r t  S u ~ i ~ l , e r  040-387. 

"Some instruments n-ithiii this serial numl)cr 
raiifie \\ere i:ictory iiiodifietl. :\ visu:il cliecl; 
o i  your instru~ilent tvill determine i i  it is 
one o i  these. 

This ii~odific:ltio~i gives the Type 321 ini- 
11roved vertic:il li~ie:lrity, niini~iiwii :\C-DC 
g:iin cll:uifie ;wtl retlucetl D C  shift. 

volt:icy : ~ n d  11y tlieri~i:iIly I~:lln~iciiig the In -  
put :\iiiplifier. The input protection neon 
is moved fl-om the -1-15-volt supply to 
jirountl. This  I-ct111ces the siiiall "tl:lrli cur- 
rent" in the neon that tends to iiitrotlucc 
tlc shift. 
, . l l ie  motlific:itio~i is ;~pplic:~l)le to Type 

321 Oscil lo~col~cs \vitli scri:cl ni111il1cr.i 101 
tliroiigli 4267. I lo\vcvcr, i n s ~ r u ~ i ~ c ~ i t s  in the 
seri:1l 1i111i11xr range I01 t l i ro~~gl i  719 sl~ould 
have the Kuvistor i\fotlificntion Kit  (Tek- 

tronix P a r t  Xumber 010-309) installed he- 
fore tlie Vertical I h c n r i t y  Iniprovenient 
Modiiicntion Kit (Telitl-onis P a r t  Sumher  
010-377) is installed. 

Order tlirougli your local Tclitronis Field 
Engineer, Represcntat i~e or  Fieltl Oii ice.  
Spcciiy Telitronis P a r t  Nutnber 010-377. 

RELAY R A C K  C R A D L E  A S S E h l B L Y  

This niotliiic:ition provitles a rear sup- 
port cradle for  mounting the listed instru- 
ments in a I~aclilcss relay 1-:1cli hy means 
of slide-out traclis. The  slide-out tr;lclts, 
\vliicli must be ordered separ:~tcly, allo\v 
tile instruinent to be pulled out of the r;lcIi 
like a tll-a~ver and loclied in one o i  seven 
positions; horizont:d, o r  4 j 0 ,  90°, o r  105" 
above niid I)clo\v Iiorizoiital. 

The  modific:ltion is npplicahle to instru- 
ments in tlie follo\ving list. Tlie list also 
gives the slide-out tr:~clis required for  
mountiiig the instrumeiit in a I I ~ C I ~ I C S S  re- 
lay r:lck. 

Instrunicnt Serini Slide-out Track  
S u m l ~ c r  'Scli. P:II-t S o .  

Tvuc 127 30%u11 3.51-006 (1 each) - .  
Type 13131.5 101-ul) 351-006 (1 each) 
Type 526 101-up 351-010 ( 1  each) 

and 
351-011 ( 1  each) 

T e  111.561 101-up 351-050 (1  each) 
T > p e  RlI.iOl.\ 101 to 351-050 ( 1  each) 

10.5 
T y p e  R 3 i 5 6 l A  5001-up 351-050 ( 1  each) 
y e  1 1 . 4  100-up 3.51-050 ( 1  each) 
Type I311617 100-up 351-006 (1  e;icli) 

Order tIi~-oligli your local Telitronis Ficltl 
Engineer, Represent;liivc or  Ficltl Office. 
Spcciiy Tektronis  Par t  Sumber  040-331. 

TYI'E 121 PI3TI \ L I I ' I ~ I F I E R S  - SILT- 
COX r I I : c n I ; I m  

T l ~ i s  niotlific:ition replaces the origin:ll 
selenium rectifier \\;it11 :i silicoii-tliocle rec- 
tifier. The  silicon-diode rectiiier o i i c r s  bet- 
ter reli:hility :uid lo~iger life, 

T h e  motlific;ction npplics to Type 121 in- 
sti-uiiicnts \vitli scri:il numl~crs 101 :mtl up. 

01-der tliroi~gli your local T e k t r o ~ i i z  Field 
J?iigii~ccr, 1iep1-eseiit:ltive or  Field Oii ice.  
Siicciiy Tclitronis I-':~rt Nulnber 040-381. 
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By Larry Reierson, Instructor, Tektronix Product-Manufacturing Training 
Department, in collaboration with Ron Olson, Design Engineer, Tektronix 
Instrument Engineering Department 

T h e  complicated characteristic-fa17zily para~neters for transistors are more use- 
jzd for design pzwposes than for analysis T h e  best analytical tool i s  one that pro- 
vides a l w a n s  of quickly doing a n  adequate job of circztit analysis l o r  troz~ble- 
shooting or evalziatio~z purposes. T h i s  article suggests such a tool. 

When a person thinks of a transistor am- 
plifier, he usually thinks of a transistor in 
a circuit, behaving in some nmlncr that de- 
pends on a set of measurements that have 
been made on the device. These measure- 
ments may be called h-parameter, r-parame- 
ter, or any of many other characteristic 
families. Each has its advantages, but they 
all have common disadvantages to the teeh- 
nician. They are complicated in nature 
and i~ivolve numerous variables. They are 
a means of measuring a transistor's chara- 
teristics, but say little about the circuit which 
uses that transistor. Published parameters 
are very general and, for a given type, 
will vary widely from one unit to another. 

Designers have these variations in mind 
when they design a linear amplifier circuit 
and some type of feedback is usually em- 
ployed in order to make the circuit as inde- 
pendent of the transistor characteristics as is 
practical. Transistor parameters may vary 
50% or more without appreciably altering 
the gain o r  linearity of a well designed 
amplifier. 

As  we will show later transistor parame- 
ters are more useful as a guide by whicli to 
judge the relative merits of one transistor 
against another than as an analytical tool. 
They also give the student of solid slate 
theory some measurable quantities to iden- 
tify, in order to grasp some of the more 
difficult concepts i~ivolved in semiconductor 
action. 

The parameter families are more useiul 
for design purposes than for analysis. The 
best malytical tool provides a means of 
quickly doing an adequate job of circuit 
analysis for trouble-shooting or evaluation 
purposes. 

The approach we are about to present elini- 
inates the use of published data, except for 
Beta. This by no means implies that the 
other parameters are not useful. I t  does say, 
however that it isn't necessary to apply all 
you lanow about trai~sistors to get a general 
understanding o i  how an amplifier works. 
Anyone with a basic knowledge of transistor 
cl~aracteristics and of Ohm's law, will have 
no trouble applying this approach to transis- 
tor ;+mplifiers. 

I<eep in mind that our approach is very 
general and is not intended for  use where 
extreme accuracy is desired. You c m  
espect an accuracy that varies no tnore than 
10 to 20 percent from the true circuit 
values-depending upon how familiar you 
are  with the tr:msistor being used. 

If a transistor is considered to 11e two P N  
junctions connected together, and if we then 
consitler o ~ l y  the junction formed between 
emitter ant1 b ;w ,  \ve find that the E-I plot 
of that junction is roughly that shown in 
Figure 1. Line 1 on the graph is the plot 
of the Base-to-Emitter Voltage -vs- Base 
Current, and line 2 is the plot of I?;ise-lo- 
Emitter Voltage -vs- Emitter Current. I f  
the slopes of the curves are measured at  a 

Figure 1 - Voltage -vs- current graph of the 
Base-to-emitter characteristics of a transistor. 
Line 1 i s  the plot of base current (11,) -vs- 
Base-to-emitter voltage (Vbc). Line 2 is the 
plat of emitter current (I,) -vs- Base-to-emitter 
voltage (VbL). Point "A" indicates a typical 
operating point on the characteristic. With 
a common Vbc, the ratio of I,, to lb at point 
"A" is: l,/lb = B + 1.  Point "B" indicates 
the point at which the transistor goes into 
saturation. The area between Vbe = OV and 
Vh r. , t  is the dynamic operating range of the 
device. The resistance represented by line 2 
at any given point i s  approximately 0.02611,. 
The resistance represented by line 1 at any 
given paint is approximately 0.026JIb. Line 
2 represents the resistance l l g m  and line 1 
represents 1 /gm ( B  + 1 ) . 



common point in voltage (Point  "A") there 
will b e  a considerable difference in tlie two. 
T h e  slope of these curves is actually a plot 
of t h e  dynamic resistance of the junction. 
T h e  resistance shown by line 1 is approxi- 
mate ly  ( P + l )  times that shown by line 2 
f o r  any  point on the curve between the 
or ig in  and point "P". If we can by some 
m e a n s  determine the value of resistance 
represented by one line, and if we kno\vP, 
then  we can find the resistance represented 
by t h e  other line. 

T h e  slope of line 2 at  an); point between 
t h e  origin and point "P" is approximately 
equal  to : 
0.026 
-\vhere I ,  is the DC current at  the point 

I "  
selected. ( T h e  value 0 026/I, is justified in 
t h e  basic physics of the device, and no 
f u r t h e r  explanation is offered.) 

To simplify the powers of ten involved, 
r e n ~ e m b e r  that the resistance shown by line 

2 i s :  
26 

I, expressed in ma. 

26 
( I f  I, = 10 ma, then r ( I  l,,, 2 )  = - = 

10 

N o w  consider what this has to do with 
transistor circuits. Note that tlie slope of 
line 2 on the graph i s :  

( F o r  a transistor in a common base con- 
figuration the slope represents : 

which is input resistance.) 
Assuming the transistor has a very high 

p, the  input current ( ~ 1 , )  will be approxi- 
mately equal to the output current ( 4 1 , ) .  
T h e n  we can say that l i~ le  2 closely approsi- 
mates the plot of : 

is callet~ I n  vacuum tube theory, ---- n 
l/gm, so lets's just call tlie resistance repre- 
sented by line 2 of Figure 1 by the same 
name - I/gm. 

A11 \ve've said so fa r  is that the impedance 
looking into the emitter of a transistor is 
approsim:itel~- ecjual to l/gni of the device, 
and can be calculated b y :  

1 - - - 
gm 

26 

IIC value of emitter current in ma. 

I n  series with l/gm is a small resistance, 
Rlsn, that is made up of the ohmic resistance 
of the leads and the semiconductor material. 
Ri:n usually amounts to about 2 0 to 5 Q. 
( F o r  power transistors the value of RIX may 
be as low as a few tenths of an ohm, \vliile 
some special purpose and low performance 

Figure 2 - Schematic equivalent o f  the emitter 
circuit of a transistor. I / g m  is the dynamic 
resistance o f  the junction due to carrier action 
a n d  RER is the D C  resistance in the leads and 
ohmic contacts o f  the leads within the tran- 
sistor case. 

types may have R1:e's as  large a s  25 a. T h e  
value of 2 Q to 5 i2 fits most modern, high- 
performance, metliun-po~ver transistors.) 
For  very low values of I,., Rrn c;un be neg- 
lected since l /gm will be fairly high. Now- 
ever, i f  tlic transistor is operating at several 
ma of  emitter current, l31:ii beco~nes :in 
appreciahle part of the total resistance from 
emitter to base, and must be atltletl to l/gm. 

Figurc 2 sho\vs \ v l ~ \ t  the trausistor looks 
like het\veen emitter :uld base. T h e  sum of 
R,:li + l /gm is an opcr;lting charncteristic of 
the device we shall call "transresistance". 
The  notation for  transresistance is st,.  

A n  example of the app1ic:ition of this idea 
to circuit analysis can be seen by referring 
to the diagram in Figure 3 ( a ) .  

Asstiiite the DC ofio-nting fioi~zt hns hem 
solved for. 

Since the driving voltage is on the base, 
the (11-ive \vill be impressed across tlie trans- 
resistance of the device. KO\\., if we ignore 
the small error  due to base current, (assume 
i, = i,) vie have the relationship: 

( I  v - Vou t 

r t r  RI. 

From the relationship in ( 1 )  we obtain: 

T h e  equivalent of the circuit in  Figure 3 
( a )  is sliolvn in Figure 3 ( b ) .  

F o r  degenerative circuits, such as that 
sliolvn in Figure 3 ( c ) ,  the input voltage is 
developed across the transresist:incc :lntl R,. 
in series. ( T h e  equivalent of the tlegenera- 
tivc circuit is shown in Figure 3 ((I) . )  The  
fortnula for  voltage gain in this circuit i s :  

\\%en R, is large with respect to s t , ,  the 
gain is simply : 

Figure 3 - ( a )  Common emitter voltage amplifier showing location o f  input a n d  output terminals. ( b )  Equivalent circuit o f  3 ( a )  shows v,, 

impressed acorss rt,. That voltage causes current through RL that  is approximately equal  to the current through rt,. Hence: v ~ t / V , ~  A, = 
RL/rt,. ( c )  Common emitter ampli f ier  using degenerat ion in the emitter. ( d )  Equivalent circuit o f  3 (c )  showing Re in series with rt, in the 

signal path. Vo l tage  ga in  for this current: A,. = Rdr l i  + Re. 

@ 1964 Tektronix, Inc. 
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By Sandy Sanford, Field Engineer with Tektronix 
Product Information Department. 

S i g n a l  p e n e t r a t e  both 
l e v e l s  once each c y c l e  

-7 Reset Leve l  
+201.2 v  

INPUT VB G A I N  f o r  TRIGGER SHAPER 
MULTI V20 

+200 v  L T r i p  L e v e l  

C 
\ VB ( p i n  1) p l a t e  v o l t a g e  w i t h  

bo th  g r i d s  of  VB a t  ( o r  n e a r )  
0.0 v o l t s  d c  ( r e f e r e n c e d  t o  
ground) .  

Figure 1.  Graphic illustration of the three basic requirements of the trigger system; points a ,  b and c of this article. 

Here  is a systematic step-by-step atljust- 
merit procedure wliicli will increase tlie 
length of time bet\wen necessary recali- 
brations of tlic MAIN S\\ 'EEP trigger cir- 
cuits. As you \vorli your way through tliese 
ad jus tme~~t s ,  any defective component or bat1 
tube will be noticctl-making your trouble- 
shooting easy. 

Ry using t l~ i s  system you will satisfy 
three basic requirements of tlie trigger 
system : 

a. Right-hand plate of V8 must not move 
up or down when grids of 178 are in- 
terchanged by turning the S L O P E  
switch. 

b. Trip voltage level of tlne bistable 
multivibrator, VZO, must be set to a 
few ~nillivolts above the plate voltage 
of V8 as found above. 

c.  \\'itlth of tlie bistable ~nul t i  hysteresis 
gap (difference in volts be tuwn tlic 
"trip" level and the "reset" level) 
must be set to about 1.2 volts. 

I n  general, procedure set down here can 
be  used to adjust siniilnr trigger systems in 
many Telitronis oscilloscopes. The speciii- 
cations will turn out to be different 1x11 the 
basic functions performed by each trigger 
svstem will be about the same. 

I .  Preset the front panel controls as fol- 
10\m : 

A. Sweep TIME/CM - 1 msec 
B. ST.4BILITY control - Triggerable 

range (free-run less 10 degrees). 
C. TRIGGER S L O P E  - +EXT.  
D. TRIGGERING MODE - DC. 

11. Set TRIGGERING L E V E L :  
A. Connect 20,000 olims/\~olt meter (first 

on 6 v range - then on 12 v range) 
across plates of trigger ;uiiplifier, pins 
1 and 6 of 118. 

I3. Turn TRIGGERING L E V E L  con- 
trol until meter reads "0". 

C, Change S L O P E  switch to -EST.  

D. Meter will read up scale or down scale. 
(If  meter reads down scale, reverse 
tlne 1e:itls.) 

E. Voltage re;ding (on 12 v range) : 
1. Turn TRIGGERING L E V E L  con- 

trol to i/L previous volt:~ge re:ding. 
2. Now, moving from + E S T  to 

-EXT sliocrld cause no change in 
voltage rexling. 

I:. Verify that white dot on TRIGGEII- 
I N G  LEVEL knob is opposite tlie ell- 
graved Zero on tlle panel. If not, cor- 
rect by loosening Iitiob. 

IIT. Check for grid current: 
A.  \Vith TRIGGER S L O P E  -(-EST 

1. Short E S T  TRIGGER I S P U T  to 
ground (use 47-61 resistor). 

2. ?deter should move less t1i:un 100 niv 
(0.100). 

13. With TRIGGER S L O P E  - E S T :  
1. Check for grid current as :~bove. 
2. Replace tube if grid current is too 

liigln. 
IV. I N T E R N A L  TRIGGER DC L E V E L  
ADJ : 

r\. Tic the vertical amplilier input to 
ground. 

I!. Move spot to center of crt \\.it11 HORT- 
%ONTAI> P O S I T I O N  control. Verti- 
cally position the spot or trace to tlie 
1iorizont:d center-line of grnticule. 

C. Set TRIGGER S L O P E  to + INT.  
D. Turn INT.  TRIG. DC L E V E L  ADJ. 

pot until nieter indicates voltage ob- 
tained in step 11, E ,  2. 
Note: Shifting from + I N T  to -1NT 
to + E S T  ~o - E S T  slnoultl cause no 
change in metcr voltage re;ding. 

\'. TRIGGER I.E\'EL C E N T E R I S G  : 
:\. Turn TRIGGER S E N S I T I V I T Y  pot 

to mid-range. 
I!. Turn TRIGGER L E V E L  CENTER-  

I N G  pot : 
1. Cloclcwise to reset the Schmitt cir- 

cuit (V20). 

2. Slowly counter-clocliwise till Schmitt 
circuit 11:1s just triggered (this is 
iutlicnted by one strolce of the sweep 
generator). 

C. T f  more than one stroke occurs, or if 
the Sclumitt circuit triggers for both 
clocliwise antl counter-clockwise rota- 
tion of tlic TRIGGER IXVEI, CEN- 
TERTKG P O T ,  turn tlie TRIGGER 
S E N S I T I V I T Y  pot I s o  or 20' 
counter-clocliwise from mid-range and 
recheck TIITGGEII L E V E L  CEN- 
TERING.  The Sclnniitt circuit tube 
may need to be replaced. 

D. Remove nieter leads. 

VI .  TRIGGER S E N S I T I V I T Y :  

11, Connect 200 tnv c;llil~rator square wave 
to VERTICAL I N P U T  und to E X T  
TRIGGER input. 

13. Set vertical VOLTS/CM switch for 
a 2 cm display. 

C. Reduce ac input (oscilloscope's line 
voltage) to 10s volts-or to a line 
voltage which just liecps all regulated 
power supplies functioning. 

11. Adjust TRIGGER L E V E L  control 
slightly ; system should trigger smooth- 
ly on 200 mv EXT.  Square wave. 

E .  Clicclc t1n:lt tlie trigger system will xo t  
trigger continuously on 100 mv-even 
with very c:ireful :~djustment of the 
TRIGGERING L E V E L  control. 
S o t c :  If oscilloscope triggers on 100 
mv, turn TRIGGER S E N S I T I V I T Y  
counterclocliwise 15' to 20" and re- 
cliecli. Return oscilloscope's line volt- 
age to 117 volts antl again check the 
TRIGGER circuit for proper opera- 
tion. 

VI I .  P R E S E T  STABILTTY: 

Folio\\- procedurc given in Instruction 
hlanual. 



Some Type 526 Vectorscopes have exhib- 
ited quadrature-phase-&if t problems. The 
seat of the trouble seems to be L264, a 15- 
to-27 pli coil in tlie quadrature p1i:lsing cir- 
cuit. In sonic environinents lliis coil will 
absorb moisture during tlie periods tlie in- 
strument is not in operation. The effect of 
L264 on the circuit will vary according to 
tlie amount of molsture ah\orbcti antl drift 
will occur as the heat froiii the instrunient 
drives mo~sture from the coil during periods 
of operation. 

Installation of a newly-designed nioisture- 
resistant coil in tlie L264 position will help 
to correct this difficulty. For Type 526 in- 
struments with serial numbers 101 through 
511, with the esccptions of numbers 439, 477 
and 492, specify Tclitronix part number 050- 
210. For instrumc~;ts with serial number 
512 and up (and also serial numbers 439, 
477 and 492) specify Tektronix part number 
114-163. Order the new coil through your 
Tektronix Field Engineer or local Field 
Office. 

Sornetitnes a Type 317 Oscilloscope will 
exhibit 120 .cycles of ripple on the trace 
when the VOLTS/DIV switch is in tlie 10, 
20, or 50 11w A C  position. This may be due 
to :I grountl loop between C154 ( a  500 pfd,  
E T M  c;cp:icitor in tlie preamplifier circuit) 
and ground. Placing a short juniper between 
Cl54 and the front panel reduces tlie amount 
of ripple. By lifting the can of C154 above 
ground at its grounding stt-;cp antl then run- 
ning a separate ground from Cl54 to the 
shield of the Vertical Volts/Div switch you 
will completely eliminate the probleni. 

Do you have a stul~born problem of 60 
cycle ripple in the 100-volt supply of your 
Type 54.5 Oscilloscope yet everything seems 
to check out as normal? If you do, try 
separating the common cathode antl lila- 
went ground of V742, a 6AU6 tulle in the 
low voltngc power supply. Re-connect tlic 
filament lead to a scp:irate grountl lug of 
the tube socket. Sometimes, \\.lien the cath- 
ode antl fil:uiicnt of this tube share tlie 
same grountl lug, osidntion will occur be- 
tween the grountl lug and the chassis and 
allow the iilament to modulate tlie cathode. 

1'J-1'17 .i02 OSCIT.1-OSCOPI: - LO\\. 
~~1~Ix~~~I~:s~I- IITs'roI<rl-l ox 

The recalibration instructions in tlie Type 
502 Instruction Manual, untlcr step 29 (Feed- 
b : ~ k  Bal. Adj.) ,  Figure 6-10 shows a 
typical low-frequency squ:ti-e-vmve distor- 
tion. A simple modification will eliminate 
this distorlion. 

Tlie distortion comes from the trigger 
pick-off cathotle follower tube (V493) in 
the Upper and 120wcr-Beam Vertical am- 
pliIiei-s. Being single-ended, V493 produces 
a sm:dl ch;uige in current through the de- 
coupling resistors I1685 (or R686) when a 
s i g d  is applied to tlie vertical :unplifier. 
This cli:ln:,.e in current affects the nominal 
+lo0 volts enough to a u s e  tlie distortion. 

Tlie modification returns the plates of 
V493 directly to the 4 1 0 0  volt supply 
(ratlicr than through the decoupling net- 
work) antl eliminates tlie difficulty. 

Here arc tlie instructions for making the 
modification : 

Note: Follow this same procedure for 
both tlie Upper and Lower Beam Vertical 
Amplifiers. 

Locate tlie two 1% resistors soldered 
to pin 1 of V493. ( T o  make wiring 
easier, tempor;lrilp unsoltler these re- 
sistors from pin 1 of V493 antl bend 
them back out of the way.) 

Unsolder the wliite-brown :md tlie 
wliite-broun-lll:lck-bro\vn wires irom 
pin 5 of V493. 

Unsoltler the Inre  wire soldered to pin 
2 of V493 antl cut it off where it con- 
nect\ to pi11 6 

Solder the two wires unsoltlered in 
Step 2, to pin 2 of V493. 

Solder one end of a length of #24 
\vhitc-l~ro\vn strantled wire to pin 5 of 
V493. Dress it along the uiitfersitle of 
tlic cable leading to tlic 4 1 0 0  volt tle- 
coupling circuit (R685 and C685 or 
R686 ant1 C686). 

Solder tlie other end of the #24 
white-11rown str;lntlctl wire to the 4-100 
volt supply at  ilie rear of 1168.5 or R686. 

liesolder the t ~ v o  resistors unsoldered 
in Step 1. 

Correct tlic sc1iem:ztic in your m:uiual 
to conform to the work you have just 
done. 

9. Refer to your Instruction Manual for 
the proper procetiurc and readjust the 
Feetlbacli-l3al-Adj. Disregard Figure 
6-10 in the manual. 

The probe head of the P6038 Direct 
S;uiipling Prohe (specilically designed for 
me with the Type 3S3 and 4S3 Sampling 
Plug-111s) contxins some rather delicate 
p:lrts. These 11:u.t~ are critically arranged 
with some tolerances ;is close as 0.005 inches. 
Even tlie replacement of the diodes niust 
I)c (lone \villi c:u-c and a jeweler's touch lest 
tlie diode clips be sprung. W e  suggest that 
f'6038 prol~es in need of repair be returned 
to tile factory via your local Tektronix 
Field Office. Here a t  the factory we have 
the necessary align~nent jigs antl special 
techniques to do a quick and efficient re- 
pair job. 

Ar t  Raier, Maintenance Technician with 
the Telitronis Canada Lttl's Toronto Serv- 
ice Center, offers the following suggestion: 
Take a three or four inch length of I/e" 
'Teflon tul~ing antl insert it in an ear syringe. 
l'liis combination tilalies a useful tool for 
removing un\v:~ntetl or excessive solder 
fronl connections and solder holes. I t  is 
p;u-titularly useful when replacing com- 
ponents on ctclied circuit bo:1rtls. The tool 
can be used to eitlier suck or blow the un- 
w;uited solder away from tlie connection. 
The heat resistance of the Teflon tubing is 
such that it will not melt from the solder- 
ing iron heat. 

Tlie P M E  I.ab at  Ent Air Force Base 
in Color;ldo Springs, Colot-;~lo, reports a 
potential pro1)lcm when using oilier than 
Telitronis crt's in Telitronis instruments. 
I n  the General Atronic's crt for the Typc 
54.5 Oscilloscope, pins 8 and 9 are shorted 
intcl-nnlly. If this crt is installed in tlic 
Typc 53j.A Oscilloscope, there is a good 
cliance of burning up the Astigmatism con- 
trol-which they did ! 

Tlie people at the PME La11 suggested 
that :t note 1ie1-e in SERVICE SCOPE 
might prevent otlicr Air Force Bases from 
making a siniilar mistake. 



TYPE 310 A N D  T Y P E  310A OSCILLO- 
S C O P E S  - TRIGGER PROBLEM 

I f  your Type 310 or 310A Oscilloscope 
reveals a lack of trigger capability after 
about  ten minutes of operation, try replacing 
C671. This is a 0.01 pfd, 400 v, PT capacitor 
in the  +300-volt circuit of the low-voltage 
supply. \\'hen it becomes leaky it can 
cause the difficulty described here. The 
replacement capacitor should be of the same 
value and of Mylar or Di-Film romtrzcc- 
tion. The recommended replacement is Tek- 
tronix part number 285-511. Order through 
your  Telctronix Field Engineer or local 
Field Office. 

T Y P E  527 TELEVISION WAVEFORM 
MONITOR - A P P A R E N T  DOUBLE 
TRIGGERING 

Rick Ennis, Telctronix Field Engineer 
with our Greensboro, North Carolina, Field 
Office, calls our attention to a situation in 
which a Type 527 will appear to be dguble 
triggering. One of Rick's customers was 
interested in vertical-interval testing. How- 
ever, when they attempted to monitor the 
signals with the DISPLAY switch in the 
V I T  position, the Type 527 appeared to be 
double-triggering. They could not see the 
standard one or two interval test signals. 
Instead they noticed either two or four 

interval test signals. \ \ha t  they were seeing 
was the half-line interlace since the Type 
527 was triggering at  tlie field rate. T o  one 
not aware of this situation it does appear 
that the Type 527 is double-triggering. 
Much time cah be wasted trying to correct 
the situation. As Rick explained, the 
indication was not double-triggering but 
in effect a meaure of the interlace. 

T o  view the V I T  signal you should go to 
the T W O  F I E L D  position and set the 
MAGNIFIER to X25. This will show a 
single vertical-interval test signal. 

T Y P E  533, T Y P E  RM533, T Y P E  543, 
A N D  T Y P E  RM543 OSCILLOSCOPE- 
S I L I C O N  R E C T I F I E R  

This  modification replaces the selenium 
rectifier SR752, used in tlie Vl52 heater 
supply, with silicon-diode rectifiers. The 
new rectifiers offer longer life and greater 
reliability. There is a difference in the volt- 
age  drop across tlie silicon rectifier and tlie 
selenium rectifier it replaces. T o  compensate 
f o r  this difference a resistor is added in 
series with the silicon diodes. 

Order through your Telctronix Field 
Engineer or local Field Office. Specify 
Telitronix part number 040-389. 

N O T E :  You may replace the remaining 
selenium rectifiers with silicon rectifiers in 
the  above instruments by ordering Modifica- 
tion Kit 010-240. 

T Y P E  81 PLUG-IN ADAPTERS - 
G E N E R A L  I M P R O V E M E N T S  

This modification enhances the perform- 
ance of the Type 81 Plug-In Adapter by: 

Improving the transient response. 

Decoupling power supply aberrations 
from the plug-in units. 

Eliminating parasitic oscillations in the 
Type 581 or Type 585. 

Eliminating the 75-volt supply oscilla- 
tions which occur ~vlien using certain 
plug-ins. 
Changing several components in the 
Vertical Amplifier. 

Adding dccoupling to the plug-in power 
supplies. 

Changing two transistor types. 

Elevating the plug-in filament supply. 

Increasing the amplitude of tlie Alternate- 
Trace Sync pulse. 

The modification applies to Type 81 Plug- 
In Adapters with serial number 101 through 
4092. 

Order through your Tektronis Field Engi- 

neer or local Field Office. Specify Tek- 
tronis part number 040-371. 

T Y P E  RM647 OSCILLOSCOPE-RACK 
M O U N T  R E A R  S U P P O R T  

This nlodification supplies a rear support 
for the Type RM647, making it capable of 
witlistanding 4G's of v~bration. T o  com- 
plete the installation, the instrument must 
be fastened to the front rack rails \v~tli the 
RELEASE knobs and four screws 

This kit replaces Rackmount Rear Sup- 
port Kit part number 016-065. 

Please note, if the instrument is mounted 
in a backless rack using Relay Rack Cradle 
Assembly 040-344; or, if slide-out extensions 
are used, tlie instrument will not meet the 
4G-vibration specification. 

Order througli your Tektronix Field En- 
gineer or local Field Office. Specify Telc- 
tronix part number 040-394. 

T Y P E  RM565 A N D  T Y P E  RM567 
OSCILLOSCOPES - RELAY RACK 
CRADLE ASSEMBLY 

This modificatioll provides a rear-support 
cradle for mounting a Type RM565 or 
Type RM567 instrument in a backless re- 
lay rack on slide-out traclcs. The slide-out 
track assemblies are not includcd in the 
modification. They must be ordered sepa- 
rately as follows: 

Instrument Quantity Part  Number 
RM565 and 1 pair 351-055 
RM567 

The slide-out tracks allow an instrument 
to be pulled out of the rack like a drawer. 
When pulled out, the instrument can be 
locked in any one of seven positions: hori- 
zontal, or 45", 90", or 105" above and below 
the horizontal. 

The modification Itit includes a detailed 
drawing giving all dimensions necessary to 
design a relay rack to support these instru- 
ments. 

Order through your Telctronix Field Engi- 
neer or local Field Office. Specify Tek- 
tronix part number 040-316. 

SOME CORRECTIONS 

In the April, 1964 SERVICE SCOPE,  
the schematic on page 4 contains an error. 
The voltage to which the plate loads of 
6DJ8 are returned is shown as +225 volts. 
Lf this were true, the T12G diodes would be 
held at  about 74 volts and quiescently the 
6DJ8 plates would be at  about 205 volts. On 
receipt of a trigger large enough to cut off 
one half of the 613J8, the other plate xvould 
fall to about 185 volts. This would leave 
the diode back-biased by more than 100 
volts and no signal could re:di tlie trigger 
multivibrator. M'e don't believe the diode 
would like it much. either. 

The voltage to which the plate loads of 
the 6DJ8 should be returned is 100 volts. 
Quiescently, then, the plate will sit at about 
80 volts back-biasing the diode by some 5 
volts. A trigger signal can then cause one 
plate to fall to nearly 60 volts allo\ving up 
to n 10-volt signal to reach the multivibrator 
-or had you already figured this out for 
yourself ? ! 

In  tlie October, 1961 SERVICE SCOPE,  
a typographical error occurred twice in the 
"Cntliodc Follower" article. On page 3, 
center column, the sentence "Thus electrons 
31-e tlra~vn away from CI, more r;cpitlly than 
they n;ould if CI, were a1)sent". The first 
Ct, in this sentence should read C,,. 

Reading on lusther (nes t  sentence) "The 
action continues during the plate-voltage 
rise of V,-ench it~crcase in plate voltage 
causing a corresponding rise in voltage at 
tlie tap of Rr. so that electrons can I x  drawn 
rapidly away from Ct,". Here, again, CI, 
sl~ould be clianged to C,,. This is the capaci- 
tance I\-hicli we are interested in changing 
Lerminal voltage on in a short period of time. 



TEKTRONIX ANADA LTD. ANNOUN 

Because we are interested in our cus- 
tomers and  the ease with which they 
may d o  business with us, Tektronix 
Canada Ltd. will absorb the p.0.e. 
(point-of-entry ) -to-destination freight 
tariffs on Tektronix instruments pur- 
chased by our Canadian customers. 

Prior to now, instrument prices were 
quoted f.0.b. point of entry (Toronto, 
Montreal or Vancouver) with the cus- 
tomer responsible for the expense of 
delivery from there to his location. 
Thus, the total cost of an instrument 
laid down at  the customer's location 
could be a t  considerable variance with 
the quoted price. 

The new price policy offers you, the 
customer, several distinct advantages : 

You will find your purchase and 

budget planning problems considerably 
eased in so far as Tektronix instruments 
arc concerned. 

You will, with the quoted price, 
know the total cost of obtaining that 
instrument - no longer will you need 
concern yourself with bothersome in- 
surance rates and difficult-to-figure 
freight charges. 

You will be relieved of the necessity 
to initiate and process possible claims 
for instruments damaged in transit. Al- 
though Tektronix has in the past volun- 
teered to assist customers in this regard, 
it has until now remained an  irksome 
chore that was primarily the customer's 
responsibility. Now, should you be un- 
fortunate and receive a Tektronix in- 
strument damaged in shipment you 

need only to notify Tektronix Canada 
Ltd., and the carrier handling the ship- 
ment. Then. hold for their insnection 
the carton and packing material in 
which the instrument was shipped. Tek- 
tronix guarantees delivery of a com- 
pletely satisfactory and damage-free 
instrument. 

I n  making this announcement we 
have saved the most important news 
until the last. A steadily increasing vol- 
ume of Telctronix instruments shipped 
to Canada now allows us to route our 
freight to Canadian points-of-entry on 
a consolidated basis - and at  some 
saving in expense. This s a v i n ~  we are 
passing on to you by mak~ng the 
F.0.B.-DESTINATION price policy 
available without an increase in in- 
str~lment prices. 

TEKTRONIX CANADA LTD. ~xoc~ucts,  which so nicely complenient pletcly serve your electronic-instrument 
the Tektronis line of instruments, will needs. 

REPRESENTS allow your Tclctronis Canada Ltd. The Tektronix Canada Ltd. policy 
Fielcl Representativc to more com- of continuing assistance with any prob- 

ROHDE AND SCHWARZ 

You can now enjoy for your Rolide 
and Schwarz instruments the same high 
degree of service, assistance and baclc- 
up support that you expect for your 
Telctronis instrunients. O n  Octobcr 1: 
1964 Tektronis Canada Ltd. assumed 
the responsibility for the sales and serv- 
icing of 12ohde and Sch~varz products 
in Canacla. 

Rohdc and Schwarz, a West Ger- 
many-based electronic instrument man- 
ufacturer, enjoys an excellent world- 
wide reputation. Typical products are 
signal generators, impedance measuring 
dc\iccs, frequency standards, etc. These Mcllc Zcgel 

. . 
lerli in\,olving oscilloscopes - selection, 
operation, application, maintenance or 
modification - has been extended to 
include I<ohde and Schwar/ instru- 
ment\ 

Melle Zegcl, who recently joined 
Tehtronis Canada Ltd., brings with 
him a \ast fund of information and a 
comprehensi\ c kno~vlecl~c of Rohdc 
and  schwa^/ instruments. Melle re- 
cently spent six months at  their factory 
in Munich familiari-/ing himself with 
new instruments and attending their 
service and training school. The benefit 
of Melle's information and evperience 
is a\  ailable through your local Tek- 
troniu Field liepresentative. Please con- 
sult Melle and your Tektronix Field 
Representatibe whenever there is a 
need. They and Telctronix Canada Ltd. 
welcome cvcry opportunity to assist you. 





Editor's N o t e s  

Tlze basic concepts rcviczwcd in this 
article apply to  all sa inp lkg  ifzstrzc- 
nlci~ts  T h e  iuf o r i ~ a t i o i ~ ,  however, as  
it i s  preseiztcd lzerc w a s  developed 
aroui~d tlzc calibratiofz of tlze Te f i -  
tro~zix  T y p e  4 S 1  Dual-Trace S a m  
plilzg U n i t  I t  i s  directcd principally 
toiuard tlzosc zulzo, .rulzef~ exposed to 
samplifzg tcc l z~~iqucs ,  feel the w e d  for 
a bit illore sltpport By devclopifzg a 
fiillci. zt~ldcrstaiditzg of tlzese impor- 
tatlt feattires of fzwzdameiztal coi~ceriz, 
the attt/zor lzopes to supp1y this sup- 
fort am' t o  dispel tlzc ~ced1e.s.s fear of 
sairlplii~g that .scci~~.s to lzovcr i n  tlze 
iuilzds of .soiue 

This article has been prep;ired for  those 
involved in the c:~libratioti o i  the Telitronis 
Sariipling Units, witli the Typc  I S 1  Dual- 
Trace Sampling Unit being used as an e s -  
ample. I t  is  intended to dissolve :L few or- 
dinary misgivings a l~out  approaching the 
unit and to outline an orderly and effective 
method of system diagnosis :uid tre:ltiiient. 
You slioultl malie nn c f ior t  to tliorouglil~ 
understmd wli:it each adjustment acco~ii- 
plislies. Once you attain this ol~jective, you 
will no lo11gcr need to rely on detailed 
instructions to calilxlle tlie instrument. You 
sliould find it possil~le to  periol-m all the 
necessary :~djustmcnts on a Type 4S1 in a 
very few minutes. I'eriorming all the 
clieclts that  insure tlie inslru~iietit meets 
original specific:itions may, llowever, t;iIi~ 
an hour o r  more. 

Patrick B. Gee 

Tektronix Field Maintenance Engineer 

TABLE I 

Escellcnt p e r f o r m a ~ ~ c e  should not he e s -  
pected from r;\ntlom adji~stments. Ii;ltlicr, 
:ui ortlerly and sj.stematic :~p~)roncli must be 
talien to rcstorc the Type 4S1 to its proper 
c1i;iracteristics. Adjustnient is neitlicr :i tlii- 
Licult 110s :ln estrciiiely simple thing to do. 
ii i c \ ~  :djustmcnls, 11cc:luse they Iinw :111 

effect on ~evcr; i l  different cliarnctcristics 
(all o i  \\.Iiicli we \visli to lioltl \vitliin spec- 
ified limits), confound the rec:1libr:1tion. 
Tlic c1i;trt (see T n h k  1)  slionrs the :djust-  
lncnts thnt have an c i iec t  on sevcml dif- 

ferent clinracteristics. Your pri~icipal objec- 
tive should be to first diagnose the ills by 
knowing tlie sj~rnpto~iis, select the most suit- 
able re~netly, and t l ~ e , ~  perform tlie operation 
you have selected. 

Let's review some basic s;u~iiplitig concepts 
witli the intent of learning what c1iar;icteris- 
tics a re  c1i:itigcd by each :ltljustmcnt within 
the s:impling "1ie;d". First  of all we sliould 
Iiave a good u n d e r s t a ~ l i ~ i  about ~ t l i ~ ~ f i l i t ~ g  
cfjicirt~cy which is ;I measure of signal 
transfer across the bridge diodes sampling 
g:\te. Consider tlle di;lgram shown in Figure 
1. Our  purpose in ope~iing tlie s;uiipling 
gate is to permit the s:cmpliiig c;lpacitance 
(C,) to "see" the input sign:xl for  :t small 
period of tinie, tlie duration of the snrnple 
being a limiting f : ~ t o r  of system risetime. 
(Instrument risetinie can be no faster t1i;in 
the length of time the sampliiig gate is 
open.) \\'e Imow that it invariably takes 
some time to fully c1r:irge ;i capacitor 11c- 
c;iuse the source :111d current 1mtl1 Iin\.e 
imped:uice. T h e  pre-atiiplifier Input cnpnc- 
itnnce ( f requent l~  cnllctl the s:~rnpli~lg c;lp:lc- 
itance) in tlic Typc 4S1 ~ 1 1 1  cllarge to 

Figure 1 .  Schematic of o simplified sampling. 
bridge gate. 



n;noo>, 

o n l y  about 25% of the difference in voltage 6 l l e  gate with only one sample. The  method 
a c r o s s  the sampling gate in 0.35 nanosec- used here is to amplify the change in volt- 
onds .  This percentage is referred to as the age on the sampling capacitance and add the 
sampling ef f iciencp. amplifier voltage to this capacitance be- 

- 

Figure 2. Waveform of the exponentiol in- 
crease in the sampling-capacitance charge 
with each successive sample, when very few 
samples/division are taken. 

Since tliis capacit:mce will not be ~11s- 
charged between samples, we would expect 
t h e  charge to increase exponentially u i t h  
each succe5sive sample a s  sliown in F ~ g u r c  
2. Our  system uoultl tlien reconstruct a 
pulse with severe rolloff even from an infi- 

volts on tlie first sample. Between samples 
we could an~pl i fy  the charge with an am- 
plifier having a gain of four antl feed hack 
this one-volt signal level to the sampling 
capacitance for  a period of time that permits 
full transfer of the charge. \\re then end 
up with the required one volt across the 
s:unpling cnpacitance. Now we can cliange 
the number of samples per division and the 
trmsient  response of the observed waveform 

Figure 3. Tektronix slide-back, feed-bock sampling system. 

nitely fast step function if very few samples sliould re~nain  tile same. \\.e could say, 
per division were taken. The  rolloff would then, tliat our "dot transient response" is 
become less obvious, of course, if more correct since we have a gain of exactly one 
samples per division of 11orizont;~l deflection tl~rougli the entire loop wlien referred to 
were talcen. F o r  example, if 10 samples the input signal. (Remember, though, tliat 
were required to fully charge the sampling this required n goill of fozo. when referred 
ca~acitance,  the rolloff \voultl he evident for  to the charge on the sampling capacitance.) 

cause the sampling capacitance to become fied feed-back being greater than unity. 
S J i - Y C u 4 . ? r ' & o  4 e 'THE C.?.?OX V d i r f i Z - B  

Obviously then, anything tliat we do within 
the sampling loop tliat changes either Sam- 
pling eff~ciency o r  gaiu within the loop will 
a150 change dot transient response. In  other 
words, dot t ramie t~ t  response is  a fxnction 

i 

of both s o ~ i ~ p l i n g  r f f ic irncy nnd loop gain 
Suppose that the product of sampling ef- 

ficiency :uid the amplified feedback signal 
were to equal more than unity. Our pres- 
entation would tlien appear to h w e  over- 
shoot and/or ringing as sliown in Figure 
3. This is just a s  undesirable a s  the rolled- 
off presentation sllown in Figure 2. 

The  four-diode sampling gate perfortiis 
a few functions which require further ex- 
planation. During quiescent conditions the 
Kate is closed so that the signal cannot pass 
through. T o  do this, we back-bias the gate 
with a positive antl negative dc voltage of 
approximately two v o I t s .  T 11 e dynamic 
range of the gate is limited by the tiiagni- 
tutle of tliis 11 01 d o  f f b i:i s ( B R I D G E  
V O L T S )  ; a signal greater tlian two volts 
might overcome the holdof f I~ ias  ant1 im- 
properly c1i:u-ge the sampling capacitance. 
A trigger pulse from the timing unit initi- 
ates tlie generation of tlie strobe pulse ( to 
open tlie catiipling gate) and the memory 
gate pulse ( to open the 1iwnory gate). The  
amplitude of the narrow strobe pulse riiust 
be sufficient to rise above tlie holdoff 
bias for  a period of time T ,  thus forward 
biasing tlie bridge diode gate :is sliown in 
Figure -5. A n  increase of strobe ampli- 
tude will usually cause an increase in sam- 
pling efficiency because the sampling ca- 
pacitance has longer exposure to the in- 
put signal and therefore can charge to a 

Fig. 5. The narrow strobe pulse rises above 
holdoff bias for a period of time "T" to for- 
ward bias the bridge-diode gate. 

higher voltage. Also, a higher strobe am- 
plitude will cause the diodes to exhibit a 
lower impedance during tlie sampling inter- 
val. T h e  gain required through the am- 
plifiers and feetlbaclc attenuators to yield 
:L loop gain of unity (correct dot transient 
response) is the reciprocal of sampliug e f -  
ficiency, so we  would need to reduce loop 
gain to compensate for  an increase in 
sampling efficiency if we  were to  niain- 
tain proper dot  transient response. Note 
that a reduction of B R I D G E  V O L T S  
(keeping strobe amplitude constant) could 
cause a s i ~n i I a I- c l i a n g e  i n  sampling 
efficiency 



A few words are in order concerning the 
generation of strobe pulses. A trigger pulse 
from the 5T1A timlng unit causes the nor- 
mally forward-biased snap-off diode to bc- 
come reverse biased by a reverse current of 
high and relatively constant amplitude. A 
peculiar characteristic of the snap-off diode 
is that this large reverse current ends very 
abruptly (within a few picoseconds) and the 
snap-off diode becomes a very high imped- 
ance. The reverse current that was flowing 
down the 50-fi shorted transmission (clip) 
line in trying to continue to flow, produces 
a voltage pulse of short duration that ovcr- 
comes the back bias on the sampling gate 
and causes the diodes to conduct. When all 
the bridge diodes are conducting, they repre- 
sent a low impedance path for the input sig- 
nal to get to  the input preamplifier. When 
the voltage pulse is reflected (after about 
0.35 nanoseconds) due to current traveling 
in the shorted clip-line, the sanipling gate is 
returned to its reverse-bias condition thus 
locking out the input signal once again. The 
combined snap-of f diode and clip-line action 
produces a very fast rising and falling pulse 
of a very short controlled duration. A n -  
plitutie of reverse current in the clip-line is 
determined by the stored cliarge in the diode 
which is a function of forward S N A P -  
O F F  CURRENT.  Reverse current must 
be sufficient in ulagnitude so that the volt- 
age created while it travels in the 5 0 4  
clip line is more tlian enough to overcome 
the holdoff bias on the sampling gate. 

Let's refer acain to Figure 3 and review 
some of the primary objectives here which 
are : (1) charge C, to the amplitude of the 
input sigual as much as possible during the 
useable period of the strobe pulse to increase 
sampling ef ficiencp, (2) feed back an am- 
plified version of this signal between san -  
ples to charge C, to the full level of the 
input signal, (3) simultaneously cliarge C.. 
to a value proportional to the input signal 
level and permit C2 to retain this charge 
long enough for us to observe low rep-rate 
signals. 

The voltage on the Meniory Capacitor is 
proportional to the input signal and is used 
to drive the scope's vertical atnplifier. T o  
deflect the dot a given distance with a 
larger signal at the input requires attenua- 
tion of the larger signal before it is applied 
to the Memory. In otlier words, the Memol-y 
output signal will normally always be pro- 
portional to tlie deflection it causes. Stray 
capacitance and other factors proliibit using 
;I switclied altenuator at the input connector 
for  reducing the deflection sensitivity. I t  
is more feasil~le to use an attenuator at tlie 
pre-:uiiplifier output to limit the signal 
coupled to the high gain ac  amplifier and 
also prevent overdriving this Stage. But 
we niust maintain loop gain close to unity. 
Tliis requires :I second attenuator in the 
feedback path from the Memory Capacitor 

to the pre-amplifier input capacitance-one 
that will track with the ac amplifier at- 
tenuator. This will increase the feedback 
applied to the sampling capacitance as the 
ac nniplifier signal is decreased (as referred 
to the signal applied to the 451 input con- 
nector) witli less sensitive settings. R, and 
R, make up tlie second attenuator. (Atten- 
uation is reduced liere when it is increased 
between amplifiers wit11 1~0th attenuators 
operated by tlie same control laiol~).  The 
resistor divider ratio of tliis pair determines 
the hasic calibration of the sampling loop. 

Another diode gate precedes tlie Meniory 
stage. \Vllen the fast, narrow strobe pulse 
is generated, a relatively wide (250-350 
tianosecond) pulse is also generated to open 
the nieniory gate. The paramount functions 
of the memory gate circuits are t o :  (1)  
control the in-phase feedback to the sani- 
pling capacitance and prevent the memory 
from responding to this regenerative feed- 
b x k  signal, (2) insure maximum coupling 
of the ainplified error signal to C?, and (3) 
limit memory capacitor discharge between 
samples. (Lealiage of the cliarge in tliis 
capacitor causes vertical deflection of the 
dots l~et\veen saniples anti is called Meniory 
Slash.) It limits the maximum permissible 
time between sanil~les for a useful display. 
Tliis leakage is caused by Memory A n -  
plifier grid current or diode gate leakage. 

A cursory analysis of the system as shown 
in Figure 3 reveals tliat the following con- 
trols all have a direct effect on dot tran- 
sient response : 

1. Those that control scl~i~pling r f f i c i rncy  
are 

a. SNAP-OFF CURREKT-common to 
hot11 sampling gates 

1,. BRIDGE VOLTS-one for eacli sam- 
pling gate 

2. Those tli;~t control loop gain are  

a. .AC A M P L I F I E R  GAIN--one for 
each sampling gate 

11. MEMORY G A T E  WIDTI-I-coni- 
rnon to I>otIi memories 

c. SMOOTHING-a front panel control 
for eacli ac amplifier 

The primary purpose of tlie SMOOTI-1- 
I N G  control is to reduce random noise by 
reducing gain of the ac amplifier. Since 
tliis is within the feedlxick loop, it neces- 
sarily follows that dot transient response 
will be effected corresponding to the amount 
of smoothing used, but may not be apparent 
when using lots of s;lmples. 

Your preparation for recalibration and/ 
or repair sliould include tlie following ad- 
ditionnl presets on the Type 4S1 : 

MV/CM S\\IITCH 200 

V.4R1.4BLE Gilibrated 

VERTICAL POSI -  Midrange (dot to 12 
T I O N I N G  O'CIOCI~) 

SMOOTHING Normal (Maximum 
loop gain) 

nc OFFSET Adjust for zero volts 
t 100 niv at  the 
D C  O F F S E T  
M O N I T O R  jack 

\Wth a free-running sweep, both traces 
should be well witliin the central graticule 
area of a properly adjusted instrument. Se- 
verity of imbalance is often indicated in this 
display and your observations here may help 
in the diagnosis. If the presentation looks 
otlier tlian normal, first perform steps 3 
and 4 of the recalibration guide which fol- 
lows this article and then start back with 
stop number 1. 

Several methods, each having its own 
merits, may be used to show dot transient 
response error. A most useful nietliod is 
to apply a step-function to the input and 
use a sweep speed that will display no niore 
than two or tliree sanlples 011 the leading 
edge of the pulse (low vertical dot density) 
at  100 or niore samples per division. Should 
the pdse  shape or transient response change 
when switcliing from 100 to 10 or fewer 
samples, then dot transient response is  not 
correct Quite often in using only 10 sani- 
ples/div an important part of the trace may 
be missincr and the overshoot or undershoot - 
tliat appeared witli 100 saniples/div will not 
be displayed because it occured between 
dots in the presentation. Therefore, when 
operating at few saniples/div you may need 
to relocate the dots along different portions 
of the trace or "slide" them back and forth 
to simulate a solid trace by rotating either 
tlie T I M E  P O S I T I O N  or VARIABLE 
TIME/CM control. (The slow sweep speed 
required for low vertical dot density usually 
places the beginning of the pulse towards 
tlie left edge of the crt. Using the VARI-  
ABLE TIME/CM control is generally more 
desirable for this situation since it moves 
the trace to the right, towards the center 
of the screen.) 

.AnotIier method requires a generator of 
the mercury-pulser variety (Tektronix Type 
109 or Type 110) \vith a small cliarge line 
on one side of the s\vitch and no cliarge line 
on the other side Here the sampling gate 
is opening on the two inputs alternately 
Tlic sampling capacitance most of the time 
must alternately charge from the amplitude 
extremes between the voltage at  the top of 
the pulse input ant1 the zero volts from the 
otlier input. Response witli eacli sample is 
manifested in the display. Proper D T R  
(dot transient response) would give a pres- 
entation tliat should look like Figure 6a. 
Low loop gain \vould give a presentation 
tliat sliould look like Figure 6b, and esces- 



Fig. 6. Waveforms of: ( a )  correct DTR, (b )  low loop gain, (c) excessive loop gain, using a small 4. *('j'lst BALANCE for  
charge line on one side of the switch and none on the other.. 110 trace shift while rotating S M O O T H -  

I NG-both channels. 

when switching from N O R M A L  to I N -  
Figure 7. Woveforms of: ( a )  correct DTR, (b )  low loop gain, (c) excessive loop gain, with the 
5T1A set up for + INTERNAL triggering ot o sweep speed of obout 2 NSECICM and using o TU-5 V E R T E I )  ( D C  O F F S E T  M U S T  R E  
Pulser/Adopter operated by a 25 -kc  square wave from a Type 105  Squore-Wave Generator to Z E R O ) .  
drive the Type 4S1. 

sive loop gain would give a presentation 
that  should look lilce Figure 6c. 

Low repetition rates inherent with mer- 
cury-pulsers a r e  sufficiently atlnoying to 
warran t  investigating other ways of obtain- 
ing  a similar "twosies" type of display. One 
such way follows, but requires tlc internal . . 
triggcrln: : Using :I Type 5 T l A  Timing 
Plug-111 Unit set up for  + I N T E R N A L  
triggering at  a sweep speed of ahout 2 
i\'SI<C/CM, o11t:liti :I normal display of the 
le:di~lg edge of :I pulse from a Telctronix 
Tjyx TI!-5 I'ulser operated 11); :t 25 kc 
squ:lre wive f rom the Telctrotiir Type 105 
Squ:irc \fravc Generator. S~vitclling the 4S1 
triggering sn.itch from ;LC to tlc trigger 
coupling shoultl produce n display similar 
t o  those shown in Figure 7. I-Iere the trig- 
ger  circuit is :dtern:ltcly respondi~lg to the 
lending edge : w l  pulse top. Triggering on 
the  pulse top occurs 1)ec:msc the pulse top 
is still more positive than the THRESI-T- 
OLT) set t i~lg after  trigger recovery takes 
pl:tce 111:il;ing the T ~ y e  5 T I A  ready to trig- 
ger  ;\gain ~vllenevcr the T H R E S H O L D  
level is esceetletl. T'ulse :~mplitutlc af ter  the 
n e s t  recover>, cycle \vill I)c 11clow tile 
T I - I I I I 3 H O L I 3  levcl n.llic11 \\.ill nrevent 
the trigger cil-cuit from respondi~ig until 
the next positive c s c u r s i o ~ ~  tllrougli the 
TI - IRESIIOT~I)  Icvcl setting. The  sampli~ig 
cnp:icit;ince must tllcl-efore cll;irgc to the 
pulse :~mplitutle cstl-emes during the first 
few ce~ltimctcrs of tlis11l:~y with each suc- 
cessive s:unple. 

The cllnrt sllo\vn in T;d)le 1 is ;uiotller 

controls. 

simple process if previous calibration set- 
tings have not since been mis:djustetl. The  
following method map be used to perform 
routine recalil~ration. This  is fzot ;I complete 
rec:ilil~ration procedure, but should serve a s  
a useful reference in conjunction with the 
regular rec:ilibrntion procetlure in the in- 
struction manuals. 
1. Adjust M E M O R Y  G A T E  WIDTI-I  for  

marinium loop gain (LC., maximum over- 
shoot when olxerving DTR-dot Iran- 
sient response). 

N O T E  : Before adjusting SNA1' -OFF 
C U R R E N T  o r  B R I D G E  V O L T S ,  first 
determine which :itljustments ~lcetl to be 
nlatle hy application of the following 
concepts : 

2. Clrrcli I I T R  on  both cll:im~els. 
a. If the snliie D T R  error  exists on both 

cll:~mels, adjust SNA1'-OFF CLJR- 
R E N T  for correct I I T R  on 11ot11 
c11;unnels. 

11. If Cii:iiinel .A DTR is poor :mtl Ch:u- 
nel I3 D T R  is gootl, :idjust Channel 
A B I I I D G E  V O L T S  for proper 
D T I I  on Channel A. 

c. If Cl1:umel is poor ; u ~ d  Cl~:ul~iel A 
is gootl, adjust Channel 13 RRT1)GII 
V O L T S  for proper 1)1'I< on Cllan- 
1 x 1  P,. 

(I. Tf Imth cl1:uniels esh i l~ i t  D T I i  crrol-s 
in opposite directions (one sho\ving 
too much loop gain :mtl the other 
sho\ving insufficient loop gain) ,  per- 
form tlic follo\ving steps : 
( 1 )  Adjust BII1I)GE V O L T S  on 

11oth ch:ulncls to masi1i~u1i1 c1ocl;- 
wise positions. 

(2 )  Adjust S N A P - O F F  Cl_~lilIES'Y 
for  proper 1 I T R  on the c1l:ulnel 

This  cotnpletes the adjustments for the 
Type 4S1, leaving ouly a series of checlcs 
tint should he performed to insure that the 
instrument is functioning properly. T h e  
t i~o\t  irnport:\nt considerations include : 

:L RISETTME-less than 0.35 nano- 
seconds computetl. 

I). NOISE-less t11:in I mv (consider 
90% of the (lots). 

c. B A S E L I N E  SHIFT-less than 3 mv 
h e - l i n e  shift 1,etween 50cps :lnd 100 
kc rep-rates. (This  is a shift of 
the tlc reference level o r  base - line 
wit11 cI~;u~ges of rep-rate. I t  may come 
Trotn several sources including improp- 
er ;djusttiients, ant1 is usually greatest 
l~etween 90 l;c to 100 Ice. Scaling drif t  
is cl~eclcctl by o1)serving a trace with 
n o  signal applied and triggering the 
s u w p  from I0  cps to 100 kc using a 
Type 111 P u l s e  G e n e r a t o r  or 
ccluiv;ilcnt.) 

tl M E M O R Y  SLASH-less than % cm 
vertical trace slash a t  10 cps. 

c. O V E R S H O O T  o r  U N D E I I -  
S1 IOOT-3% 1li:1ximu1ii. 

f .  1 j O T  T R A N S I E N T  R E S P O K S E -  
correct for  Imth positive :ind nega- 
tive going signals of less than * '/2 v 

If risetime is :itlecluntc but noise and/or 
sc;lling tlriIt a r e  e r c e s s i v e ,  decrease 
I3III I )GE V O L T S  :ind rc:djust S S A P -  
O F F  CVRIIEN'I' for proper clot transient 
rcspo~lsc, tllcn repeat steps 2, 3 nnti 1 above. 
hkilce sure that B R I D G E  \ 'OLTS is at 
l e x t  2 volts :tljove and 11elow ground for 
!.our f i n d  setting. 

NOTI<-licfcr to your instruction m:wunl 
or  rcc :~ l i l~r ;~ t io~l  procedure for  otller cllcclcs 
to Ijc performctl. 



T Y P E  575 T R A K S I S T O R  C U R V E  
T R A C E R  - N O I S E  O N  H O R I Z O N -  
T A L  A N D  VERTICAI.  A T T E N U A T O R  
S \ V I T C H E S  

after  extended periods of service) they may 
be salvaged to give niarly more hours of 
use. Indications of wear can be a noisy 
motor, and/or excessive end play of the 
motor shaft. (You sliould note here that 
a bent o r  out of balance fan blade can 
vibrate and give the appearance of a noisy 
motor. Check your fan blade before finally 
assessing the cause of noise.) 

Tlie cause of noise o r  shaft end play in 
a 147-001 niotor is wear on tlie seven 
wasliers shown in Figure 4. T o  replace 
the washers shown in this exploded draw- 
ing you will need: 

( ) 3. Solder the new sleeving-covered wire 
and the white-violet wire to the ter- 
minals shown in Figure 1. 

Under extreme environmental conditions, 
foreign riiaterial can build up on switcli 
contacts and cause excessive electrical noise 
This  noise can be particularly objection- 
able. 

T h e  application of a f h i ~ 7  film of Cramo- 
l i ~ i  cleaner and lubricant (Tektronix part 
number 006-197) will solve this problem. 
Usage of Cramolin will result in approxi- 
mately 40 times improvement in reducing 
noise ;md wear, over a dry switch. 

Qty. P a r t  # 
2 each 210-980 steel was l~ers  

4 each 210-982 I~eryllium washer5 

1 e ; d ~  210-981 fiber washer 

Figure 1 .  Diagram showing solder terminals 
on relay K601. 

Cramolin should be applied with a srnall 
artist-type camel-hair brush. Just a drop 
placed on the brus l~  and then applied to 
tlie switch contacts and rotor will give good 
results. Af te r  applic:ttion, rotate tlie switcli 
back and forth through its range several 
times. This  aids the cleaning anti lubrica- 
t i o ~ i  action. Avoid the use of excessive 
amounts of Cramolin. Anything more th:in 
a thin film will only detract from the neat- 
ness of your work and will neither hasten 
nor aid the c1e:ming and lubricating action. 

( ) Soltler the gray-red-red wire to the 
terminal 41own in Figure 1. 

( ) 4. Soltler a 10" piece of #22 wli~te-  
black wire and a 6" piece of wliite 
wire to the terminals shown in Figure 

Thcse parts may be ordered t l~rough 
your local Tektronix Field Engineer, Rep- 
resentative, Field Off  ice o r  Distributor. 

T h e  Mec11anic:d parts list in t l ~ c  Instruc- 
tion M:tnu;d for  your instrument gives tlie 
Tektronix part numl~er for  the fan niotor. 
W e  remind you, the inform:ttion given here 
applies only to instruments using fan motors 
part numbered 147-001. 

Soltler the otlier end of tlie white- 
black wire to CSH-I  (locate in 
Figure 2)  

Cra~nol in  may he obtained through your 
local Teldronix Field Engineer, Representa- 
tivc, Field Office or  Distributor. 

T Y P E  661 S A M P L I N G  O S C I L L O -  
S C O P E  - D E L A Y E D  P U L S E  M O D I F I -  
C A T I O N  

T E K T R O N I X  I N S T R U M E N T S  \VITH 
F O R C E D - A I R  V E N T I L A T I O N  - F A N  
M O T O R  S A L V A G E  

CSA C S 8  

H e r e  is a do-it-yourself modification that 
will protect the Tunnel diode D992 ( in the 
Delayed Pulse circuit) f rom excessive cur- 
rent during the warm-up time of V694 and 
V814. The  modific:ition routes the current 
supply through relay K6Ol until tlie instru- 
ment is warmed up, at  which time normal 
supply current is restored. This  modiiica- 
tion applies to Type 661 instruments serial 
nun~bers  101 through 2219. 

I CSG 9 
p o ~ ~ ~ , a n t )  

-7 

Tlie followitig instructions sliould aid in 
rewiring the relay : 

1 5  
C S J  IZCU 

I M l ' O R T A K T  : Use silver-hearing solder 
when soldering to cer;mic strips. 

( ) 1. Unsolder from relay K601 : 
Figure 2.  Diagram showing layout of ceramic 
strip terminals referred to in Delayed Pulse 
Modification. Figure 4. Exploded drawing of fan motor, 

part number 147-001.  ( ) sleeving-covered wire ( ) 6. Soltlcr the otlicr end of the wliite 
wire to CSD-19 (locate in Figure 
2 ) .  This  completes t l ~ e  niodification. 

Many Tektl-onix i ~ ~ s t r u m e n t s  eml)lo>iiig 
forced-air ventilntioi~ usc tlic same type 
fan  noto or. Te1;tronix p w t  nuinl~er for  
this motor is 147-001. \\'1ie11 tliese motors 
begin to display sigus of \\.c;lr (norm;dly 

( ) gray-red-red wire 

( ) 2. Replace t l ~ c  slewing-covered wire 
wit11 3 piece of wire and sleeving 
that is '/8" longer. 

( ) 7. Cliecli wiring Tor :iccuracy ;ind 
c11;uige Interconnecting Sockets dia- 



g r a m  in tlie Type 661 Instruction 
Manual to agree witli Figure 3. 

Figure 3. Schematic of K601 relay after per- 
forming Delayed Pulse Modification. 

T Y P E  575 T R A N S I S T O R  CURVE 
TRACER-VIEWING F I E L D  E F F E C T  
TRANSISTORS '  CURVES 

Nortnally, a Type 575 Transistor Curve 
Tracer  is limited in displaying a family 
of curves for an F E T  (field effect tran- 
sistor). \Vhen the S T E P  SELECTOR 
control of the Type 575's Base Step Gem 
erator is set to the maximum (200ma) 
position it will not completely cutoff the 
F E T .  

A simple modification is to place a 10 k, 
G w ,  1% precision resistor between tlie 
base and emitter terminals of tlie Type 575 

and then set tlie Base Step Generators 
S T E P  SELECTOR control to 0.05 ma. 
This gives an I R  drop between the gate 
and source terminals of the F E T  of 0.5 
volts per step. Tliis is sufficient to view 
the complete family of curves from zero 
to cutoff. 

T Y P E  530, T Y P E  530A, T Y P E  540, 
T Y P E  540A, T Y P E  540B, T Y P E  550, 
T Y P E  585 A N D  T Y P E  585A OSCILLO- 
SCOPES - E X C E S S I V E  DELAY BE- 
F O R E  CRT BEAM COMES O N  

Time-delay relays used in tlie above os- 
cilloscopes delay their operation for ap- 
proximately 45 seconds after tlie power 
switch is turned on. This brief delay al- 
lows the tubes to warm up to near tlieir 
operating temperature before the dc oper- 
ating voltages are applied. At the end of 
this delay period the cathode-ray beam 
should appear on the face of the crt. 

A more lengthy delay (two or more 
minutes - or up to 30 minutes in aggravat- 
ed cases) can very often be traced to low 
emission by one or both of the 5642 tubes 
in the crt gritl supply and the crt liigli- 
voltage cathode supply. Or ,  it may be due 
to low emission in the crt itself. 

T o  determine if the 5612 tubes are at  
fault, remove the gromd strap from the 
crt-cathode connector located on the rear 
panel of the oscilloscope. Patch a cord 
fro111 the calil)rator output to tlie crt-cathode 
connector and feet1 in 10 volts of calibrator 
signal \\Tit11 the sweep free running you 
should now see a motlulated trace on tlie 
face of the crt. Advmce the calibrator 
control tlirough the 20, 50, and 100 volts 
positions. If the modulated trace remains 
011 tlie crt face the 5642 tubes are most 
probably functioning properly. 

To  check for  low emission in the crt, 
remove the c.nlibrator signal from tlie crt- 
cathode connector and reconnect the ground 
strap Adjust the FOCUS and ASTIG- 
MATISM controls for largest diameter 
spot. \\'it11 the sweep turned off,  adjust 
tlie I N T E N S I T Y  control to where the 
de-focused spot on the crt face has a very 
slight halo. Remove the left-liand side panel 
from tlie oscilloscope. Then, with the tip 
of a inagnetized screw driver, touch the 
base of the crt near \vliere it joins the 
glass neck. \Vliile moving the tip of tlie 
screw driver around tlie available circum- 
ference of the crt base, check for dark 
areas within the tiefocused spot on the crt 
face. If dark areas are observed the crt 
is suffering from low emission. 

If either tlie 5642's or the crt are low 
in emission they should be replaced. 

T Y P E  CA PLUG-IN U N I T  - LACK 
O F  DUAL-TRACE DURING WARM 
U P  

Type CA Hug-In Units, serial numbers 
101 through 34790, may exhibit a lack of 
dual trace during tlie period when the in- 
strument is warming up. Tlie problem is 
caused by V3382. This 6AL5 tube in the 
switching circuitry has its cathodes re- 
turned to the -150 volt supply through 
n 1.8 meg resistor in the oscilloscope via 
pin 16 of the interconnecting plug. Tlie 
1 8  meg resistor provides a current source 
for the 6AL5 that tends to balance the 
multivil~rator plates (V3375) in the CA 
unit; both halves saturate and prevent mul- 
tivi1)rator action. 

A 330 k, T/l w, 1096, compositioti re- 
sistor (Tektronix part ~iumber 316-334) 
added between pin 5 of V3382 and f225 
volts will cure the problem. 

T Y P E  111 PRETRIGGER P U L S E  GEN- T Y P E  4S2 DUAL-TRACE S A M P L I N G  
ERATORS-PULSE W A V E F O R M  IM- UNITS-TRANSIENT R E S P O N S E  IM- 
P R O V E M E N T S  PROVEMENTS 

 hi^ modification reduces overs~loot, riIlg- This modification improves tlic transient 
ing, and other aberrations in pulse response and retlil~eS ringing 011 fast-rise 
waveform. I t  also improves the risetime s i~l la ls  the Type 
of the negative ~ u l s e .  1. 

Pritnarily, the modification consists of 
replacing the Avalanche transistor (Q84) 
and reworking the associated circuitry on 7 -. 
the etched circuit board. New "transition 
pieces" are used to connect tlie Charge 
Line arid Output Polarity coaxial cables 3. 
to tlie hoard. 

Parts Replacement Kit 050-216 is also 
included to replace the O U T P U T  P O -  4. 
LARITY switch and Charge Line cable. 

This modification applies to Type 111 
instruments with serial numbers below 800. 5. 

Order through your Telitronix Field En- 
gineer, Field Represetit:ltive, Field Office 6. 
or Distributor. Specify Tclitronix Par t  
Nu~nber 040-392. 

Replacing Gate (bridge) diodes with 
closer-matched and lower-capacitance 
diodes. 

Making the sampling bridge compensa- 
tion networks adjustable. 

Substituting 200 $2 resistors for tlie 
ferrite bends hetween srunpling I~ritlge 
and Nuvistor gritl. 

Terminating the strobe pulse lines with 
100 9 resistors. 

Adding grid-bias balancing potcntiom- 
eters for each Nuvistor. 

Decoupling the -100 and +300 volt- 
ages to tlie Sampler and Gate-Gcnera- 
tor circuits. 

This tnodification applies to Type 4S2 
instruments with serial numbers below 301. 

Order througli your local Telitronix Field 
Engineer, Field Representative, Field Of-  
fice or Distributor. Specify Telitronix 
part number 040-379. 

T Y P E  53/54C A N D  T Y P E  C.4 DUAL- 
TRACE PLUG-IN UNITS-SLAVE T O  
AUTOMATIC DISPLAY S W I T C H I N G  

Tliis modification allows Cliannels A and 
B of either Type 53/54C, serial numbers 
3710-1111, or Type CA, serial numbers 101 
through 64009, to be slaved to the respec- 
tive sweeps of the Type 547 Oscilloscope, 
wlien the Type 547 is operated in A A L T  
R mode. Tlie modification does not change 
the operation of tlie Type 53/54C or Type 
CA wlien operated in any other instru- 
ment. 

Ostler tlirough your local Tcktronix Field 
Engineer, Field Iicpresentntive, Field Of- 
fice or Distributor. Specify Telctronix part 
number 010-391. 
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P a r t  I 

.At any given motnent, there is an incretl- 
ihle amount of activit) ~ i t l i i n  that portion 
of tlie Electrom:ignetic Spectrum tl~;it \ \ c  
call tlie 1i;idio Frequency liantli Tlieie 
hinds rruigc in freclucncy from :il)out 1.5 kc 
to 750,000 Mc.  

?Issu~ne you have :I special radio receiver 
cap:hle o i  tuning over this entire r:inge. :It 
llie lower etitl. you'll find m;rritimc ship-to- 
shore, a i rc ra f t  point-to-point, higli-po\rcretl 
government :ind commerci:il lransoce:inic 
signds. Tuning Iiiglier i l l  frequency, ~vitliin 
tlie i;\mili:ir iM-to-1600 1;c 1,ro:idc;ist Inntl, 
tlozens of commerci;il r:ttlio stations compete 
for your attention. ribovc these, you'll fitid 
more slii1)-to-sliore, :ind, conf i~~et l  to re1:t- 
lively sm:ill portio~is of the spectrum, tliou- 
s:inds of "1i:ini" r:itlio oper:itors pursue tlleir 
electronic entlenvors. Also, i n t e r s p : i c e t l  
tlirouglior~t tliis short-n.:ive hand, you \rill 
hear mucli :iir-ground :\ctivity, government 
poin-to-point, ni:\ny foseign I~ro:itlc:tst st:i- 
tions, the i70ice o i  11meric:~ (:mi Mos- 
c o w ! ) ,  police r ; d o  hroadcnst stations, ant1 
some expc~-imental ~vorl i .  

Still Iiiglier in frequency, you'll iintl tcle- 
vision st:ttions, st:\rting ;it .54Mc, F M  st:i- 
tions ;iimve 88 Mc :end more television :il)ove 
174 Mc. Tile nre:i nlmve 400 M e ,  once con- 
sitlered experi~iient:~l, produces tiiyri:td six- 

These radio transmissions take various 
electronic configurations, ranging from sin- 
gle-frequency carriers to coniplcs signals 
produced i)y changing these carriers in am- 
plitude, f requcncy and phase. 

Iiegartlless of tlie shape of these signals 
:mtl how they \vere protiucetl, o r  "motlu- 
I;~tetl", e:tcli one c:ul I)c sel);~r:~tetl into intlivi- 
tlu:il sine ivavcs. E : ~ l i  sine w i v e  represents 
:I single irequency. 'I'o cx:uiiine the co~ii- 
position :\titl quality o i  ;I signal, you \vould 
iintl it very Iielpiul to extract e:\cl~ indivi- 
dual sine \v:\vc tli:\t it contailis :ind display 
it nlonc 011 ;ui oscilloscope. Seeing all the 
sine waves in :i "group" picture, e;icli stantl- 
ing nlo~ie, \vor~ltl euxl~lc you to ;~n;ilyze the 
complex sigtial. T l ~ c  instrument tli:~t per- 
forms this t:isli i o r  you is called a Spectru~ii  
:\n:rlyzer. 

, . l o  use :\n ex;tml)le of :I familiar but 
complex I\-:iveform \vhicli could Ile reduced 
to itidi\;idu:~l sine waves for  :uialysis, con- 
sider :in A M  radio st;\tioii. .\ broadcast 
t ~ t n s m i t t e r  r:itli:itcs :I single c;irrier i r e -  
cluency from its :intcnn:i. Inlelligencc 
(slxecli, music, tones, etc.) is superiniposed 
on  this carrier, varying its :uiiplitutle at  :in 
;audio rate. .\ssume tlie station is transmit- 
ting ;\ 1000-cycle test tone. T h e  cnrrier fre-  
cluency of the st:ttion is 1 Mc. This carrier 
is comhined in the iiwl st:lgc o i  tlic tr:ms- 
mitter n.it11 the 1000-cj.clc to~ic. Tlie :Inten- 
x t ,  lioircver, through tlic process of "modu- 
I:itionl', is hro;itlcasting not two, hut f l r r r ~ ~  
sign;ils. iTie\ved on n convcntio~i:tl scope. 

tlie signal might look like f i g r e  l a .  

Figure l a .  Conventional oscilloscope display of 
1000 kc carrier modulated by o 1000 cps tone. 

Figure lb. Display of same signal using Spec- 
trum Analyzer. 

Elcctric:\lly, the carrier is still occupying 
the I-Mc spot in the spcctruiii. I<xactly 
1000 cycles belo\v tliis irequency, however, 



at 999 kc, you will find a new signal, called 
the "lower sideband". 1000 cycles above the 
1 - M c  spot, at  1,001 kc, you'll find another 
signal, identical to the one at 999 kc, called 
the "upper sideband". Tlie separation is ex- 
ac t ly  equal to the modulating frequency - 
the 1000 cycle tone. The Spectrum Analyzer 
is capable of displaying these three fre- 
quencies, individually, on the screen of a 
cathode-ray tube. Tlius, the component f re- 
quencies may be individually studied, or 
"analyzed". Figure l b  shows how the Spec- 
t r u m  Analyzer would display them. 

There is nothing 
difficult about the ~ 9 (  h * +' ii,i* "4 a overall operation of 

t i e  analyzer, Tfie sig- 
nals which we will 
use as examples, how- 
ever, must be fol- 
l o w e d  in  d e t a i l  
through the d ~ f  ferent 

sections shown in the block diagram To  
understand tlie conversion of input signals 
to signals of lower frequencies, you will 
f ind  it helpful to perform the simple aritli- 
metical computations dealing with the mixer 
and i f (intermediate frequency) sections 

There are several ways that a signal 
can  be broken down into component sine 
waves. One method is to i~itroduce the 
signal to a stack of filters, the inputs of 
which are paralleled. Each filter is tuned, 
in successsion, to a slightly different fre- 
quency than the others. The output of each 
filter will contain only tliat portion of the 
input which corresponds to the frequency 
it was tuned to. The drawback here is that 
f o r    no st cornplex signals, you would need 
llundreds of filters - a costly mechanical 
burden. Too, it is difficult to design filters 
with narrow bandwidths to produce good 
resolution between closely-related signal 
components. 

The  prism is also a simple spectrum an- 
alyzer. I t  takes the visible portion of the 
electromagnetic spectrum and breaks it up 
into its component frequencies, each repre- 
senting a familiar color. There are chetni- 
cal analogies, also, such as  the chemist's 
ability to reduce con~plex compounds into 
their individual ingredients. The Tektronix 
Spectrum Analyzer performs an analysis 
by purely electronic means. 

HETERODYNING 

T o  continue our discussion of the an- 
alyzer, we will review, briefly, tlie principle 
of heterodyning. Years ago, Armstrong antl 
his colleagues created the "superhet" re- 
ceiver. They discovered tliat it was possible 
to feed two separate single-frequency sig- 
nals into a no~i-linear device, usually a vacu- 
um tube, and get four signals out!  Using 
suitable filters, they found that besides the 
two original frequencies, they had a 3rd 

Block diagram of typical Tektronix Plug-In Spectrum Analyzer.  

frequency that was equal to the mathemati- 
cal difference of the input signals. Also, 
they found a 4th frequency in the output - 
one equal to the sum of tlie two original 
signals. They applied this pri~&ple to the 
superheterodyne receiver, like one you prob- 
:iblp have in your home today. Tlie follow- 
ing example illustrates this concept, so 
necessary to the understanding of Spectrum 
Analyzers. 

Tune in a radio station tliat has, let us 
say, a carrier frequency of 1080 kc This 
frequency enters the front end of your 
radio and into a "~nixer" tube. A local 
oscillator in your set, which follows the 
n~nin tuning, generates a frequency of 1535 
kc. This oscillator frequency also is fed 
into the mixer tube. In  the output of this 
tube, as in the days of Armstrong, you 
have the two original frequencies p l z ~  the 
two new frequencies mentioned before : 
2615 kc and 455 kc. The latter, 455 kc, 
is the one accepted by the tuned circuits 
of the intermediate-f requency stages of 
your receiver. 

As we tune across the band, we simulta- 
neously tune the local oscillator to a fre- 
quency exactly 455 kc above the frequeticy 
of the station tuned in. Tlius, a highly- 
efficient i.f. stage can be designed which is 
responsive to a single frequency - the 455- 
kc difference between the local oscillator 
and the frequency present at  the front end. 

H O W  T H E  A N A L Y Z E R  W O R K S  

Tektronix Spectrum Analyzers, built as 
plug-in accessories for existing oscillo- 
scopes, cover various frequency ranges. 
Currently, these cover frequencies fro111 1 
Mc to 10.4 Gc (Gigacycles). One of these, 

the T)pe  L 2 0 ,  will analyze frequencies 
from 10 Mc to 4Gc,  in 5 bantls. Ii'e will 
consider the range of frequencies coverctl 
by band 2 of the Type L-20, roughly 230 
Mc to 900 Mc. 

Refer to the block 
diagram of the anal- 

Incotn~ng sig- 
are ~ n t r d u c e d  

directly into the first 
mixer. As in your 

associated w i t h  t h e  
mixer This osc~llator 1s tuned by the front- 
panel control which also rotates tlie tuning 
dial indicating the frequency of the incom- 
ing signal. I t  tunes through a frequency 
range of 440 Mc to 1100 Mc The output of 
the tinxer is fed into the first i f  stage. 
This stage is fixed-tuned to 200 Mc 

Therefore, any input signal that will mix 
with the local-oscillator frequency in the 
mixcr stage and produce a difference fre- 
quency of 200 Mc will pass through the 
1st i.f. For example, when the local oscilla- 
tor (abbreviated L.O.) is tuned to its low- 
est frequency, 440 Mc (the main tuning 
dial reading 240Mc),  an input signal of 
240 Mc will "beat" with this frequency in 
the mixer antl produce the desired i.f. out- 
put of 200 Mc. Tuning tlie L.O. to 600 Mc 
means that there has to be an input signal 
of 400-Mc to produce a 200-Mc difference. 
The highest setting of the L.O., 1100 Mc, 
allows a signal of 900 Mc to produce the 
200-Mc difference and appear in the first 
i.f. You will see that nny signal tuned in 
from 240 Mc to 1100 Mc will produce the 
same 200-Mc difference. 

@ 1965 Tektronix, Inc. 
A l l  Rights Reserved 



The first i . i .  is tuned to n center fre-  
quency of 200 Mc. T h e  b;~iitl\vidtIi of this 
circuit is f ixed a t  60 Mc. Therefore, any 
signals 3 0 M c  a lmw or  below the 200 Mc 
difference ircqucncy \vill also p;iss tlirougli 
tlie i.f. This is important to the operation 
of the Spectrum Analyzer. 

\\re will now follow 3 input signals 
through tlie analyzer. Their frequencies 
a re  : 280 Mc, 300 Mc, antl 320 Mc. Assu~iie 
you have set the tuning dial on 300 Mc, 
calling it the "Center Frequency". .4ctual- 
ly, you liave tuned the L.O. to 500 Mc. 
This produces ;I 200-Mc difference between 
the L.O. and tlie 300-Mc center frequency. 
This 200-Mc "beat" frequency falls in the 
niidtlle of the i.f. tuned circuit. The  input 
irequency of 280 Mc also is I~eating with 
the established T..O. frequency of 500 Mc. 
I t  produces a n  output from the mixer stage 
of 220 Mc. This falls within tlie 60 Mc 
bandpass of tlie i.f. stage. The  input of 
320-Mc also produces a frequency (180 
Mc) that falls within the bandpass of the 
i.f. stage. You will see, therefore, that at  
tlie output of the first i.f. stage, all tliree 
input signals a re  present. They have the 
same 20-Mc separation but a re  reduced in 
frequency. Although converted in f requen- 
cy, their relationship to one :~notlier has 
not been changed. It is itiiportant to realize 
one difference, however: The  180-Mc i.f. 
signal represents the Izigl~e.st-freqzte~~c~~ in- 
put signal, 320 Mc. The  220-Mc i.f. signal 
represents tlic lowest-frequency (280 Mc)  
input signal. I n  other words, there is a 
reversal of relative frequency. 

Tlie three signals at  tlie output o i  tlie 
first i.f. s tage a r e  now fed into a second 
mixer. See block diagram. This mixer is 
also associated with a local oscillator, and 
tlie output is  ied into a 211d i.f. stage. This 
stage is actually tuned to 59Mc, but to 
simpliiy o u r  ex:uiiplc, consitler that it is 
tuned to 60 Mc. The  21id local oscill:itor 
is also tutied and covers a freqnency range 
of 230 Mc to 290 Mc. Tlie tuning is ac- 
complislicd 1)y electronic means, however. 
The  oscillator frequency is "swept" through 
this frequency range by tlie application of 
an external sawtooth. 

Tlie inputs to the 2nd mixer stage al- 
W : L ~ S  exist within tlie range of 170 Mc to 
230Mc. R o  otlier signals can get tlirongli 
tlie first i.f. Note that tlie 211d local oscilla- 
tor (S\\.ept T.oc:11 0scill:itor - S . L . 0 . )  
sweeps through ;i. r:mge of 60 blc - the 
band-M-idth of the 1st i.i .  Tliereiore, :illy 
sign;ll i rom 170 M c  to 230 Mc, \vlien coni- 
l ined \\.it11 the 230-bfc to 290-Mc "sn.eej)" 
o f  the S.I..O. \vill produce :i 60-Mc differ-  
ence frequency. T h e  21itl i .i .  Iins a relativc- 
ly m r r o w  Ixmdwidtli and is sensitive only 
to this 60-Mc diiiercnce. 

T o  illustrate how a 
swept oscillator pro- 
duces the 60-Mc i.f. 
frequency, c o n s i d e r  
tlie 3 input signals to 
tlie 2nd mixer stage. 
Tlie S.L.O. begins its 
normal sweep, start- 
ing a t  230 Mc. T o  
f. f requencY of 60 Mc produce the desired i ~. 

there \vould have to be a 170-Mc signal 
present at tlie 2nd detector input. There 
is none, thus no i.f. frequency is produced. 
, . I lie S.L.O. continues its sweep antl passe.; 
tlirougli the frequency of 240Mc. This 
tniscs with the 180-Mc input and produces 
the 60-Mc i.f. frequency. As it sweeps 
tlirougli 260 Mc antl 280 Mc, it tiiises with 
tlic otller two inputs :uid also produces the 
60-Mc i f .  irequenc) . 

Thus,  1)). using a local oscillator that 
sweeps :i certain range o i  freque~icies, in- 
put s ~ g n a l s  to tlie miser  can be made to 
enter tlic 2nd i.f. stage one by one, separat- 
ed in time. This  is the ilnporfnnf thing to 
r~itlelill~er nboztt thr operotion of tlzr m -  

Skipping the 3rd 111ixer and i.f. for  a 
~ n o ~ n e n t ,  assume you liave fed the output of 
the 2nd i.f. into a detector. As  the signals 
appear one by one at  tlie output of the 2nd 
i.f., they a re  rectified, giving positive pulses 
wliicli will cause vertical tleflection on 
tlie face of n crt. In  our typical spectruni 
analyzer, tlie s;twtootll that causes the 
tlie S . L . 0 .  to sweep through its frequency 
range is tlie same one that drives the liori- 
zontal circuits of the oscilloscope in which 
it is used. Tlius, you will observe the tliree 
input signals on the crt ,  with the horizontal 
a s i s  representing frequency. Study the 
following example, referring to Fig. 2. 

Figure 2. Crt display of output of 2nd i.f. 
(detected). Each cm = 6 Mc. Note that fre- 

quency is read from right to left on Spectrum 
Analyzer displays. 
,. l l i e  crt spot begins its sweep at  tlie 0 

centimeter marl; at the leit-hand side of tlie 
gr;tticule. Tlie S.L.O.,  in step with tlic crt 
spot, is no\v at tlie lo\v-end of its frcquen- 

cy range, o r  230 Mc. N o  output is ob- 
served, as  discussed above; the spot is not 
deflected vertically. T h e  S.L.O. sweeps 
through ;i range of 60 Mc. Thus, a coni- 
plete sweep of tlie horizontal represents 
60 Mc also, and each t injor  graticule line 
represents 6 Mc (assuming a n o r ~ g l  10-cm 
scan, of course). When the beam reaches 
a point 1.4cni f rom the left-hand side, the 
S.L.O. is sweeping tlirougli 240 Mc. This 
produces ;ui output corresponding to the 
180-Mc input signal and the crt beam is 
deflected vertically. Tlie beam then passes 
tlirougli the 5-cni tiiarlt at which time the 
S.I<.O. passes through its mid-range, o r  
260Mc. A t  this time, the crt beam is 
deilectetl again, indicating the 200-hit in- 
put signal on tlie crt. Iaikewise, tlie 220-Mc 
signal is displayed at tlie 8.6-cm graticule 
line. T h e  sweep is repetitive in normal 
operation ;tnd tlie result is :i display similar 
to Figure 2. Note that the highest-frequeti- 
cy signal appears on tlie left-hand side. 
Frequency is read from right to I r f f .  

-= \ T h e  previous 
e x a m p l e  con- 
sidered the S.-  
L .0  sweeping 
througli a 60- 
Mc range. This  
affords a "look" 

at  ;I 60-Mc piece of tlie electrotiiagnetic 
sj)ectrum. Tlie S.IA.O. w;is set :it ~i iaximum 
dispersion (range of frequencies swept by 
S . L . O . ) .  Tlie portion of tlie spectrntn un- 
der a11:ilysis can also be narroxved. This  
is :iccomplished by decreasing the disper- 
sion. If we set tlie dispersion at  20 Mc, 
tlie S.L.O. will sweep is0111 250 MC to 270 
Mc. Note that its center frequency is still 
260 Mc, a s  before. Figure 3 shows the 
dispI:+y ohtaitied on the sinlplifietl spectrum 
:~n:dyzcr, using this dispersion. 

\\'hen tlie S.L.O. begins its smwp a t  tlie 
tlispersion setting of 250 Mc, the 180-Mc 
signal at  tlie input of tlie 2nd miser  is 
heterodyned to a irequency of 70 Mc. This 
falls outside of tlie bandpass of tlie 2nd 

Figure 3. Dispersion, or bandwidth, set at 2 0  
Mc. Each cm = 2 Mc. 





Figure 1 .  Electrical ana log  of heot path  i n  o 

heat-sinked transistor. A,, = Thermal resistance 

of junction to case bond. (Controlled by manu- 

facturing process only.)  0,.  = Thermal resis- 

tance o f  mounting. (Silicone grease con improve 

surface contact between transistor a n d  mounting 

surface.) 0, ,  = Thermal resistance of "heot 

sink" or  mounting base. (Usual ly a designed 

i n  factor a f te r  other elements have been 

optimized.)  

slio\vs :in electrical analogy of t l~ese  s e p  
:Irate "resist:iticcs". One of tliese e,.,, is 
the tliermal resist;incc from case to heat 
sink : i d  is influenced by the metliod of 
mountiiig. If a 11iic;i i~isulating '~ iml ie r  is 
used dry, the junction temperature risc 
per w ~ t t  of po\ver tlissipated is about l.O°C 
due to O,. ,  (11imr. This  is mainly due to 
irregularities in tlie surface resulting in 
dead air  spaces which (lo not readily tr;itis- 
fe r  heat. See Figure 2. One \v:iy to over- 

Figure 2.  H o w  a magnif ied cross-section view 

of  the surface might look. 

come this difficulty is to fill tlie dead 
air spaces with a substance superior to 
dead air  in thermal conduction. Nearly 
anything is better than dead air, hut silicone 

Cor~iing Type 4 or  Type 5 Silicone C ~ I ~ I -  
pound for  heat-sitili use in current Teli- 
t ronis  instruiiients. Tliese types o i  sili- 
cone grease \ve linow will meet the t1ierm;il 
conductivity reqr~iretiicnts and temper;iturc 
range requirements of our ''environme~it:iI" 
instruments. 

As  previously mentioned, there :ire s o n x  
other types of silicone greases containing 
met:illic oxides \vliicli incre:ise tliel-m:\l con- 
ductivity. IIo\vever, we Iiaven't fully test- 
ed tlic speci:il met:~l oxide-1)e:irin:: "Siliconc 
1-Ie:it Sink Compou~ltls" so we a re  not surc 
t1i;it they will meet our envirotirnent;il tem- 
perature r:tiige requirements. This  is, tlle 

A CORRECTION 

I n  the article "Some Basic Sampling C o ~ i -  
cepts Reviewed" which appeared in tlie 
February, 1965 issue of S E R V I C E  
S C O P E ,  one line is missing. 

O n  p g e  two at  tlie bottom of column 
one, tlie line " . . . fully c1i:irgetl to tlic 
error  voltage across . . . " should be added. 
Properly corrected the sentence, which be- 
gins five lines up from the bottom and in 
the center of tlie column, should re;ttl: 
"Since under tliese circumst:inces :I fast 
rising step function may go f rom zero volts 
to its maxitnum voltage between samples, 
we  tnust somehow cause the sampling ca- 
pacitance to becorne fully charged to the 
e r ror  voltage across the gate with one 
sample". 

Tile type was set correctly but somehow 
in tlie mechanics of production this line 
was lost in tlie shuffle. 

O u r  sincere apologies to the author and 
our readers for  this omissio~i from an 
otherwise excellent article. 

T h e  Editor. 

111 sonic r;tses (sucli ;is the Type 547 Os- 
cilloxope \:ertic:tl-Amplifier output tran- 
sistors), tlie tr:insisto~- is e1cctric:illy ilisu- 
Iated frotii !lie c1i:issis 1)). :i wl~ i te  In-yllium 
oxide tlisli. 1 i you remove the heat-sink 
tlisli, yo11 slio111d ;i1so :i~)ply silicone gre:tse 
\vl~ere the tlisli co~lt:icts the chassis. 

The  Dow Corning Type 4 Silicone C o ~ n -  
pou~itl is ;i\;;\il:il)le in 2 oz. ;inti 8 oz. tubes 
tlirougli c1ectric;il ant1 electronic supply 
I1011ses. 

"For :L niore coniplete ;in:ilysis of the]-ma1 
cli:ir;ictcristics, see "I\lO1'OKOIJA PO\\'- 
13: TI IASSTS' l~OR l - l A K l ~ l 3 0 0 K " ,  copy- 
riglit 1961, 

i h y  of tlie liquid tlisl~w:isl~ing tletergents 
(Joy, Vel, IAX, S\v:in, etc.) performs ef-  
fectively :is :I c1c:itiing agent for  the focus- 
plate :isseiiibly supl)lietl \vitli tliese c a m e r x .  
lisetl in fairly concentr;itctl fo r~ i i ,  tliese 
I-c;idily-available detergents will easily re- 
move oily resitlucs :is well as  ordinary tlust 
;ind dirt. 

A s  a rule of tliuml~, you should avoid 
most :ill organic solvents sucli a s  Fotocal, 
Soc:il, f l u s  remover, t r icl~lor ,  etc. These 
:igents n.ill :ittack either tlie Plexiglass 
plate or  the silk-screening. One \vliicli you 
can use without Iiarm, however, is DuPont 
FI-eon T F .  This  is available locally f rom 
your chemical supply house. 



T Y P E  262 P R O G R A M M E R  -- R E S I S -  
T O R  K I T S  

T h e  Type 262 1'rogr:imnw Instruction 
rnatiual, on page 2-8, tells how to place 
the  No-Go Limits on :I progr:~rn c:irtl hy 
soldering resistors to the N O - G O  I.IMI'I'S 
termitlals. 011 this same p;tge T;il)le 2-1 
l i s t s  the required resistor v;ilues :ml the 
co1-responding ~inmhers.  

T h e  resistor wlues listed a re  available 
in a kit. Each kit contains :t total of 176 
resistors. These ;ire w, 1%, precision 
( S t d  Mil-Rel) resistors in the following 
quantities :itid v:ilues : 

Quanti ty \7:~lue Sumher  

36 887 r~ o 
25 1.58 k 1 

20 2.26 k 2 

20 3.01 k 3 

10 3.83 k 4 

2 5 1.01 k 5 

10 5.49 k 6 

10 6.31 k 7 

10 7.15 l i  8 

10 8.06 k 9 

These kits a re  av;iilable t l~rongh your 
, . 1 ektronis Fieltl Engineer, Represent:itive, 
loc:tl Field Office o r  13istrihutor. Ask 
iol- Telitronis part n u ~ n l ~ e r  016-0056-00. 

T Y P E  3T77 SAMI 'LING S \ V E E P  l J N I T  
.-IN11 T Y P E  3S76 D C A L - T R A C E  S A M -  
PIATNG U N I T  - T R I G G E R - T O - V E R T I -  
CAI* K I C K B A C K  

Sometit~ies, when :I Type 3S76 Du:il- 
TI-:ice Sampling IJnit is set to trigger in- 
terti:tlly frotii either A o r  B Channel, a cer- 
tain amount of sweep gating voltage from 
the Type 3T77 Sampling Sweep IJnit gets 
coupled into the vertical channel. 

T l ~ i s  voltage will appear on the displayed 
w:iveform. You can detect tlie aherrations 
with tlie sweep free running at 5 nanosec- 
onds per division and sensitivity set :it 2111~ 
per division. Their  :implitutle is affected by 
what might be connected to tlie input antl 
is least witli no signal applied. 

An additional decoupling c:ipacitor pl:icetl 
I~etween the base of Q14 ( the trigger input 
iso1:ctor in the Type 3T77) antl g r o ~ ~ n d  will 
usually retluce the amplitude of tlie aberra- 
tions to a negligible amoutit. \\re recom- 

mend n 500 pf cnp;~citor (Tektronir  p:trt 
numl,er 283-0025-00). Solder the capacitor 
in place \vitliout le:ds (if possible) right :it 
the point where the base lead of Q14 tran- 
sistor socket emerges from the socket. A 
word of c:iution here. T o o  long leads on 
the cap:~citor o r  :I sloppy soldering job will 
aggravate rather than relieve the difficulty. 
l'erform your work c:irefully, neatly and 
with :i critical eye. 

BI<EII -C4N Ol'I.3K1.311 \ \ E A R S  T \ \ O  
HATS-The so-called "church key" type 
Ixer-can opener makes a liandy tool for  
removing the large copper-clad staples used 
to close m d  secure the czirtons in wl~icli 
Tektronis  instrmients a re  shipped. A care- 
lessly used pliers o r  screw-driver etiiployetl 
to remove these staples can eject them witli 
sufficient force to endanger the eyes or  
appearance of surrounding personnel The  
bottle-top opening end of the uhiqu~tous 
beer-can owner  works almost a s  well :is a 
commercial staple-removitig tool. I t  elimi- 
nates the hazard of flying staples :mtl-the 
price recommends it. Our  tliatlks to Rick 
1.e Forge, Field Engineer with our Van 
Nuys Field Office, for  passing on this in- 
formation. 

The  modific:ttion adds :I T I M E - E S -  
I 'ANDEII  control which provities S1, S10,  
X20, S 5 0  and SlOO sweep '11iagnific:ition' 
but does not affect the numller of saniples 
per centimeter. 

A TIME-I 'OSITIOhT contl-ol repl:tces 
the  old T I M E - D E L A Y  control. Tliis new 
control supplies n v:iri:il)le time-tlel:~y for  
positioning the signal clispl;iy when the 
T I M E - E S P A N I I I - I  s\vitcl~ is in the S 1  
position. In the expanded positions, the 
T I M E - I ' O S I T I O S  control moves the time 
'wintlow' ;iny\vhere ~vitllin tlie original rnnge 
displayed in the S 1 position of the T I  M E -  
ESP. i \XI)ER s\vitcli. 

A new Fast-Ramp 1)oan.d witli improved 
li1ie:rrity for the Fast-1Z:imp w:lveform re- 
places the original Fast-Ramp 1)o:trtl. 

into the f reerunning  portion of its range. 
Roth positive :tnd tiegative trigger circuits 
:ire modified for  improved periorm:ince. 

This modification :tpplies to Type .5Tl 
Cnits, S/II'S 101 tlirougli 996 ;uid Type 
.5TlA Units, s/n's 997 through 2089. Ostler 
through your locnl T e k t r o ~ i i s  Field Engi- 
neer, Field Representative, Fieltl Office or 
I)istribr~tor. Specify Tektronis  part nuni- 
I ~ e r  010-0390-00. 

T Y P E  21\61 1 ) I F F E R E S T I A I ~  PLUG-I?: 
U N I T  - I S C K E A S E I I  I>YN.i\MIC 
IiriXGI< 

Tliis modification rep1:ices C437, :t 13000 
p i  c:ip:icitor, :ind its protective diodes, 
D137 ant1 1.1438, with :I 1:irger non-pol:irized 
c;ip:icitor. I t  :ilso adds tnhe sllields to V484 
;ind V584 to prevent negative feetll):~cli 
caused 11y capacitor-tube coupling. T l ~ e  net 

TYPE 2 ~ 6 1  I)IFFERENTIAI. PIXG-IN 
[:NITS-NOISE AN11 ] ) R I F T  I IEI ICC-  
T I O K  
, . l h i s  mot1ific:ttion minimizes drif t  antl re- 

duces lou-frequency noise :itid micropl~onics 
\vl~en tlw plug-in is used in the differential 
mode. 

By replacing the floating pre:impliiicr 
ch;tssis with one t11:it utilizes nuvistors in 
speci:il, liezit-st;thilizin sliieltls, ; I I ~  ch:ing- 
~ I I K  the circuitry to permit greater st:ihility 
of the I I I F F  ]?AT2 contl-01, t l ~ e  motlific:~tion 
;iccomplislies its purpose. 

T l ~ i s  modification applies to Type 21261 
Y~l i t s ,  s/nls 100 t l~rough 986. Order through 
your lod Telitronis Fieltl Engineer, Fieltl 
Re~)resent:itive, Field OFfice or  1)istril~utor. 
Specify Te1;tronis part number 040-0397-00. 



T O R O N T O  TRAFFIC C O N T R O L  
SYSTEM 

USES TEKTRONIX OSCILLOSCOPE 

At the new Traffic-Control Center in 
Toronto, Canada, a Tektronix Oscilloscope 
:tids the engineer in preventive maintenance. 
This new automatic traffic-control insta1l;l- 
ation uses thousantls of printed circuit cards 
in the U N I V A C  1107 Thin-Film Memory 
Computer. 

In  the larger photo on  this page, an engi- 
neer observes wtveform tiisplays on a Tek- 
tronis Oscilloscope. The wavefor~ils are 
from a printed circuit hoard undergoing 
tests in the c:trtl ;tn;tIyzer shown to the 
left of tlie oscilloscope. This is a preven- 
tive maintenance test accomplisheti quickly 
;uid reliably with a card analyzer mtl  Te1;- 
tronis Oscilloscope. The tests give the ell- 
gineer added assurance of computer pro- 
ficiency in d:dy work of tr:tfiic si~nul:l- 
tion and analysis. 

The smnller photo, talien ;it City Hall 
in Toronto, slio\vs tlie UNIVAC 1107 Con-  
puter ( le f t ) ,  the specia-purpose Traf Tic 
Control Computer (center), and the card 
:~nalyzer featured in the larger photo 
(right) ,  Here  the engineer is checking 
the console of tlie control coniputer which 
accumulates data at high speeds from traf- 
fic-detector sensors in ~netropolitan Toron- 
to's new tr:tf fic-control system. 

The computer-based system, which was 
designed by the UNIVAC Division of 
Sperry Iiantl Corporation, continously anti 
autotnalically ;t~~:tlyzes move~iient of vehicles 
witliiri a controlled area of intersections. It 
will, sometime in 1965, control traffic flow 
at over 1000 intersections. 

GRATICULE S W I T C H I N G  
A PROBLEM? 

TRY THIS  

Mr. Edward G. Morgis, Maintenance 
supervisor a t  Trans Canada Telemeter, of- 
fers a suggestion that will interest oscillo- 
scope users who must interchangeably use 
graticules scribed as regular rasters ;ind in 
Percentage of Modulation. 

Mr. Morgis uses ;t 6 x 10-CIII graticule 
(Tektronix part number 331-0037-00) and 
a T V  graticule (Tektronix part number 
331-0009-00) sandwiclled in between the 
green filter and the hezel. H e  positions the 
two graticule lights so that one lights the 
front graticule, the other the rear graticule. 

He replaces the scale-illumination poten- 
tiometer with a 75-ohm wire-wound poten- 
tiometer. By electrically placing the poten- 
tiometer between the two graticule lights 
with the center tap connected to 6.3 volts, 
the control acts like a "fader". Full rota- 

tion to either end of the control will illu- 
minate one graticule leaving the other in- 
visible. 

Naturally, illumination of either graticule 
I)y only one light will not afford as even 
a raster as using both. Also, some increase 
in parallax will be apparent when using 
the front graticule. Rut if your work re- 
quires you to change graticules often, these 
negative features tilay be a minor considera- 
tion cotnp:tred to the convenience Mr. 
Morgis' modification affords. 

USED INSTRUMENTS FOR SALE 

The University of Alberta Hospital in 
Etlnionton, Alberta offers the following 
instruments for sale : 

1-Type -551 Oscilloscope, s/n 002951 
I-Type CA Plug-In Unit, s/n 026921 
1-Type Q Plug-In Unit, sn 00525 

Equipment is in very good condition. Con- 
tact:  Mr.  R. M. Allen, Asst. Purchasing 
Agent. Telephone : 439-5911. 

T O  O U R  READERS 

Do you have an item of local origin or 
interest that you would like to see in Serv- 
ice Scope? If you have send the informa- 
tion to Mr. E. C. von Clenim, General Man- 
ager, Tektronix Canada Ltd., 5050 Sore1 
Street, Room 12, Montreal 9, Quebec. 

Items, in general, should relate to oscil- 
loscopes and associated instruments. Ways 
and means that you have found helpful in 
using and maintaining your instruments may 
aid someone else to do a better job. Unique 
applications are often interesting, also. 

W e  can not guarantee that all items re- 
ceived will be used in Service Scope. W e  
can assure that all items will be thought- 
fully considered and those that we feel 
have a broad appeal will be used. The de- 
cision as to which articles meet these objec- 
tives tilust be the responsibility and peroga- 
tive of the editor. 





by Russ Myer 
Tektronix Advertising Dept. 

T h i s  i s  f h c  sccoild a ~ l d  co)lclzidirzg half o j  a11 article i ~ ~ t e i z d e d  to  j o r n ~  a 
coi~ccptual  hasis [or  the  zriidcrsta~~diilg oJ  SPccfrltiir . I ~ ~ a l y s i s  Tlzc {irst  Izalj 
o f  flzc ar f ic lc  appcarcd iiz flzc i lp r i l ,  196.5 issue o j  S E I I V I C E  S C O P E  

Editors Note : 

P a r t  1 of this :<rticle, presented the 
autlior's Illoughts on Spectrum Analysis 
to a s  f a r  ;is the detector circuit of :I 

spectrum :in:ilyzer. 1':irt 1 concluded with 
:I sliort esp1:u~:itioii oi  t\vo o i  tlle tlc- 
tector circuit's tlirec outputs-tile linc:~r 
output :11id !he loqir i t l~mic output. 

H e r e  in  the June, 196.5 issue of S E R V -  
ICE S C O P E ,  P a r t  2 lxgins ivith n brief 
review of decibels. This  is intended to 
give the  reader a better untlerstnntling 
of tile log:~rithmic output. 

\\ie suggest th:it :i refresher reatling 
of P a r t  1 bcforc~ continuing on to P a r t  
2 will :illow the rentler to more readily 
assocklte himself with the author's 
thougl~ts  presented here in the second 
half of the article. 

P a r t  I1 

To give yo11 a better untlerst:~ntling of 
the lognrithmic output, let's 1)riefly revie\\ 
tlccil)cls. 

A tlecil~el is one-tenth of :i bel. A be1 
is the s:me thing as :I polver of ten. T h u s :  
50 (111 is equal to 5 bels. This  is the same 
:is 10 to the  5th power, o r  105. 

Tf  we  increase the power level of :I sig- 
n:ll 11y 60 dl), we increase it 10"imes-:i 
gxin o i  1,000,000. 111cre:lsing n one-watt 
sigl:il 1)y 60dl1 incrc:lses it to one million 
\v:1 t t s ! 

Giins of whole bels, 1, 2, 3, ctc. . . . 
can easily be c:ilcul:itetl in the 1ic;itl. 1 
I~el ( l o d l ) ) ,  for cx:imple, means :i po\ver 
g i n  of lo', o r  ten. 2 I)els, (20tl l )) ,  me:ins 

Figure 5. Fractional Exponent Multipliers. 

Unfortun:itely, gain is not always ex- 
prcssetl in even 1iun1l)ers of I)els. \\'hat 
:il~out :I gain of 33tll1? This  is :i g:iin o i  
3.3 I~els, o r  lo:'-". , Reviewing m:itli, this 
means 10" times 10 ". 10'  is easy:  1000. 
\\'h:it :il)out 10" For this, you'll Ii;ivc to 
refer to the t:il)lc o f  fract ioml exponents. 
See Fig. 5. From the table, you'll see that 
0.3 cc~rrespontls to 2. S o  lo:', o r  1000, is 
multiplied 11y 2. )\ 33 tlb gain, therefore, 
is equ:ll to :t gain of t\vo thous:lntl. 

plifier 11:~s an input 
of 200 mi1liw:ltts. Tlie 
gain is 33 (11). T h e  
o u t p ~ ~ t ,  i n  w a t t s ,  
\vould be 400 watts. 
(0.2 . 1 0 y  

,5>,<,%,, ,., 

Db's :ire also usctl 
to express :I loss. \Ve 

c:in still co~rsitler, i t1 thc c:lsc of our ex- 
:~rnple, thnt the dilfcl-ence Ijet~veen t\vo 
sign:lls is 33tll1, but :is MY now desire to 
express :I loss in po\vcr, the figure of 2000 
must I)e tlivitletl into 1 to o11t:iin its recip- 
roc:il. I n  this s e c o ~ ~ d  c:isc, our initial po\vcr 
o i  200 milli\vatts must I)c multiplied not 
1)y 2000, Ijut 1 tlivitletl 11y 2000, o r  0.000.5. 
, . 
Illis rctluces our 200 milli\v:itts to 100 mi- 
crowatts. 

, l o  . express a difference in volt:ige levels, 
more commonly usetl in oscilloscope tvorl;, 
the numlxr of  bels usetl :is exponents, is 
tlivitlccl 1)y 2. Example:  :L volt:ige gain of 
4 dlj gives :UI exponent of lo'-'. IXviding 



the  exponent by 2 gives :I new numl~er : 
1 0 ' . ? ~ h i  . s is 1 0 ' s  lo-', or 100 s 1.6, o r  

160. Increasing :my vo1t:lge level (RLIS)  
by :L factor of 160 produces an increase 
in polver of about 25,000 times. This is 
proved 1)y the relationship E2/R ( 160'). 

T l ~ e  polver forn~ula ,  P = E?/R indicates 
t l ~ a t  p o w r  increnscs a s  the sqti:lre of the 
voltage (resist;mce senmining the same, of 
course) .  The oscilloscope is a volt:lge-op- 
er:~tctl tlevice ; therefore, increasing a ver- 
ticnl signal 1)y a factor of 3 requires a sig- 
n:il 3 tilncs the power of tlie original. 

S o  ~nucli ior  decibels Let us return now 
to  the detector c i ~ c u i t  and its 3rd or 
SQU.4 RE-LA\\' output. 

T o  exp:lnd vcrtic:d sign:~ls, tlie analyzer's 
detector is operated in the SQUARE-LA\ \ '  
mode. In this m:lnner, the output voltngc 
is  t h e  sqlmre of the input voltage. D o u h l i ~ ~ g  
tlie input causes the output to incre:~se four 
times. Tripling tlie input c:iuses the out- 
pu t  to increase 9-fold! 

T h e  advantage of this circuit can easily 
be  seen. Input signals of ne:u-ly tlic same 
;~niplitude are expanded and can be meas- 
ured  more accurately on the crt. Also, 
t h e  crt  now measures relative input pozc~er. 
Doubling the input power doubles the ver- 
tical deflection. Thus,  the square-law mode 
causes the output to hehave exactly the 
opposite of the logari thn~ic mode. 

T H E  JJIDL:O AMPLIFIER 

T h e  detector circuit is followed hy the 
Video A~nplifier Signals a r e  fed into the 
:unplifier :uid applied, push-pull, to tlie cr t  
vertic:~l-deflection plates T o  increase the 
versatility of the spectrum analyzer, video 
signals can be fed directly into the ampli- 
f i e r ,  bypassing the i.f. antl detector por- 
tions of tlie instrument. Tliis allo\vs an os- 
cilloscope display of ordinary time-based 
sign:~ls. 

I M A G E S  AND O T H E R  SPURIOUS 
.SIGNALS 

U n t i l  n o w ,  
w e  h a v e  a s -  
sumed that only 
the signals ap- 
pearing in the 
area of the cen- 
ter  frequency 

a r e  presented on the c r t  display. Unfor-  
tunately, this is not almays the case. Other 
signals also sneak through tlie analyzer 
:wd are displayed. 

Assutue you have set the tuning dial a t  
300Mc to observe a signal of that fre- 
quency on  the crt. Smce 300 Mc is tlie 
center-frequency signal, it will appear a t  
the center graticule line Assume further  
that along n i t h  tlie 300-Mc input, another 
signal with a frequency of 700 M c  is pres- 
ent at  the input. 

Since the first 1-.O. oper;\tes 2OOMc 
Iiigl~cr t l im t l ~ e  tlesired input sigi~al, it \\.ill 
be occillating at  .5OO Mc. This irequency 
11cats 1vit11 the 300-Mc input to produce 
the 200-Llc difference which is allo\ved 
to p x s  t l~rough the 1st i.f. 

But . . . . the difference between the 
500-LIc Id.O. a ~ i d  the 700-IIc input is c~lso 
200 h4c! So,  it too is introduced into the 
1st i.f. m d ,  :is you \vould expect, appears 
on the crt - exactly super-imposed on thc 
300-Mc signal at the center graticule line. 
Now, set the dinl slightly to either side of 
the 300-Mc center frequency. This  c;wscs 
the sign;lls to move from the center gl-nti- 
cule arca. Ho\vcver, e:lch signal goes in 
the opposite direction! ! .A little aritlimetic 
\rill prove \vhy. 

Moving the L.0. to 530 Mc, for  ex;ln?ple, 
(tuning tlial reading 330hIc,  of course) 
produces n I x l t  of 230 Mc for  the desired 
inpu! sign:~l of 300 Mc. As  the output of 
the 2nd i.f. is s w p t  through its r m g e  
of 170 M c  to 230 Mc, it's ol~vious that the 
true signal now will appear on the extreme 
riglit of the CI-t. The  L O .  frequency of 
.530Mc :llso beats xvitli the 700-Mc input 
m t l  produces :I difference frequency, o r  
beat frequent>, of 170 Mc. Thi5 causes it 
to appe:lr to tlie eutrcme left of the crt 

This  illustrates :in important rule : Tun-  
ing the L.O. (main tuning dinl) to a higher 
frequency causes the true signal to movc to 
tlie right of the crt  ; unwanted sign;& movc 
to tlie left. These undesired responses a re  
called "images," or "spurious" responses. 

As  signals above :~nd  belo~v the center 
frequency of the 1st L.O. can produce beat 
frequencies, either of the two could be 
called the "true" signal, depeiidin:: upon 
how we IalxAed the tuning dial. \\'e simpl) 
choose to call signals below the frecluency 
of the L O .  true responses antl all signals 
above it, tlie image signals. T h e  i f . ,  o f  
course, doesn't lanow the difference. 

Another type of spurious response that 
sliows up on the crt  is caused by input 
signals that fall within the bandpass of tlie 
first i.f Any input signal falling within 
tlie range of 170 M c  to 230 M c  will be dis- 
played. Tliis is called i.f. feedthrol<gh. 
This type of spurious signal is the easiest 
to identify. Moving the tuning dial either 
direction does not shift the display on the 
crt. This  is because the 1st I*.O. does not 
beat with :my input signal to produce the 
response. 

Figure 6 shows two unlaiown signals on 
the crt  of the scope. Note their positions 
on the graticule. T h e  dispersion is set at  
50 Mc Thus,  each graticule line represents 
5 M c .  First  attending to sign:ll A ,  move 
it to the center graticule line. This  ~ 1 1 1  
determine tlie center frequency of the sig- 
nal a s  read on the tuning dial. Assume that 

Figure 6. Display after  shifting image to center 
of graticule. This illustrates how two signals, 
separated by 390 Mc, show up only 10 Mc 
apar t  on the crt. 

it was necessary to tune the tlial higher in 
frequency. The  signal moved higher in 
frequency, also (tow;mls the lef t) .  This 
identifies signal .A :IS :t spurious, o r  image, 
response. 1ie:lding the tuning di:d gives us 
:i figure of 205Mc. \\'e Imon the L O .  
is operating 200 Mc above the tuning-dial 
sexling, so it must be oscillating at  405 
Mc. The  image, therefore, is 200 Mc above 
that, o r  605 M c !  

Signal B \\a5 moved to t l ~ c  riglit (down 
In frequcncy) to 1)e located at  the center 
graticule linc T h e  tuning dial would no\v 
rc:\tl 215 Mc, which is the frequency of tlie 
true input signal 

I-IARMOh7IC SPURII  

\Vhen the opera- 
tion of tlic Spectrum 
Analyzer is consid- 
ered, remember that 
any complex wave- 
form is tlie algebraic 
sum of a number of 
pure sine waves. The  
an;tlyzer permits the 

display of these individual sine waves on 
an oscilloscope. T h e  liorizontal sweep rep- 
resents some continuous frequency range 

Any sine wave passed through a non- 
linear device, such as a tube or  a transistor, 
will be accotnpa~ned in the output by a new 
set of frequencies called 1ic1r11ionic.s. These 
frequencies will be exact multiples of the 
original, l ~ u t  of decreasing amplitude The  
second l~armonic,  for  example, of a 200-Mc 
signal, is 400 M c ;  the 3rd, 600 Mc, etc 

Here  is where we can get into trouble 
wit11 our typical spectrum ;ui;ilyzer. Orig- 
inally, \vc spoke of all the signals present 
at  tlie output of the f i n t  m i s e r :  the orig- 
inal L 0. frequency, the original input sig- 
nal, the sum of the two, :1nd the difference, 
which was the one selected for  i.f. am- 
plification. \Ire also learned that  any signal 
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170-hfc to 230-Mc h i g h e ~  than the L.O. 
frequency would also produce a beat that 
fell within the bandpass of the first i.f. 
.hid, finally, there was i.f. feedthrough. 

But, unfortunately, there are other spurii 
which can show up on the crt screen. 

The mixer will produce harmonics of 
its two input signals, (original signal and 
L.O.) which are present in the output. Har-  
monics of the  L.O. are of particular interest 
to us now. Fo r  example, assume the L.O. 
could be set at  300 Mc to show a 100-Mc in- 
put signal on  the crt. The second harmonic 
of the L.O. is 600 Mc. I f  there were a 400- 
Mc signal of equal strength at the input 
of the analyzer, it, too, would produce a 
200-bfc difference and be displayed on the 
crt! Because of the decreased amplitude of 
the harmonic, however, the crt presentation 
would be less than that of a true-response 
presentation. (Bear in mind, however, that 
tlie 100-Mc signal could have a signal 
strength several times that of the true sig- 
nal and show up as a larger amplitude pre- 
sentation than tlie true one). 

Also, an 800-Mc signal, if present at the 
input, would beat with the 2nd Inrnionic of 
the L.O. and produce the 200-Mc i.f. differ- 
ence signal. Likewise, the 3rd harmonic of 
the L.O. - 900 Mc - could beat with a 
700-Mc input, or a 1,100-Mc input and pro- 
duce the 200-Mc i.f. frequency ! 

Fortunately, these harmonic-caused spurii 
can be easily recognized. Increasing the 
L.O. frequency by 100 Mc, for example, in- 
creases the 2nd harmonic by 200 Mc, and 
the 3rd by 300 Mc. Thus, harmonic spurii 
move across the screen faster than true 
response or images. 

Assume inputs of 700, 400 and 100 Mc. 
Tlie L.O. is  set at 300 Mc to display the 
100-Mc signal at the center of the crt. The 
dispersion is  set at 10 Mc, each centimeter 
representing 1 Mc on the crt. At  the center 
of tlie crt, only one signal is observed. Ac- 
tually, three signals are present - the true 
signal which is L.O. minus the input fre- 
quency of 100 Mc, 2 x L.O. minus the input 
frequency of 400 Mc and 3 x L.O. minus the 
input frequency of 700 Mc. All these differ- 
ences are exactly 200 MC I See Figure 7. 

Tuning the L.O. up I Mc in frequency 
will shift tlie true signal, 100-Mc, exactly 
1 division t o  tlie right (remember that tun- 
ing higher in frequency shifts true signals 
towards the minus-frequency or right hand 
side of the crt) .  The I-Mc shift upward 
caused the 2nd harmonic to increase 2 Mc, 
and this moved the 400-Mc input two  divi- 
sions to the right! The 3rd harmonic in- 
creased by 3 Mc, and the 700-Mc signal ap- 
peared three divisions to the right of center. 
Assuming inputs of equal signal strength, 
tlie 2nd harmonic signal would be less than 

Figure 7. Display showing effects of moving 
tuning dial up 1 Mc to recognize and separate 
spurii from true response. 

less than the secontl. Observe that, unlilce 
images, moving the L 0 up in frequency 
causes these harmonic spurii to move in 
the same direction as true responses. 

JIARKER O S C I L L A T O R  

A feature of the spectrum analyzer is the 
Marker Oscillator. I t  generates a 200-Mc 
signal which is fed into the 1st i.f. of tlie 
analyzer. You can use it to determine rela- 
tive frequency or f requencp dif ieretlce of 
signals observed on the crt. 

You'll remember that the center frequency 
of tlie 1st i.f. is 200 Mc. The marker fre- 
quency of 200 Mc is injected into the i.f. 
and will exist at  the center of the bandpass 
of tlie i f .  You can sap, therefore, that the 
200-Mc marker indicates the center fre- 
quency of the i.f. and is displayed at  the 
center graticule line of the crt. The  marker 
appears as a spike, or "pip", much like the 
time marks used to calibrate oscilloscopes. 

A front-panel control, the "Frequency- 
Difference Control," allows the marker to 
he tuned to either side of its 200-Mc mid- 
range, usually plus or minus 30 Mc (170 Mc 
to 230 Mc).  Figure 8 gives an example of 
the use of the marker. 

the amplitude of the true response and the 
Figure 8. Dispersion is 50 Mc, Each cm = 

3rd harmonic signal amplitude would be 5 M,. ~~~k~~ reads frequency difference. 

First, line up the marker "pip" and the 
signal at  "A". The control reads -20 Mc. 
Movilig the marker over to signal "B" and 
liniug them up, the control reads +20 Mc. 
The frequency difference is 40 Mc and that 
is the frequency difference between signals 
"A" and "B". Assume the main-tuning dial 
is tuned to 1,000 Mc. Tlie dispersion is set 
at 50 Mc. Each graticule mark now repre- 
sents 5 Mc. No signal appears at  the center 
graticule line, which represents the center 
frequency. Therefore, no input at 1000 MC 
is present at the input of the analyzer. How- 
ever, there is a signal 4 graticule lines to 
tlie left of the center one. This signal is 
20 Mc less tlian the 200-Mc center fre- 
quency, or 180Mc, and corresponds to an 
original input of 1,020 Mc. Tlie signal on 
the right, "R", is 20 Mc greater than 200 
Mc and is produced by an input of 980 Mc. 
Remember to read frequency from right to 
left ! 

As we have seen previously, spurious in- 
puts will also produce similar signals on the 
crt. An input of 1,380Mc will produce a 
signal similar to "A" and an input of 1,420 
Mc will produce one similar to "B". Note 
that in the case of these and any images, 
frequency is read from left to right, in the 
normal fashion. You can, of course, identi- 
f y  true signals by shifting the main-tuning 
dial and observing which way the signals 
move on the crt. 

The marker- 
oscillator out- 
put can be fre- 
quency - modu- 
lated, also Two  

q u e n c i e s  a r e  
available on this typical analyzer: 1 Mc and 
100 kc. \\'hen modulated, the 200-Mc mark- 
er signal now becomes a complex waveform 
which the analyzer will break down into 
individual sine-wave components (which is 
what our analyzer does to all complex wave- 
forms!).  These are displayed on tlie crt as 
pips, spaced equally apart. These pips ex- 
tend to the right and left of the marker 
center-frequency displayed on tlie crt. The 
separation between the pips is equal to  the 
modulating frequency that caused them. In 
other words, with a dispersion of 10 Mc and 
the marker set on 200 Mc, a modulating fre- 
que~icy of 1 Mc will create a "pip" at each 
graticule line. These pips are called the 
"pickrt fence." 

V E R T I C A L  A M P L I T U D E  M E A S U R E -  
M E N T S  

Look at  the graphical view of the band- 
width of the 1st i.f. (Figure 9 ) .  The ten- 

ter frequency is 200 Mc. The baudwidth 
litnits are 170 Mc to 230 Mc and is ex- 
pressed in db variation, usually *3 db. The 
figure shows that the flat portion of the 
curve can vary between minus 3 d b  and 
plus 3 dl). This is a 6-db variation! Per- 



Figure 9. Bandwidth of 1st i.f., reproduced on 
crt by sweeping constant input signal over 60 
Mc range. Note that despite constant input, 
there i s  o 6 db variation between 170 Mc and 
230  Mc. 

h a p s  ;it t l ~ e  170-h4c point, rlic ~-cspo~lsc is 
f 3 t l l ) .  At  the 230-hIc point, it could I)c 
-3 dl>. -1 single, const;tnt-inpilt signxl, 
s ~ v e p t  isoil1 170 to 230Mc, \vill protlr~cc ail 

110i1its ;tlong the 11osiz01it:~l :\xis :~ l t I~ot~gl i  
the  iiipi~r 11;ttl not chnngetl at all. 'Fllere- 
f ~ ~ r c ,  i t  is irn11ort:mt that :tll m e ; ~ s u r e m c ~ ~ t s  

t11e sig11:11 wtlcr  ~ ~ ~ e : t s ~ ~ r e n i e n t  lined 1111 :it 
t l ~ e  center gs;iticulc line. Tlins, n constant 
output  iroiii the cletcctos is assured. 

tcctor i i  i l l  rile liile:ts ~iiotle. Tllc I;\i-gest 
siK11:el is rcducctl, \vi t l~ tlle ;tltcni~:itor, to 
rllc o ~ - i ~ i ~ ~ : \ l  ;tlnplitutle o i  tlic second sig- 

illput signals \vcl-e ~lc; i~-ly the s:me :t~iipli- 
iutle, tlic s~lii:~rc-l:c\v tlctcction mo~lc  coultl 
I ) ?  uietl. 

product line ic;tt111-cs scver:d cliiicrcnt iiiotl- 
els covering o t l ~ c r  postions o i  tlic electro- 
m;iyletic spectrum, so~iie o i  \vl~icll oper- 
:tte :t little d i f ~ e r c ~ ~ t l y  t11:tn cxpl:tined hex-e, 
r l l c .  : t l l  do one 11;isic tl~ing. 'FIrq. I)rcxk 
d o \ w  co~iiplcs \ ~ : I ~ C ~ O S I I I S  :~ntl  tlispl;iy them 
on :ill oscilloscope ;I< ilitlivitlu:tl sine \v:ives 

Iiuss h I > ~ r  received his 11-;lining in lxisic 
clcctst~nics :it tlic \.enczuel;i Co~nmunica- 
tion School i l l  C::~r;~c;is, \ienezuela. 

H e  c:mc to l'elitsonis, Inc. in April of 
1962 ;ind \vorlted in the Test  nntl Calibra- 
ti011 and Cristoiiiers Service departments 
I~eforc  tr ;~nsicrsing,  recently, to  the Ad- 
vertising Ilcpt. ;is :{ teclinicnl writer. 

T h e  Editor 

Band 2 
Dial 

Reading 
230 
240 
250 
260 
2 70 
280 
290 
300 
3 20 
340 
360 
380 
400 
450 
500 
550  
600 
650 
700  
750 
800 
850 
900 

Chart 1. 

n = 5  
Kmc 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
3.05 
3.30 
3.55 
3.80 
4.05 
4.30 
4.55 
4.80 
5.05 
5.30 

sens 
-dbm 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 

n = 6  n = 7  
sens sens 

-80  dbm - 75 dbm 
Kmc Kmc 
2.38 2.81 
2.44 2.88 
2.50 2.95 
2.56 3.02 
2.62 3.09 
2.68 3.16 
2.74 3.23 
2.80 3.30 
2.92 3.44 
3.04 3.58 
3.16 3.72 
3.28 3.86 
3.40 4.00 
3.70 4.35 
4.00 4.70 
4.30 5.05 
4.60 5.40 
4.90 5.75 
5.20 6.10 
5.50 6.45 
5.80 6.80 
6.10 7.15 
6.40 7.50 

n = 8  n = 9  
sens sens 

- 7 0  dbm - 6 6  dbm 
Kmc Kmc 
3.24 3.67 
3.32 3.76 
3.40 3.85 

3.94 3.48 - - ._ 
3.56 4.03 
3.64 4.12 
3.72 4.21 
3.80 4.30 
3.96 4.48 
4.1 2 4.66 
4.28 4.84 
4.44 5.02 
4.60 5.20 
5.00 5.65 
5.40 6.10 
5.80 6.55 
6.20 7.00 
6.60 7.45 
7.00 7.90 
7.40 8.35 
7.80 8.80 
8.20 9.25 
8.60 9.70 

n = 1 0  n = l l  
sens sens 

-63  dbm - 6 0  dbm 
Kmc Kmc 

Chart for determining the value for n in the equation F r r  + 200 = Fd + 200. 

n 



f o r  F,i bet\veen 1 I<mc ruitl 12 1<mc 
is 5 to  11 ( f o r  Tl pe L-20) 

Fd = Band 2 dial settings 

Scn%tivities a r e  est~matetl-we make no 
production measurcmeilts, nor do ?i8r g ~ u i r -  
otltee prrforirlci~lcr 111 t l ~ u  frrqrrrf~cy rcmgt. 
Engineering tests (lo, however, indicate tli:tt 
the Type I*-20 exceeds the estimated sensi- 
tivities in most cases. 

S O T E :  You should always operate at the 
lon.est 11:lrmonic possihle so :is to ;tcliieve 
best sensitivity. .\]so, on Cli:~rt 1 I~elow, 
those numlxrs to the right :inti l)elo\v the 
miti-cl~nrt line (lo not :ippe:~r on the (lid 
of the T y p e  Id-20 Spectrum .4nalyzer. 
Those tiurnhers a l ~ o v e  and to the lei t  o i  
the mid-chart line do appear on tlie dial at 
;i low order of Iinrmotiic. 

TYPI:  515B AA'D T Y P E  R114515B 
O S C I L I ~ O S C O I ' S S -  I114PR01'lX3 V E I C  
TICAI.  A M P L J F I E R  I IF RII.SPONS1~ 

You c:m improve the high irequency 
response of t h e  Type  545B (s/nJs 101-1079) 
and the T y p e  liM.545PJ (s/n's 101-219) 
Oscilloscopes hy replacing C551, a fixed 
7.5 pf c:tp;icitor, \vitl~ a 5-25 pf variable 
capacitor (l 'elitronix part number 281-0075- 
00). C55l is located on the loner  Vertical 
Amplifier c11:tssis. You will need to re- 
arr:lnge the cotnponents on the ceramic 
strips to accomruodate the larger replacement 

Figure 1 .  "Before" and "After" sketch showing 
the placement of  components on the ceramic 
strips when making the modification to improve 
the vertical amplif ier  high frequency response 
in the Type 5 4 5 6  and Type RM545B Oscillo- 
scopes. 

capacitor. F igure  1 sho\vs :t " I IEFORE" 
and " A F T E R "  sketch of t l ~ i s  modification. 

fiemove C55l from tlie cer:t~iiic strips, 
located on the  lower Vel-tical Amplifier, 
just above the  t\vo TA1938 tr;tnsistors (2513 
and Q523. Follow the B E F O R E  and 
A F T E R  drawings a i d  rewire the ceramic 

strips to :tccom~notlate the new C55.5 capaci- 
tor. Refer  to your Instruction M;~t~u:il 's Cali- 
ljration section and recheck the \7ertic;il 
Adjustment, atltling C55l to the procedure 
:is 11ecess;iry. Don't neglect to c11;inge the 
parts list : i d  sclieni;itic values in your 111- 
struction M:tnu;il to :igree with the ~ icv .  
capacitor. 

TYPI :  2B67 T I M E - B A S E  UNIT- 
R l 1 S T E R  

L.M.Unct Left Stde 

-1OOV 
1300 V 

V135B 

---_ 
R.H Unll 

7) 

I°CRT 

13;s !'In: 

I O O K  R H. Side 

- ICOV 
Ver t icd  Blanking Mod for 561/67/67 

Figure 2. Partial schematic and sketch of com- 
ponent placement on the involved ceramic strips 
when making the vertical blanking modification 
to the Type 2 8 6 7  Time-Base Unit. 

\\lien two Type  21367 Time-I3:lsc Units 
:ire used for  rastcl- :ipplic;ttions in a Typc 
.56lA or  Type -564 Oscilloscopes the left- 
hand unit will not bl;inl< the vertical retrace. 
A slight 11iotlific:ttion to the two Type 
2E67's will :~llo\v the left-hand 2B67 to  
1)l;inli the vertical retrace. Figure 2 shows 
tlie circuit modification in scliematic form. 
\\'it11 this circuit, if either time hase says 
"off" the 1)e:um turns of f .  Tha t  way it's 
o i i  (luring e:tch retrace of the horizontal 
:tnd off durinx vertical r e t r x e ,  too. This  
cil-cuit \vorks tvell \\.it11 moderately slow 
sweeps. It will vot work at  very fast 
sweeps; there just isn't enough current in 
the Type 2E67 systein to pull these plates 
:trout~d very rapidly. 

, . I l lere a rc  four steps involved in the 
motliiication and here they a r e :  

1. O n  the bottom ceramic strip of each 
of the two 2R67's, remove the white- 

grey lead from the entl of R138 (8.2 Ic) 
resistor and move it two notches to 
the rear. 

Connect a 100 I<, /L\ resistor (Tek-  
tronir  part numl~er 302-0104-00) be- 
t\veen the 8.2 I< resistor (Ii138) and 
the ivhite-grey wire moved in Step 1. 

Shunt the 100 k resistor installed in 
Step 2 \vith ;I 6061 diode (Tckt ronis  
part n u m l m  152-0061-00). Connect 
tlie catliotle entl o f  the diode to the 
junction of t l ~ e  8.2 1; :tritl 100 1i resistors. 

On the T!.pe 56lX (or Type 564) 
Oscilloscope, run :I Iexl from pin 13 of 
t l ~ e  righ-ll;intl interconnecting socket 
to pin 13 of the left-ltnntl interconncct- 
ing socliet. 

In  sonic of these instruments, triggel- 
jitter may 11e :cpparent \\hen Time-Base 
'13' is triggered with the M O D E  switch in 
the -EST position. Slioultl this he ol~jec-  
tional~lc, rep1;icing R92, a 22 I<, I w, 5% 
resistor, with a 2 0 k ,  1\v, 5% resistor, 
(Tcktronix part nutnl~er 303-0203-00) will 
climin:ttc the jitter. 

R92 is 1oc:itetl on the '13' sweep c1i:issis 
hetween the center t\vo ceramic strips, ~ v i t h  
one eiid coniicctetl to L424, a 225 ph in- 
ductor, \vhich is directly over V424, ;1 6AU6 
tul~e.  Be sure to note the c11:ungetl value 
for  KO2 in your Itistruction Mmual 's  part 
list :uid scl~ematic \vhen you r n ~ l t e  this 
rnotlificatiot~. 

T Y P E  Q 7'I?A.V.SDI/C13R (5 . STRAIN 
GAGE I-'I.UG-IN UNIT-POS.SIBLI: '  
Tll.k4P13Rd T I J R E / G A I N  PROBLEM 

Some Type Q Units \vithin the serial 
number I-ange o i  101 through 1629 will 
exhihit :t temperaturc/gain prol~lem. The  
gro l~ le~i i  m;~nifcsts itself ;IS :I c l~ange  ill 
gain \vith ;I change in temper:tture and is 
most likely to occur during warm up of the 
Q Unit. It can result in a significant 
measurement error. T w o  0.02 pf tliscaps in 
tlie ;t~iiplifier cause t l ~ c  inst:il)ility. Replacing 
these with 0.022 pf ,  200 v, P T M  capacitors 
(Tcli t ronis  Inr t  nu~i i lx r  285-0566-00) will 
;issure st;tl~le opcr:ttion during and a i te r  
\v;irm up. 

\\'it11 the & unit turiied upside tlo\vn on 
the bench and tlie front panel facing you, 
C.5721 :iitd C5755 nre locntctl on the four- 
notch ceramic strips directly behind the 
iront  p;wel and under the S T R A I N / D I V .  
switch. 

After  m;iking this modification, correct 
the parts list and sc l~en~nt ic  in your Typc 
Q Unit Instruction Manwrl to agree with 
the xvork you have done 



T Y P E  519 O S C I I L O S C O P I  - POS-  
S I B L E  S H O R T  IIAII.IAGE I!V I$V 
S U P P I < Y  

Accidentally grounding tlie HV supply of 
the  T y p e  519 Oscilloscope (s/n's below 
560) may cause C841, ;in 0.01 pf-500v 
capacitor ,  to short. This short will, in turn, 
d a m a g e  1'800, the 6.4U5 oscillntor tube in 
the  H V  circuit. 

Replacing C811 witli a c:ip;icitor having 
:i h igher  voltage rating \\.ill protect against 
this damage. The  replace~nent should be an 
0.01 p f ,  1 kv capacitor (Tektronir  part num- 
ber 283-0013-00). C831 is located in tlie 
HV supply between pin 7 of V814 (:i 
1 2 A U 7  error-signal-am1)lifier tube) and 
ground-consult the C R T  C I R C U I T  sclne- 
matic in your Type 519 nianual. Re sure to 
note the changed value for C841 in tlie 
schematic and parts list of your m;lnual. 

T Y P E  519 OSCILLOSCOPE - R1Z- 
P L A C E M E N T  C A P A C I T O R  C O V E R  

I~istal lat ion of a new type capacitor cover 
on  C655 will o f fe r  more protection against 
a r c i n g  of this capacitor in tlie Type 519 
Oscilloscope. C655 is a 2 x 1000 pf ,  450 v, 
E M F  capacitor in the 6.3-v crt-heater cir- 
cuit of  the Type 519's power supply. Under 
t h e  proper atmospheric conditions and at  
4000 foot elevations, pins 16, 17 and 26 of 
T601 and the can of C655 may arc  to 
ground.  Should this occur, tlie two dioocles, 
D655 and D656 may be destroyed and 601 

damaged. N o r ~ n a l  age deterioration of tlie 
original capacitor cover will enhance tlie 
possibilities of this arcing. 

Tlie new c:rpacltor cover (Tektronix part 
number 200-0293-00) is molded of a recently 
:ivailable plastic, highly resistant to age de- 
terioration and with very effective insulat- 
ing abilities. 

T Y P E  160A POTVER S U P P L Y -  EX- 
CI:'SSI171: R I P P L E  O N  t-225-SUPPLY 

U ~ i d e r  conditions of high-load demand at  
the output and :i low-line supply at  its power 
source the Type 160A Power Supply (s/nls 
101 tlirougli 9049) may exhibit ripple 011 

the +225-v supply that exceeds specifica- 
tions. Changing R33 from a 1 meg to a 1.5 
meg '//2 W, 10% resistor will assure that 
ripple on the + 225-v supply remains within 
specifications. R33 is located on the Type 
160A cllassis between pin 5 of V33 (a 
6AU6 tube) and pin 2 of V35 (a  6080 
tuhe).  Tektronix part numher for  the 1.5 
meg resistor is 302-0155-00. After  you make 
the replacement, note the changed value for  
R33 in the parts list and on the schetnatic 
of your Type 160.4's Instruction Manual. 

REPRINTS AVAILABLE 

Reprints of two articles written by Tek- 
tronix personnel and which appeared in 
technical magazines recently a r e  available. 

T h e  March, 1965 issue of T H E  M I C R O -  
\VAVE J O U R N A L  contained an article on 

spectrum analyzers. Title of the article is 
"Oscilloscope Plug-In Spectrum Analyzers". 
Three Tektronix design engineers, Arnold 
Frisch, Project Manager, and Lar ry  \Veiss 
;ind Morris Engelson, Design Engineers 
with tlie Spectrutn Analyzer group in our 
Instrument Engineering Department, collab- 
orated to produce this article. I t  deals pri- 
marily with tlie plug-in type of spectrum 
analyzers designed for  use with the Tek-  
tronix Type 530, 510, 550 and 580 Oscillo- 
scopes. 

Following a brief rundowti on the prin- 
ciples of a spectrum analyzer's perfortnance, 
the article explains how the plug-in analyzer 
uses to advantage certain oscilloscope char- 
acteristics ; sucli as, tlie calibrated sweep, the 
expanded sweep, intensity modulation and 
(as  in tlie case of the Type 555 Oscillo- 
scope) dual beam presentation. 

T h e  January, 1965 issue of E L E C T R O -  
T E C H N O L O G Y  carried an article on 
sampling oscilloscopes elititled "Nanosecond 
Measurements with a Satnpling Oscillo- 
scope". T h e  author is H. Allen Zitmnernian, 
Project  Engineer with the Tektronix, Inc. 
Instrument Design Department. Tliis article 
describes the satnpling process and discusses 
the usefulness and versatility of a sarnpling 
oscilloscope. 

Reprints of either or both of these articles 
can be obtained from your local Tektronix 
Field Off  ice, Field Engineer, Field Repre- 
sentative or  Distributor. 

A NEW TELEVISION 
WAVEFORM MONITOR 

THE TEKTRONIX TYPE RM529 

T h e  Tektronir  Type RM529 is a ne\v 
television \vaveform monitor with capabili- 
ties for precise ~ueasurenient of Vertical 
Interval  Test  Signals ( V I T )  . 

V I T  signals have been in use in Europe 
and  Canada for  the past ten years. Their  
use on the Sort11 American continent was 
pioneered by the Canadian Broadcasting 
Corporation. Tlie United States government 
authorized tlie use of V I T  signals in that 
country a s  far  back as 1956. They liave, 
Iio\vewr, only recently come into common 
use there. 

T h e  Type IiM529 is designed for  use 
nit11 tlie .52.5/50 line scanning rate usetl in 
the  United St:itcs :ind here in C:unatl:~. This  
instrument can I)e obtained (on special 
o r d e r )  \vitln minor inot1ific;itions to tlie 
s\vccl) ;ind vcrtic:il ;implificrs that :idapt it to 
other  systems currently in use, including 
405/50, 819/5O or liigli-I-csolution closed 
circuit systems. Telitl-onis, Tnc. :ilso pro- 
duces television \v:ivciorm monitor, the 
T y p e  IiM529 NOT) 158E, that is designed 
speciiic;illy iol- the CCl l i  system. Tliis 
i~istrunic~it  is of i~itercst, primarily to  tcle- 

vision :iutlioritics, engineers atid technicians 
i l l  ;ire:is other than the Sort11 American 
continent. 

Tlx nitle I);intl\vidtli of tlic Type RM529- 
il:u to X MI-Iz-assuses excellent wiveform 
iitlelity :uid ~ii;iIies the instrument ideally 
suited for sine-squnrcd testing. 

.-\ 11e\v Iiighly cificient 12.7 cm alumini- 
zed ~iio~io-:iccelerntor crt opcr:iting at :in 
incre:iscd :iccelcsating potential, . assures 
brigliter \v:iveform displays in line-selector 
operation. Irie\ving are:l is 7 x 10 cm. 

'lie electrical design of tlie instru~inents 
incorporates the best of both solid state and 
vacuum tulle circuitry, thus assuring extra 
high relial~ility and longer component life. 
Except  for  tile t\vo power trmsistors  all 45 
transistors a re  socliet mounted to enhance 
serviceability. Tlie two power tratisistors a re  
bolted to tlie lieat sink on the rear panel of 
tlie instrutnent. V;lcuum tubes (there a re  
only seven in tlie instrunient) liave been 
usetl in but a few circuits, and then, only 
\vlien they offered superior performa~ice o r  



better reliability over presently available 
sem~conductor devices Total pones consump- 
tion 1s only 80 watts antl t h s  low power 
consu~iipt~on precludes the need for a fan 
Tlie result is cleaner operation and coniplete 
freedom f rom mechanical noise 

The design of the Type RM529 is com- 
pact. The  instrunient fits in :i st:uidard 19" 
rack and requires only 51/," of vertical rack 
space. I t  is designed for mounting ~vit l i  tlie 
Conrac picture monitor, o r  other conimer- 
cia1 picture nionitors in a stantlard console 
or relay rack installation. 

A positive field selector is incorporated 
in the Type  RM529 and is ideal for  monitor- 
ing V I T  signals. 

A video signal is composetl of frames 
(coniplete pictures) .occurring a t  ;I 30 H z  
rate. Each f same is divided into two fields 
-Field O n e  and Field Two. Each field 
contains 262% lines, making up a complete 
frame of 525 horizontal lines. Tlie two 
fields interlace; that is, Field One  lines oc- 
cur between those of Field Two. Close in- 
spection shows tlmt a full line of video 
precedes Field O n e ;  wliile only noe-half line 
of video precedes Field Two. These two 

or tr~~rporrrry lo.\s o f  video, this c~rcnit  z ~ d l  
t r l~ i~rys  r c t ~ o t ~  to thr proper firld 

By introducing a delay between these trig- 
gers : ~ n d  the start of the sawtooth, any line 
of the T V  raster c;in be inspected indi- 
vidually. Horizontal magnification allows 
more detailed inspection of tlie signal on 
the line selected. 

Bright uxveform displays a re  another 
iniportant feature o i  the Type RM529. A 
single line tlisp1:iyed a t  a frame rate is in- 
Iierently dim. Tlie Line Selector circuitry 
in tlie Type R E 2 9  furnishes a brightening 
pulse to the crt  grid (ac-coupled). Tliis 
feature malies it unnecessary for  the opera- 
tor to re-adjust the intensity control in line- 
selector opesation. I t  also litnits the nornml 
intensity range, thus preventing accidental 
I~urning of the crt phosplior; particularly in 
tlie event of sweep circuit failure. T h e  net 
result is \\aveformi-exceptionally bright 
: i d  sharp-that a re  clearly viewed or  plioto- 
graphed. 

ident~fying features occur ii~~r~rcdintely be- 
fore the vertical blanking pulse which pre- 
cedes the field in question (See Figure 1, 

measurements. 

T h e  lowpass  position is used to attenuate 
tlie high-frequency bursts on tlie multiburst 
signal when making axis-shift measurenients. 
I t  will limit the 0.5 MHz-modulation to ap- 
proximately 20% of the original amplitude. 
Modulation is scarcely detectable on the 2- 
M H z  portion of the burst antl negligible at  
the higher frequencies. (Tliis response posi- 
tion is also useful when it is n e c e s i r y  to  

Figure 1 .  shows the differences between Field 
O n e  and Field Two. (Double exposure 
photograph) 

point a and b.) Careful ~nspection of the 
vertical-11l:inking pulse reveals another dif- 
ference between Field One and Field Two- 
a difference in the time relationship between 

ol~serve a waveform in tlie presence of 
extreme amounts of white noise.) 

T h e  I E E E  position is the standard re- 
sponse designated by tlie broadcast industry 
in Canada and the 1J.S.A. for  making ampli- 
tude measurements. I t  renioves the chromi- 
n a m e  signal from video containing color in- 

the last equalizing pulse and the first hori- 
zontal-sync pulse. (See Figure 1,  points c 
and (1.) This  difference enables electronic 
circuits to identify individual fields. 

A prime feature of the Type RM529 is 
the ability t o  distinguish between Field One  
and Field Two.  Through the use of ap- 
propriate delay circuitry to interrogate the 
vertical blanking interval, tlie Type RM529 
can generate a trigger \vliich positively 
locks the Field Trigger Generator to  Field 
One o r  t o  Field Two. Hence, triggers 
initiating a sweep ;it the start of either Field 
One o r  Fieltl T w o  can be selected with a 
f ront-panel switch. A f t e r  rr voise t r n n s i e ~ ~ t  

T h e  Type RM.529 has four vertic:il-amp- 
liiier-response positions: high pass, lo\\, pass, 
IEEE antl ilat. 

T h e  high-pass or  chroma position is often 
used to remove low-frequency components 
from tlie staircase. \Vith these removed, 
amplitude of the 3..58 M H z  niodulation is 
more easily measured and differential gain 
determined. Adequate reserve gain exists to 
expand tlie subcarrier signal for  accurate 

Figure 2. 2T Signal. Multiple exposure. le f t :  
2T. Center: T. Right: '/2T Sine2. 

formation, and eliminates high frequency 
noise \vliicli is often present. 

The  flat response position is usually used 
\vlien making measurements with multiburst 
and sine' pulses. I t  will not significantly 
attenuate a T pulse and it provides good re- 
production of the 50 nsec % T pulse, see 
Figure 2. Tliis position is also useful for  
niaking signal-to-noise-ratio measurenients 
because it readily passes all white noise 
present in the system. A calibrated 1 4 d b  
increase in sensitivity over the 1 . 0 ~  full- 
scale calibrated sensitivity is provided for  
such purposes. 

DC RESTORATION 

A tlc restorer on-off switch is incorporat- 
ed in the Type RM529 to facilitate its use 
;is a motlul:ition monitor. In  normal use. tlie 
dc restorer serves tlie function of clamping 
the video signal to a reference level so that 
it will not change position with varying 
average voltage level (brightness). The  dc 
restorer nornially clamps to  the back porch 
of the video signal. Black level is usually 
set to 7.5 I E E E  units above the back porch, 
and the white level to 100 units. Tlie bottom 
of the sync tip is normally set to -10 I E E E  
units. Studio signals a re  usually measured 
at the I v level and I v ec~uals 140 I E E E  
units in normal signal. 

\\'lien the dc restorer is turned of f ,  the 
input capacitor of the Type RM529 may be 
shorted out. All following stages a re  dc- 
coupled, making it possible to use the Type 
RM529 in conjunction with a diode detector 
for % of modulation measurements. Sig- 
nals which a re  not video, such as found in 
tape recorders, may also be measured. D C  
coupling is also useful for  measuring hum 
and bounce in the video system. Wi th  the 
clc restorer disabled, and the input of the 
Type  RM529 ac-coupled (normal) ,  the low 
irequency 3-tlb down point is approximately 
0.32 Hz. 

Botli the back porch (blanking level) 
and tlie sync tip represents stable reference 
levels in the video signal. Back-porch 
claniping has in the past been objectionable 
because it interfered with color burst. De- 
sign considerations in the Type  RM529 
makc t h ~ s  objection invalid. Back-porch 
clamping has the advantage that  there is a 
more direct relationship between the blank- 
ing level (back porch) antl picture black 
level than there is to tlie sync tip level. ( A  
simple modification of the Type RM529 
circuitry will adapt the instrument for  sync- 
tip claniping This modification is described 
in the Type RM529 Instruction Manual.) 

Change in blanking level due to the pres- 
ence of color l ~ u r s t  is well under 1'. N o  
:iherrations to tlie color burst a r e  caused by 
tlie clamping circuit. 
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T h i s  article tlcscri1)c.c oscilloscope cr'i / /crct~tial a1up1iiicr.s ill t~r111.s  o j  
tlzcir app l i ca f io l~  t o  i i lcaszwcr~rc~lfs Clzaracfcri.stics s ~ t c h  as  c o t ~ ~ m o ) ~ - l l ~ o d e  
re jcc t io j~  ratio, vol taye  rallyc, a ~ l t l  / r c q z t c ~ l c j  rallyc arc rl-plaiilcd, a ~ l d  
typical figlircs arc  giucrl I H  add i t io t~ ,  tllc t-i/'cct o i  pro2)c.s alzd f i l ters a s  
s~lcll a s  the ii i lportal~cc of source i m p c d a ~ ~ c r  arc tliscussctl ar~tr' poi~ltctl  u p  
as  factors that call a f f ec t  uwasurcnlcllt  capability 

The word "tlif ferential" in the ampli- 
fier m m e  can  be misleading. T o  some it 
suggests :I relationship to differenti;ll c;d- 
culus ~vliile others think of a differentint- 
ing network. I t  is neither of these, but 
simply a dif ~ C T C F I C C  :t~mplif ier. By defini- 
tion: An oscilloscope differenti:il amplifier 
is :t device that  amplifies and displays the 
volt:tge tliiierence th:tt exists at r i80.y  

Figure 1 .  a ,  Input signals of different amplitude (same phase) applied to a differential amplifier. 
b, The resultant ouput signal. 

instant between signals applied to its t\vo 
inputs. 

\\'it11 this definition a s  a tleparture point, 
one c:ui get some itlea of the oscilloscope 
displ;ty tliat will result fro111 :i variety of a b 

input sign:tls. F o r  example, t ~ v o  pulses 
that dif fer  in  1)otIi ;~mpli t i~t le  and coinci- 
dence that a r e  applied to a tliiierential 
amplifier xvill cause the oscilloscope tlis- . . 
pl;~!. to I,e :I coml,les \v:\veiorm tlint re],- Figure 2. a,  Two signals of equal amplitude but of different phase (approx. 35') applied to a 
resellts inst; ,ntaneous tlif,-el.ence lie. differential amplifier. b, The resultant signal seen on the crt. 

l\veen the t\vo pulses. On the other Iin~td, 
tivo signals that  a re  itlcnticcrl in every re- 
spect ~v i l l  cause no output on tile C R T  
screen (limit:~tions to this stxtement \vill 
be tlescrihed under C ~ I J I J I I ~ F I - : ~ . ~ ~ ~ ' ~  Xricr-  
tion). 

Several extrnples of input waveiorms :ts 
:~pplietl to a differential :tmplifier and the 
resultant output \vaveforms are sho\vn in 
Figures I ,  2 and 3. 

Figure 3 .  a, Two square waves of different amplitude and coincidental applied lo a differential 
amplifier. b,  the difference waveform seen on the crt. 



Cor11111ow.1Iode Rejection 

T h e  clef inition o i  tlie term differential 
amplif ier  implies a rejection of equal :urn- 
plitude, coiiicident signals. This  implica- 
t ion  is correct. Ho\vever, tlie degree of 
reject ion del~entls primarily on tlie sym- 
m e t r y  of the ampliiier inputs. Unfortu-  
natel>., the design :ind construction of two 
exnctly s~.mrnetrical inputs to a differential 
; m p l i i i e r  c;~iiiiot he accomplished in prac- 
tice. Small difierences in resistor antl 
c:xpncitor values result in deviations from 
the  tlieoreticnl input attenu:ttion ratio. In 
addit ion,  the capacitance of active elements 
rnw not reniain tlie same for  each input 
:md this can cause a difference voltage, 
especi:illy at  the higher frequencies. Tlle 
net  result of these variations in component 
va lues  is :1n un11al:mce that causes a diJ- 
fcrctzce signal, even though tlie amplifier 
is driven by identical input signals. The  
amount  of difieretice sign:il that one can 
expec t  from a particular :unplifier is docu- 
mented \vitli :L mntliematicnl relationship 
tha t  is called the common-mode rejectio~i 
ra t io  ( C M R R )  . This ratio and associ:~retl 
t e r m s  :ire defined :is io l lo~vs :  

Coi~rir~ot~-:lIode: I ieiers  to s igials  that 
:ire identical \sit11 respect to both am- 
plitude m t l  time. Also used to identify 
t h e  respective parts of two signals 
tha t  :Ire identic:d \\it11 respect to :1m- 
plitude :mtl time. 

Coii~iirotz-.lIode Rejection : The ability 
of :I tliiierential amplifier to reject 
common-mode signals. 

Coiiriiion-.lIodr Rejection Rtrtio (C41- 
R R )  : T l ~ e  ratio I)et\veen tile nmpli- 
tutle of tlie conimon-mode input sig- 
nal  to the difference input signal 
\vhicli \vould produce the same deflec- 
tion on the C R T  screen. 

.'\'0T13 : Since tlie differential ampli- 
f i e r  in this discussion (antl throughout 
this  nrticle) is part o i  an oscilloscope, 
t h e  output signal used to calculate tlie 
C M R R  is measured in the usual w:~y 
f r o m  tlie C R T  screen and volts-per- 
division slvitch setting. 

Thus ,  a differential amplifier tint 111-0- 
cluces :L .005-volt output \vhen driven 11). 
5.0 volts of common-mode signal has :1 

C M R R  of .i/.005 or  1000:l .  

Me:tsure~nents made with ;t differential 
:umplifier should contain an allo\vance for  
tlie output voltage that is due to common- 
mode signal. For  example, if an amplifier 
u i t h  a C M R R  of 1000:l is used to meas- 
ure  the tlifference het\veen t\vo similar 
five-volt sign:&, the output seen on the os- 
cilloscope screen is the result of t\vo volt- 
;lges : ( 1  ) tlie t1ct11(r/ tlif ference 1)etween 
the input signals, antl ( 2 )  tlie dif ference 
voltage that results from tlie common-mode 
signal. Because of tliis combination, the 

FREOUENCY 

Figure 4. The common-mode rejection rat io related to frequency, voltage level, a n d  input coupling 
of a typical differential amplifier. 

1 
COMMON-MODE REJECTION 

0.1 MV/CM to 10 M V / C M ~  

Referred to Input Connectors Referred to Input of Properly 
Adjusted 1'6023 Probes 

DC-Coupled AC-Coupled Input DC-Coupled AC-Coupled Input 
Input With Low-Z Source Input With L o w 2  Source 

DC to 100 kHz 50,000:l 
500 kI-Iz 1,000:l 1,000:l 

DC to 10 IHz 50,OOO:l 
15 Hz 500:l 
60 I-lz 2,000:l 

100 I-iz 10,000:1 
1 to 10 kIHz 1,000:1 1,OOO:l 

100 k1-Iz 50,OOO:l 500: 1 500:l 

20 MV/CM to 10 V / C M ~  

i ~ o r  ground-referenced sine-wave common-mode signals. 
3With 10 volts peak-to-peak or  less  in common mode at input connectors. 

With common-mode amplitude at input connectors of 100 volts peak-to-peak or  less  from 
20mv/cm to O.lv/cm, and with 600 volts peak-to-peak o r  less  from 0.2v/cm to 10v/cm. 

These common-mode signals will not overdrive the amplifier: 
0.1 mv/cm to 10mv/cm, 120v from gnd (40x1 pk-to-pk ac) 
20 mv/cm to 0.1 v/cm, 1200 v from gnd (400 v pk-to-pk ac) 
0.2v/cm to 10v/cm, i6OOv from gnd (1200v pk-to-pk ac) 

Figure 5 .  Chart for the Tektronix Type 3 A 3  Differential -Ampli f ier  Unit  that  outlines the porometers 
under which certain common-mode rejection ratios can b e  achieved. 

actual difference voltage cannot he r.rclctly 
measured. Therefore, the voltage meas- 
ured on the C R T  screen should include :i 

tolerance that is equal to tlie computed, 
o r  measured, output voltage due to tlie 
common-mode signal. 

I n  the ;hove example, the C M R I i  o i  
1000 :1 means tliat tlie common-mode por- 
tion of the iive-volt signals will cause 
:in output o i  5.0 volt/1000 or  ,005 volt. If 

C R T  screen, it should be noted a s  ,015 
* .00; volt. 

:1111plitndr, Freqwncy mrl  I w p ~ ~ t  Collplittg 

T o  tliis point, no mention has been niade 
of comtnon-mode rejection in terms of am- 
plitude, frequency, o r  type of input 
coupling. The  importance of these factors 
is graphically i1lustr:~tcd in Figures 1 and 
5, From these figures one can formulate 

a voltage of ,  say ,015 was measured on tlie some general rules a s  to expected changes 



in co~nmon-mode rejection \vlien ;lmplitucle. 
frequency o r  input coupling a re  clinnged. 

ential-Amplifier Unit, can 11e adjusted i o r  
CSIRR's o i  50,000 at  certain frequencies. 

1. Tlie specif ietl commou-mode rejec- 
tion beconies Io~k'rr :\s the coni~iioti- 
mode s i g ~ i a l  amplitude is increusrcl. 

2. ' h e  speciiied commo~i-mode rejec- 
lion becotlies lor~lrr ;is tlie input attell- 
uators (xvitliin the amplifier) a re  
s\vitcliecl into tlie amplifier input 
circuit. 

3. The specified common-mode rejec- 
tion becomes Io.z('P~ :is the ire(jue~ic!. 
of tlie conimon-mode signal in- 
creases. (Exception : \\it11 AC-cou- 
pled input  tlie C M R R  can become 
Iiiglier :IS frequency is increased 
within t l ~ e  1 I I z  to 1001-Iz r;uige). 

1. Generally, tlie xltlition o i  conipo- 
nents such as prol~es, attenuators, 
or even extra cable to tlie :unpli- 
iier inputs  will lower the trppclrcnf 
common-mode rejection. (Note : the 
actual C M R R  o i  tlie instrument 
cannot b e  changed by :~dded external 
components. ) 

\\liere precise clu:intltat~ve t1;ita 15 need- 
ed, one should measure the C h l R R  of the 
instrument a t  tlie specific f recluetic) or 
repet~tion r a t e  and ampl~tude of t l ~ e  s ~ g -  
nals I~e ing  used and use tliis measured 
CMRR a s  a tolerance f ~ g u r e  In difference 
measurements. 

In tlie t e x t  to iollow, the term mnximuni 
roii~iirowii~ode ivlplit voltt~ge means the Inax- 
imum voltage tliat \\.ill not overdrive tlie 
ampliiier. T h i s  sliould not be confused with 
the i n a x i i i l ~ ~ n ~  non-destr~~cfive input volftrge 
which is related to the l~realcdown limits 
of the amplif ier  components. 

Figure 4 shows that the C M R R  tle- 
creases a s  t h e  input voltage increases. I i  
tlie voltage applied to the input is raised 
beyond tlie masimuni common-mode input 
voltage specified for  the aniplifier, at some 
point tlie input  circuit will be overtlrive~i 
xnd tlie common-mode rejection ratio lw 
comes meaningless. Once this occurs, iu r -  
tlier increase of the co~nmoii-mode volt;~ge 
\\.ill cause a disproportionate incre;ise in 
tlie amplitude of tlie C R T  display. 

Tliis d i s c ~ ~ s s i o n  o i  input voltage :ilso 
:ipplies to pulses and square-\v;ives ns \vcll 
:LS sine-waves. But because these wave- 
forms contain components of 111:iny i re -  
quencies, it i s  diificult to predict tlie sliape 
of tlie resultant \vaveiorni tliat :I differ-  
ential amplif ier  may display. 

Attenuator probes extend tlie usable volt- 
age range o f  a differential amplifier 11: 
reducing the input signals to a level that i~ 
below tlie wln~i i i l~~i i r  c o i i ~ i ~ ~ o i ~ - i i ~ o d e  iflpl(t 
voltage. In doing tliis, however, the probes 

Figure 6. Simplified input circuit ond tab le  thot 
shows the change in CMRR (apporent )  due  to 
X I 0  probes thot a re  within 1 ,  2 ,  a n d  3 %  of 
their attenuation value. 

may cause :I reduction in the trpptrrcwf 
C M R R  due to component v;iluc tliiicrenccs 
\vitliin the prolm. For  eximple, Figure 6 
i1lustr:ites the change in C M R R  (:ipp:irent) 
due to 1 1 0  prol~es that a re  within 1, 2, 
: u d  3% of their attenuation value. Rear 
in mind that tlic reduction in ;ipp;~rent 
C M l i R  can also be c:iuscd by different 
v:ilucs of the input resistor. .Also, probes 
with cables of different length m:ly intro- 
duce enough signal delay I~etween them to 
came :L tlifference voltage at  the inputs. 
.A good I-ule, especially \\.it11 prol~es, is to 
t ry to mike  conditions :it hot11 inputs identi- 
c;11. 

A typical test was rut1 on four Tektronis  
Type 6006 probes to illustrate \vIl:it might 
he expected in practice. T h e  differcntinl 
:cmplifier was a Tektronix Type 3A3 D u a -  
Trace Differential .Amplif ier in a Telc- 
t ronis  Type .561A Oscilloscope and the 
source voltage \vas from a Tekt ronis  Type 
190B Sine-\\:aye Generator set : ~ t  1 kHz.  

C M R R  

Probes 1 and 2 5 6 : l  

Probes 1 and 3 4 0 : l  

Probes 2 and 3 6 8 : l  

Probes 4 and 1 8 : l  

Probes 4 and 2 7 : l  

Probes 4 and 3 8 : 1  

Tliis test pointed out t\vo additional fen- 
tures o i  probe use:  (1)  by reversing tlie 
probe connections to the :niiplifier inputs 
the C X R R  \vas clia~iged. F o r  inst:uice, 
\vIicn pro lm 1 :uid 2 Lverc reversed, the 
CMIIII  c1i:lnged from 56 :1, :is slio~vn above, 
to 46 : l  ; :ind (2)  tlie test slio\ved probe 
nuiiil)er 4 to he deiective, a s  indicated 11y 
tile lo\v C4IIiR ( 8 : l ) .  

Tn nie;lsuremeuts \vliere :lttenuator probes 
niust I)e used I~ccausc o i  voltage levels, and 
at  the same time a high (above 1000: l )  
C M R R  must also be achieved, tlie Tck- 
tronix Type P6023 Probe is suggested. 
Tliis is :I S 1 0  low c;cpacitance probe \vitll 
v:iri;il)le attenu:itor ratio that is adjustal)le 
over a *2.5% range. A s  pointed out 
earlier in Figure 5 ,  11iese prol~es, \\hen 
used xvith a Tektronix Type 3A3 Dif fe r -  

Some differenti;il :uiipliiiers use filters, 
hut tliis technique is not considered to be 
common-mode rejection since difference 
signals :\I-e :ilso rejected by filters. I n  ef-  
iect, the filters set tlie band\vitlth of the 
;~mplif ier  and reject signals tliat a re  above 
or  belo\v tlie iilter pass1):uitl. F o r  example, 
a 60 IHz sine-wave motlulated 11y liigli-fre- 
quency noise can I)e "c1e;uietl up" consider- 
:i111y 11y using :i filter \vl~ose p;issl~antl 
centel-s on 60 IHz. Conversely, to e1imin;ite 
line-irecluency liuni, ;i filter tliat restricts 
the hum irequency sliould be used. 

Sever;il tlifferenti:il :unpliiiers, such :is 
the Tektronis  Type 2X61 Lo~v-Level D i i -  
iercnti;il .Aniplifier n ~ x l  Tektronis  Type 
1X7 High-Giiu Diiierentinl Amplifier, 
have ;i series of internal filtel-s tliat a re  
:djustetl 11y frequency-resl)o~~se controls on 
the instrument front p;inel. These cotitrols 
;illow the amplifier p;isslxind to be centered 
on the frequency o i  the desired signal. 
One note of caution-too severe restric- 
tion o i  the passband mny cause distortion 
of non-sinusoidal signals. 

Tlie common-mode rejection ratio speci- 
iietl for  a differential amplifier is ob- 
tained by applying tlie same signal to both 
itiputs. Since tlie signals a r e  i rom the 
same generator, tlic source itnpedance of 
the signals is the same. (I11 tlie discus- 
sion tlmt follows, tlie signals :ire 100 H z  
sine waves.) 

Figure 7. Schematic that shows the relationship 
of test-point source impedance to the ampli f ier-  
input impedance, and  also shows the apparent  
CMRR caused by large volue difference between 
test-point impedances. 



I f  the two inputs to a differential ;mpli- 
i i e r  a re  connected to circuits that do not 
h a v e  the same source impedances, the up- 
p a r ~ n t  C M R R  ivill be lower than expected, 
even  tliougli the voltages from both sources 
a r e  the same. ( N o t e :  This  x s u m e s  ;I 

f in i te  resist:wce such ;IS 1 megolim iron1 
g1-id to grountl ~t each input o i  tlie di ifer-  
ential  amplifier). T h e  reason for  this 
l o w e r  C M R R  is:  the source impetlance o i  
t h e  circuit under test :mtl t l ~ e  ampliiier 
input  impet1;uice iorm :I divider (hot11 li 
m d  C) and tlie ratio bet~veen these t\vo 
impetiances determines the amount o i  sig- 
na l  presented to tlie grids. 

F o r  esample, in Figure 7, the sollrcc 
irnped;mce of generator .L\ is 10 I;iloli~iis 
;md tlie input inipedance of input A is 
1 megolim. T h e  actual voltage present 
;kt t h e  input .-I is 99.0% of tlie source or  
9.90 volts. 

Generator 13 has ;I source impedatice o i  
.5 I~iloliliis whicli is in series with the 1 
megohrn input impedance of input E. Tliis 
results  in 99.5% or 9.95 volts applied to 
input  R.  

\irith 9.90 volts applied to input A and 
9.95 volts applied to input B, tlie net dif- 
ference bet~veen tlie two inputs is 0.05 volt. 
Tli is  difference voltage of 0.05 volt ~voulti 
be  niiiplified and appear on tlie C R T  screen. 
I f  one considered tliis voltage as tlie re- 
sul t  of ;r cotiimon-mode 10.0-volt signal 
t h e  ratio would be 200:l .  However, as  the 
illustration shows, the difference voltage 
of  0.05 volt \vas present at the input to 
t h e  amplifier and because of tliis, cannot 
b e  consitleretl as  a common-mode voltage. 
I n  addition, tlie illustration shows that tlic 
difference vo1t:tge present at  tlie anipliiier 
input  was :t direct result of the difference 
in  source impedance of the t\vo sign:~l 
sources. 

O n e  way to reduce i~iaccuracy due to 

equal lo-volt 
genera tors 

Figure 8.  Schemotic that shows the small offect 
o n  CMMR caused by low-impedance test points 
compared to tho! of Figure 7. 

diiierent source impetlaiice is to select test 
points \vitli low source impedance. Figure 
8 sIio\vs :I difference voltage o i  ,0005 volt 
;~pplietl to ;I tlifierentinl amplifier \\.hen the 
source voltage is 10.0 volts and the source 
imped:rnces a re  50 ;md 100 i1 respectively. 
I n  this case, the apparent C M R R  is 20,- 
000:l (assumes infinite C M R R  o i  tlie am- 
plifier). 

If :L measurement must he mxle  from 
two differe~lt  liigli irnped;tnce points the 
source iniped;mces can be calculatetl :tnd 
a1low;uice 11i:tde for  the dilference voltage 
;~ltliougli tliis calc~ilation can he quite dif- 
ficult. .-I second way to liandle tliis meas- 
~trement is to use a differential amplifier 
\\-it11 ;in iniinite input resist:mce. Tlic Telc- 
tronix T p e  \\i Plug-In Unit can I)e set 
11y a front panel control to 11;1ve 10,000 
megohms input resistance. Tlie remaining 
input capacitance of 2 0 p i  will present 
approsi~nately SO tiiegoiims to ilie 100 Hz 
sign:il. \\'lien two dividers a re  calculated 
I~etween 80 megohtns and the 5-1; and 10-1; 
source impedances, the difference voltage 
from :I 10-v signal is ,0006 v. 

.As the frequency of signals increases, 
tlie error  due to dif ierent  source inipetl- 
antes nlso iiicre:~ses. There is really no 
solution to tliis pro1)lem other tllrtn to avoid 
the conditions tliat produce it. Thus,  one 
sliould : (1 ) select low source inipetlnnce 
test points wlwnever possible, anti (2) 
\vliere high imped:mce test points must he 
used, t ry to use points of equal source 
impedance. 

Because diiierential amplifiers a re  capa- 
ble of me:lsuring tliiierence sigmls at 
~ i~ ic rovol t  levels they a r e  also sensitive 
to unwanted signals tliat may be present 
in the instrument environment. Proper 
grounding can often reduce these unwanted 
signals to a point where they do not in- 
terfere with a measurement. Figures 921, 
11, and c illustrate tlie right antl wrong \vay 
to connect :I differential amplifier into 
a circuit. 

Figure 91 is wrong because each prolw 
sllield x t s  niucli lilie an :mtenna in picli- 
ing up stray signals i rom the environment. 
These signals will differ  in both p1i;tse 
and ;tmplitude betxveen tlie two probe sliields 
and will induce currents in the center con- 
d ~ ~ c t o r s  wl~icli result in small signal dif- 
ferences a t  tlie input to the aiiiplifier. 
Figure 9b is lvrong since :I ground con- 
nection between tile junction of tlie prol)c 
shields antl tlie instrunlent under test would 
allo\v grountl currents to flow through tlie 
sllields. Tlie presence of these grountl cur- 
rents increases tlie possibility of erroneous 
me:tsurement clue to resultant voltage d i i -  
ferences applied to  the inputs of the am- 
plifier, 

- - - - -J  

\ c i rcu i t  
under t e s t  

\)robe shields 
floating 

Fig. 9a. Wrong 

probe shields 
-----, t ied together 

_ - _ - - J  \ 
do not ground t o  

c i r cu i t  instrument under t e s t  
under t e s t  

Fig. 9b. Wrong 

probe shields 
t ied together 

/ 

- - - - - A  T - 

\ c i r cu i t  under t e s t  

Fig. 9c. Right 

Figure 9. The right and wrong w a y  to connect 
a differential amplifier into a circuit. The ground 
shown in c is for safety purposes and not es- 
sential to the measurement. 

Figure 9c s h o u s  that the correct way to 
connect tlie probes is to couple the shields 
together at  the prolx I,ody (but not to 
instrument ground).  Tliis reduces inter- 
ference hy (1)  reducing the  impedance of 
the loop formed hy tlie shield, ;uid (-7) 
eqnalizing the currents through tlie loop 
to allo\v tlie C M R  of the amplifier to re- 
ject them. T h e  chassis ground shown in 
Figure 9c is provided for safety between 
instruments; it is not essential to  the meas- 

(Pnrf I?, irlllicll concl~ccies this orfirle, will 
ilppeclr in flle for t l~roming  Ocfober, 1965 
issue of S E R V I C L  SCOPE.) 



T1'PE 5 1 3 E  A N D  T Y P E  515B O S C I L L O S C O P E S  - I M l ' R O \ ~ E b I E S T  O F  
- \ l ' T O h I A T I C  I K T E R K A L  A S D  E S T E R S . 4 L  T R I G G E R  

TRIGGER 

Chart 1 .  M a n u a l  specifications of trigger requirements for Type 5438 a n d  Type 5458 (Time Base 
A only)  Oscilloscopes. 

Some 'ype 513B ant1 Type 515I? 0 s -  iiletry o i  tlie signal ant1 :\llow stable trig- 
cilloscopes, both convention:il ;uxl I ih l  gering 011 the latest Manual specifications. 
models, o i i e r  a difficulty in mecting tllc See C1i;irt 1. 
.5'1ii11i and O.5v M:~nu:\l specifications, re- .-liter m;dcing the c h n g e ,  he sure to 
spectively o n  automatic internal and ex- note tlie new v;due iol- R38 in [lie parts 
ternal t r igger.  ( I n  the Type .515B 0 s -  list :mtl on the schematic in tlie Instruc- 
cilloscope t h e  difficulty is confiited to the 

tion Manu:~l for  the instrument. 
Time Rase  "A" triecrer circuit). A noii- - ., 
symiietrical trigger-output signal wlien the This improvement is applicable to Type 
T R I G G E R  M O D E  control is in the A I T O  515B Oscilloscopes, s/n 101 to 1235 ; Type . . 
position, will cause erratic auto t r ~ g g e r ~ n g .  IIM545B Oscilloscopes, s/n 101 to 217; 
Clmnging t h e  resistor R38 from :I value o f  Type 543B Oscilloscopes, s/n 101 to 267; 
321< to 1 8 1 ~  ( I  w, -5%-Tektronis part ;inti Type  IiM543R Oscilloscopes, s/n 101 
numher 303-0183-00) will improve tlie sym- to 120. 

T Y P E  G PLIJG-IK U S I T  - I N T E R M I T T E N T  OSCILL.ATIONS I K  \'TYPE 
.5H, T Y P E  546, A K D  T Y P E  547 O S C I L L O S C O P E S  

Some T y p e  G Plug-In Units  will, on 
occ:\sion, exhibit intermittent oscillation 
\r.hcn used in some Type 544, -5'46, atid 
547 Oscilloscopcs. 

A cure l o r  this prol)lein is tiie n d d -  
tioii of t\\-o 0.01 ph ferrite corcs (Teli- 
tronis p:irt n u ~ i i l ~ e r  276-0528-00) ; one to 
tiie lend of 1-3977 (an 0.18ph inductor) 
located l~e tn-een  pin 1 of tlie Type  G Unit's 
:implicnol connector and cer:iniic strip #2, 
:uid the o ther  to the leatl of 1.4977 (:in 

0.18 pli iiidi~ctor) located lxt\vcen pin 1 
of t l ~ e  :unplienol connector :cntl ccrmiic 
strip # l .  11ist;~ll the ferrite cores on tile 
1e:ids t1i:it run bet~veeii the cer:unic strip 
and the intluctors. Give the t1esign:ition 
1-3978 to tlic ferrite core added to the 
1e:~d of 1 3 7 7 .  Give tlie c1esig1i:itioii 1.1978 
to the ierrite core nddetl to the leatl of 
L1977. P,e sure to makc tlie nccess:ir:. cor- 
rections to tlic schem:\tic :ind p:u-ts list 
in your Type G Unit's Instruction h~I:uiu:il. 

Type 3.41 Plug-In Units (s/n below 
7930 only) \\.ill, under certain conditions 
shunt a little more current :\round the 
-100 v po~vel--supply series regulator than 
the plug-in can actually use. 

\\'it11 two 3.41's i~istalletl, the -100 v 
in the Type 561, Type 561A or  Type 564 
Oscilloscopes (either conventional o r  rack 
mount versions) tilay fail to regulate wlien 
the poxver source (line ~ o l t a g e )  exceeds 
115 v. T h e  Type 3.41/Type 3.41 is the 
only plug-in combin:ition xvliere the under- 
load is significant. 

Replacing the wire strap between pin 
22 of tlie Type 3.ql's amphenol connector 
:und ground \\.it11 a li;, 2 \ v ,  10% resistor 
(Tektronix part numl~er 306-010-3-00) will 
retluce tlie power suppll~ sliu~iting to :i level 
\vhicli \vill allow the use of T w o  T y l ~ e  
3.41's X-Y. Designate tlie new resistor 
Ii393 and ~ilalie tlie necessary addition 
to tlie p:~rts list :ctitl correct the schematic 
in your Type 3.41 Instructioti iLIa~iu;\l. 

Generally speaking, t ~ v o  3Xl 's  is a rather 
unusu:il coml~ination for  dual-trace S - Y  
present:\tions, Type 3Al ' s  I i : i \ ~  no iacil- 
ity for  c1i:~nnel pairing," phase cl~arncter-  
istics (lo 11ot matcli fo r  tlie entire hand- 
pass :unO the X-axis  unit is limited to 
8 em scan ( 6  cm in units with serial n u n -  
her belo\v 7930). However, in S-Jr :ip 
p1ic:itions \vliere these limitations :ire not 
serious, Type 3Al ' s  I)elow seri:il t iumlm 
7930 \vill opemte s~tisfactori ly i i  m o d -  
iied :IS noted ahove. Type 3.41 Units with 
serial numbers 7930 and higher incorporate 
the tnodification. 

"For single-trace S - Y  presentations or for  
dual-trace X - Y  presentations using a corn- 
limn sign:%] applied to only one cliannel 
of one of the axis  units, the lack of clian- 
nel pairing does not present a probleln 

I S P 1 7 T  T I M E - C O N S T A S T  S T A N D -  
i R D I Z E R  - U S E  O F  U H F - T O - B N C  
+ID 4I 'TERS K O T  RECOM?\IENT)ED 

Tektronix input Time-Constant Strind- 
:irtlizers a re  availnble for  st;indartlizing the 
input time constant o i  plug-in having n 
nominal capacitance of 12 p i ,  1.5 pf, 20 pf, 
2 4 p f ,  and 47pf .  T h e  individual standard- 
izers for  each time constant (except 15 pf 
S 1 meg) c:ul be obtained with either 



VI-IF or  R N C  connectors; the st:uitl:irtlizer 
i o r  1 5  pf S 1 meg time constant is ;iv;iil- 
:il)le with B Y C  connectors only. 

T h e  use of a U H F - t o - B S C  trdtrptel- \ritli 
:I T e k t r o n i s  Time-Const:uit St:intlnrtlizer 
equipped wit11 U H F  connectors ~vil l  add 
one o r  two picofarads of capacit;ince to 
the plug-in input. This  additional capnci- 
tance will lxive an effect on the accuracy 
of h igh  freciuency measurements. Tlie higli- 
e r  t h e  frequency of the ;tpplied signal 
tlie greater tlie effect of tlie additional 
capacitance. 

U s e  a st:uitlardizer of tlie correct time 
constant  equipped wit11 connectors that 
match  those of the plug-in \rliose input 
t ime constant you wish to standardize. 

Listed below are  the available Tektronix 
Time-Constant Standardizers : 

Tektronix Port # 
Input Cap. UHF BNC 

1 2  pf X 1 meg 01  1 -0051 -00  01  1 -0065 -00  

15 pf X 1 meg 01  1 -0073 -00  

2 0  pf X 1 meg 01  1 -0022 -00  01  1 -0066 -00  

2 4  pf X 1 meg 01  1 -0029 -00  01  1 -0067 -00  

4 7  pf X 1 meg 01  1 -0030 -00  0 1  1 -0068 -00  

TYI'E 544, TYI'E 546, T Y P E  547 O S -  
C I L L O S C O P E S  - NODIFIC.4TIOh '  
F O R  B E T T E R  C O M P A T I B I L I T Y  
\ V I T H  T Y P E  W H I G H - G A I N  D I F -  
F E R E N T I A L  - C O M P A R A T O R *  A N D  
T Y P E  Z D I F F E R E N T I A L  COMP.4R.4- 
T O R  P L U G - I N  U N I T S  

Tlie Type \\' and Type Z Units :ire 
capable of Inore signal-output swing than 
other  plug-in units used with these oscil- 
loscopes. 

O f f  screen signals saturate one or  more 
of the  t\ro delay-line-driver transistors 
(Q1014 or  Q1024). This  raises the emitter 
voltage to an excessive level. \\.hen the 

T Y P E  310 O S C I L L O S C O P E S  - S I L I -  
C O N  R E C T I F I E R S  

T h i s  ~nodification replaces tlie seleniuni 
rectifiers SR6Ol or  SR660 and SR630 witli 
silicon rectifiers, offering more re1i:ibility 
:ind longer life 

T h e  modification involves the removal 
of tlie old sele~iiu~ii rectifiers and the in- 
s tdlat ion of a new silicon rectifier ;is- 
wn11ly The new asseml~ly includes three 
resistors (R601, R630, ;ind R66O), nliicli 
compensates for  n l o ~ r e r  vo1t:ige drop 
: ~ r o s s  tlie twelve silicon tliotles in the new 
:issembly. 

Tliis modification is :ipplicable to Type 
310 Oscilloscopes, serial numbers 101-10000. 
O r d e r  tlirougli your local Tektronis  Field 
Off ice ,  Field Engineer, Field Representa- 

signal \v;i\~eiorm con~es  Inck on screen, 
a transient oscillation occurs in tlie lumped 
LC  fornietl 11y L1018, C1035 and Cll53.  
Tlie oscillation-energy excursion diverts 
emitter current from tlie delay-line drivers 
:ind causes ;implifier distortion 21s sllown 
in Figure 1. T h e  size of tlie alxrration 
depends on tlie vertical position of the 
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Figure 1. A-Waveform aberration before od- 
dition of R1020. 6-After oddition. Signal 
Source: 1 Volt Cal, Sweep Rate 1 ps/cm. Type 
W Unit Control Settings: Vc + 11, INPUT ATTEN 
1, DISPLAY A-V,, MILLIVOLTSICM 5. (Triple 
exposure photos.) 
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Figure 2. "Before" ond "After" sketches show- 
ing how to install the 3 3 0  S2 resistor R1020. 

NEW FIELD MODIFICATION KITS 

live o r  Distributor. Specify Telitronix 
p:irt numl~er 010-0195-00. 

T Y P E  551 OSCIL120SCOPE-SILICCIK 
R E C T I F I E R S  

This modification replaces the selenium 
rectifiers witli silicon diotles which of fe r  
more reliability and longer life. 

Tlie modification involves the removal 
o f  selenium staclis SR690, S11660, SR610, 
SR700 : i d  SR730 and the installation of 
a new silicon rectifier assenibly. T h e  new 
:issembly includes resistors wliicli compen- 
sate for :i lower voltage drop across tlie 20 
silicon tliotles in  he ne\v assein1)ly. 

Tliis modiiic;ition is app1ic;ible to Type 
551 Oscilloscopes, serial 1iuml)ers 101-2357. 

Order tlirougli your locnl Tekt ronis  
Field Office, Field Engineer, Field Repre- 

A 330 $2,  % ~ v ,  10% resistor (Telitronix 
part number 316-0331-00) connected e i -  
iectively bet\reen the junction of tlie in- 
ductor, 1,1018, and tlie two c:~pacitors, 
C1035 and Cl l53 ,  will act a s  an oscillation 
tlmiper and overcome this problem. The  
"Before" : i d  "After" sl<etclies in Figure 
7 sIio\r 1 1 0 ~  to inst:~ll the 330D resistor. 

Designate this new resistor R1020 and 
make the necessary corrections to tlie parts 
list and on the schematic of your instru- 
ment's Instruction Manual. 

This  modification is applicable to tlie 
folloxing instruments : 

TYPE 

5 4 4  

RM544 

5 4 6  

RM546 

5 4 7  

SERIAL 
NUMBER 

101 -210  

101 -210  

101 -449  

101 -150  

101 -940  

*In conjunction with this modification, 
Type \\' Ijnits witli serial numbers 101 
through 169 \rill require the addition of 
an 0.1 p i  discap (Telitronix part n u m l m  
283-0057-00). Type  I\' Units with serial 
numlms 170 and up Iiave tlie at1dition:il 
capacitor installed at  tlie factory. 

, . Ilie new capacitor is installed in par- 
allel with R283, a 2-k, 5-w, wire-wou~itl 
resistor. 

T o  install the new capacitor, turn the 
T l p e  \\' Unit upside down on tlie bench 
nitli tlie front  panel facing you. I1283 
is located on tlie rear of the chassis to  the 
left and just under the .41ilplienol connector. 
Solder one lead of tlie new 0.1 pf capaci- 
tor to tlie top lug of R283. Solder the 
other lead to tlie bottom lug of R283. 

Designate tlie new capacitor C283 and 
:idd it to the parts list and schematic of 
the Type \\' Unit's Instruction Manual. 

s c n t a t i ~ e  or  Distril~utor. Specify Tektronix 
part number 040-0206-00. 

TYI 'E  551 OSCII-LOSCOPES-b1ULTI- 
T R A C E  C O M P A T I B I L I T Y  

Tliis modiiication assures comp:~til~ility 
bet\vecn the Type 551 Oscilloscopes ant1 
Multi-Trace plug-ins (i.e., 53C, 53/54C, 
C,  C.4, M, 1.41, 1 ~ 1 2 ,  etc) .  

Tlie "Multi-Trace <'nits Sync Anipliiier" 
I 7 l 5 4  ( a  6AU6 tulle) is replaced witli a 
6D]8 duo-triode \vliich supplies .ilternate 
T r x e  sync pulses to each plug-in. 
, . I l ie  isolation of the two sync pulses 

prevents the differences in the plug-in 
Alternate-Trace switcl~ing circuitry and in- 
put impedances i r o m  locking up tlie switch- 
ing circuitry in one or  both of the plug-ins 
when they a re  in the Alternate Mode. 



, . 
lliis rnodific;ttion is ;ipplic;ible to  Type 

551 Oscilloscopes, serial numbers 101-5953. 
.A iew instruments in the seri:tl tiurnlies 
range 5575-5950 \\.ere factory modiiictl. 
Instruments within this range sl~oultl be 
clicckcd before  the modification is ortleretl. 
li' Vl51  is :i 6UJ8, the instru~nent  11:ts I)een 
inodiiieti. 

Order througli your local Telctronis 
Field Off  ice, Field Engineer, Field R q -  
resentative o r  Ilistributor. Specify Telc- 
tronis pxr t  ~iunnber 040-0398-00. 

T Y P E  521D TEI.E\TISIO1\: OSCII.I.0- 
S C O P E S  - I - I IGI- I - \~OI~ 'T .~I (~ l~  I'O\\'l<i< 
SU1'PI.Y 
, . Illis modiiic:ttion includes a new I-ligll- 

\.oItage I'o\ver Supply \vhich has I)ee~i 
redesigned t~~eclianicnlly on a Inrger ch:ks- 
sis. 

\\'it11 t h e  new chassis, one can replace 
:I ckiective part rather than replace the 

T Y P E  540 .SI:'R113.S .4h'Ll TI'PI! 551 
OSCILI~OSCOPI:S  - V E R T I C A L  Anrr'- 
LIFTER BIAS 

This tnodification increases the bias 011 

the 6DK6 tubes in the distributed amplifiers. 
This imparts  :I gre:iter reliability to the 
tubes and a better stnbility to the \iertic:il 
-4mplif ier. 

I t  is applicable to the follo\ving instru- 
ments : 

Type Serial Numbers 
541 6475 - 7022 
543 101 - 181 
545 9292 - 11691 

RM41 101 - 142 
RM45 101 - 205 

551* 101 - 291 
" T h e  T y p e  551 instrument Inas two ideti- 

tical main amplifiers. Order t\vo tuotlifi- 
cation ki ts  for  this instrument. 

Order through your local Teli t ronis  Fieltl 
Office,  F ie ld  Engineer, Representative, o r  
Distributor. Specify Tekt ronis  Par t  S u m -  
ber 040-0191-00. 

entire suplily and the new layout provide.; 
jire:ctly improved ventil:ition. 
, . l h e  motliiic:~tion is :ipplicable to Type 

5241) instru~nents, seri:~l numl)crs 101-1120. 

Ostler t111-ougl~ y011r loc:~l Telctronis 
Fieltl Oifice,  Fieltl I<~iyiuecr, Field l i e ~ j -  
rcscnt:ttive or  l)istril~utor. Speciiy 'F~li-  
i ronis  1):il-t numljer 040-0058-00. 

, . 1 liis motliiic;ition supplies the instruc- 
tions :und compolients iol- c o ~ ~ v e r t i n g  t l ~ c  
1'roI)e i 'o~ver Supply in {lie Tylie 521.\1) 
i rom :iC to  I IC f ihment volt:ige. T l ~ e  1)C 
iil:trnciit \.olt:cge retluces hum to ; I  mini- 
muin \ V I I ~ I I  the instrument is used ~ . i t l ~  
:i I'jOOCF c:itl~otlc-follo\ver p~-o l~e .  

'The modiiication is :tpplic:rljle to Type 
521.Al) ins!runients, serinl nllml)ers 1843- 
6640. 

TI'PI? RM.567 O.CCILLO.SCOPI:'.C - 1!1'1- 
PI?OT-1.:13 I ~ R r l M 1  1'IATI:'S 

This niotlific;ction supplies improved 
fr:itne plates io r  the Type RM.567 Oscillo- 
scol)es. The  ne\\. leit-1i;uitl f r :me plate c o w  
tai~is  :i rernov:~ljle p;mel for  ease of access 
to the \Tcrtic:tl plug-in unil during calil~r:t- 
tion. The  new right-li:lntl frame plate pro- 
vitles better access to the 6R1.4 Digital 
Unit's plug-in cards ;und their Bentlis con- 
nectors. 

Please note that, in ortler to accommod:ite 
the ;thove improvenients, the chassis tracks 
:ire relocated on both frame plates. T h e  
r;icli-mounted portion of the tracks must be 
re1oc:tted in the r:ick in ortler to rnaint:iin 
the same position of the instrutnent in the 
~;tcli.  

This modification is applicable to Type 
RM567 instl-utncnts with s/n's 101-2029. 

Order through your local Tektronis  Fieltl 
Office, Field Engineer, Representative, o r  
distributor. Specify Tekt ronis  P a r t  Number 
040-0378-00. 

7 .  1 l ~ i s  motliiic;ttion provitles long-term re- 
1i:tl)iiity for li701, the 134- 1jel:iy liel:ty, 
11y in.;t;dling :I more cspen.;i\.e relay de- 
s i g ~ ~ e t l  :~roui~ t l  tigliter speciiic:itio~is. 

r .  l Ire ~nodiiic;ttion is :ipplic:ll)le to Type 
5.31 Oscilloscopes, seri:il n r ~ ~ n l ) e r s  101-1280 
:end Type 53.5 Oscilloscopes, seri:tl numbers 
101-1703. 

Order till-ougli !.our loc:~l Tektronir  
l:ieltl Oii ice,  Fieltl Engineer, Fieltl 1iel)- 
rescnt:itivc or  llistriljutor. Specify Tek- 
t1-onis p:trt numlxr 010-0085-00. 

T Y P l i  52-ln AN11 T Y P E  52.lAfl 0.SCIL- 
LOSCOI'B - I R I  R I i S P O N S L  h'l lT- 
Tf'ORK 

In  this modific;ttion :i new I R E  IIesponse 
Setworl i  installed in the oscilloscope 
cl~:u~ges the roll-off cl~;tractcristics to con- 
form witli the lievised Statidard '58 I R E  
23.1 as amended July 1, 1961. 

This modification Iiit is applicable to 
Type 524D Oscilloscopes, s/n's 1400 - 1842 
and Type 524A11 Oscilloscopes, s/nls 1843 - 
6835. I t  is also suitable for Type 524D's 
with s/nls helow 1400 that have the four- 
position V E R T I C A L  I I E S P O N S E  switch 
installed (Tekt ronis  Field Mod Kit 040- 
057). I t  is not  for  use with instruments 
which 11:tve Tektronis  Field Mod Kit  040- 
271 (Four  - Position Vertical Selector 
Swtcln) installed. 

Order through your local Tektronix Field 
Off  ice, Field Engineer, Representative, o r  
Distributor. Specify Tekt ronis  P a r t  Num- 
ber 010-0343-00. 
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Tlz is  i s  the  s c c o ~ d  a1ld coilcludir~g Izal/ of all articlc d r s c r i b i ~ g  oscillo- 
scope tl i f fcrctlt ial  arilp1ificr.s TIzc / i rs t  Izalf, z~llziclz appeared ill t he  A L L ~ ~ L S ~ ,  
1965 issue o / S E R V I C E  S C O P E ,  disczlsscd di /Jcrcnt ial  a i~ lp l i f i e r  clzarac- 
teristics sz~clz a s  cowzinon mode  reject ion ratio,  vol tage range,  /rcql~c1zcy 
rallgc, ctc T h e  c f f cc t  of pro lxs  a ~ i d  fi l ters ns  ~ L d l  a5 thr  ii11porta1lce o i  
source inzpeda~zce w a s  also discussed 

Par t  11 

Applications 

A differential input ~iieasu~-ement is one 
in which t h e  two inputs to a differentid 
alnplifier a r e  coii~icctcd to two points in n 
circuit under test and the :imylifier displays 
the difference voltage between the points. 
I n  tliis type of nxxsurcment enell input of 
the amplifier acts as  a reference i o r  the 
other and ground connectiolis 31-e only used 
for safety reasons. ( N o t e :  T1lc term "tlif- 
ferclitial input" is synonymous wit11 "[loat- 
ing i n p ~ t " . )  

One application in \vIiich tliifcrenti:tl ill- 
put n.as used to adv:uitagc conccl-net1 the 
po~ver source of :un electric rniii-0x1 engine. 
, . l h i s  \vas :I 3-11ll:~sc tr:insformcr system xvith 
a solid-state controller tlmt consistetl of 
strings o i  silicon-co~itrollctl I-eciiiiers. T h e  
tneasuranent prol)leln \vas to examine the 
ii~divitlu:il rectifier s\\.itcIiing ch;lrncteristics 

' ;ilitl note risctilne, I-inging, :ind point of 
occurrence. The  circuit (simplified) is 
sllmvn in Figure 10. 

T h e  voltage across t l ~ c  silicon controlled 
rectifiers I d o r e  switcl~ing \\as ; ~ p p ~ - o x i -  
mntely 250 volts; Ilo\vcver, the entii-e systcni 
was several IcV off g round Bcc:iusc of 

@ l o a d  

Differential  
h p l i f i e r  

Figure 10. A differential amplifier connected 
for o differential input measurement in the 
power system of an electric train. 

.SIidrl)(ri~' Tccluiiqzw 

.Clitlcboc~/~ c:un lx cleiincd ;is the technique 
o i  :11)pIyiilg n tic volt:lge to one input o i  :i 

tliffcrcnti:\l ;~nipliiier in order to c11:inge 
the vertic:~l position on the crt sci-cen of 
the sign;\l :\pplietl to the other input. For  
cx:umple, i i  :in oscilloscope diilereiitinl am- 
pliiici- is set foi- :\ \.el-tical sensitivity of 0.01 
17/clii (ti-:ice on-screcn) :und n +l volt dc 
vo1t:i:i.e is applied to input A ,  the trace \\.ill 

be deilectetl upnal-ti off xi-ccn If a +1 
uolt tlc volt;ize is now applied to input B,  
tlie 11-;ice \\.ill return on screen. One might 
say that the signal .slides htrclr on-scl-een as 
:I result of the \.olt;igc (slide-11x1; volt;\ge) 
:~pplied to i n ~ i i t  R.  Also, ant1 tliis is the 
~r inc ip le  of opxi t ion ,  tile tlc voltage applied 
to input I3 is coliimon-mode \\.it11 t h t  o i  
illput A ,  : i i ~ I  thus, hot11 :\re rejected hy the 
:impIi iier. 

A 1i1c:isurenienl prol~leni often encounter- 
ed is tile need to examine :\ pulse (say 0.01 
volt Ileigl~t) tlrnt is superimposed on n tlc 
level (s:iy 4-1 volt) ,  :\lid ni:\lce the me:isure- 
tnent \vith the oscillosco~x's :impliiicr dc- 

coniii1o11-niotlc :ind tllus I-ejected, :ilitI ollly 
the pulse i-enl:~ins. 111 this situ:\tion, the 
vcrtic:tl m~s i t iv i ty  could he incrc:\setl to 
5ni\'/cm \vhere the pulse \voultl linve :I 

liciglit o i  2 crnlimctcrs. 

signal in this exninple can l)c :my volt:~gc 
up to the ~n:ixiniuiii common-motle input 
voltage sl)ccified i o r  the :uiiplifier, the 
slidelxd; voltage should 11c :djust:il)le from 



z e r o  volts up to this tnaximum common- 
m o d e  input voltage level. \VitIi this source 
in a separate black box, an arrangement 
s imilar  to that shown in Fig. 11 can be 
s e t  up. 

specifications (attenuator accuracy, c o n -  
parison voltage accuracy, etc.; see ex- 
ample later in text) .  

i \  used to move the peak to the same grati- 
cule reference line T h e  dial reading is 
noted, and t l m  reading, added to  the f ~ r s t  
dial reading, equals the peak-to-peak volt- 

\ 

age 1 

Figure  1 1 .  Circuit connections for the slide- 
b a c k  technique described in the text. 

A second example of slidebaclt technique 
concerns the detailed ex:lniination of small 
amounts (1 millivolt) of modulation super- 
imposed on a pulse o r  square \v;\ve of +1.0 
volt  pulse I~eiglit. If this pulse is applied 
t o  input A of a differential atnplifier (at  
0.2 V/cm) and the "blaclc I~ox"  sliclel~aclc 
voltage source applied to input l3, the pulse 
displayed on the crt screen c:rn 11e moved 
vertically 11y varying the slitlel~aclc voltage. 
I f  the sensitivity is now incre;md to 1 nilT/ 
cm, tlie top of the pulse will go off-screen. 
I t  can be returned on-screen l ~ y  xdjusting 
t h e  slitlelxlcli volt:tge. Since the sensitivity 
rernained at 1 mV/cm, the sought-for ~nodu-  
lation on top of the pulse should occupy one 
vertical centimeter. (See over-scan liniita- 
tions later in t e s t ) .  

This  example introduces the concept of 
cffect izv crt screen 11cight. -4 1 volt pulse 
w a s  displayed on the crt screen at a sensi- 
tivity of 1 in17/cm. T h r o u g l ~  use of the 
slidel~aclc vo1tn::e any portion of the pulse 
could have been 11rought on-screen. Since 
the pulse height was 1 volt and the sensi- 
tivity 1 i i i lT/cn~,  the effective screen height 
xvas 1000 cm. T h e  formula for  finding the 
effective screen height is : 

Slitlc11:tclt Voltage - - 
1-el-tical Sensitivity 
Effective screen height 

:\pplying this formula to the Telctronis 
Type  \\' I-ligli-Gain Dif icrcnti:d Conipal-;~- 
tor Plug-111 Unit conics out :ts fo l lo~vs :  

Carrying the slitlel~acli tccl~nique one step 
further 1)y m:lliinz the slitlehnclc voltage n 
c:1lil)ntctl supply with :I precision di:d m t l  
building this into the amplifier m:ilics the 
device n tliifercnti;\l conip:\r:itor. This  in- 
strunlent, soinetimes c:illcd :\ slidel~:~cl; volt- 
rncter, car1 111:11<e Imth ;tc :uid tlc voltage 
measurements. The  precision of tlicse 11ie:ls- 
ul-cments in terms of a * percent can he 
ca1cul:~tetl from the tliffesential conqnrator  

Figure 1 2 .  The Tektronix Type W High-Gain  
Differential Comparator Plug-In Unit. 

Operation of the differential comparator 
as  a precision voltn~eter  consists of :~ppIy- 
ing the signal to be nieasured to input A 
with the front panel controls set for  a com- 
parison measurement. This  internally con- 
nects the comparison (slitlel>ncli) volt;tge 
(\'c) to input 13. Figure 12 sliows the 
front panel of the Type \\I IHig11-Gain 
Differential Comparator Plug-In Unit. Note 
that the V c  range switch not only cliangcs 
tlie range but also can change the polarity 
of the comparison voltage. This  allows 
comparisons with 1,oth positive-going ;wtl 
negative-going signals. 

In  tlc voltage measurements tlie signal- 
c:lrrying cable is connected to the A input 
connector \vith the input attenuntor at  I ,  h t  
~r i t l i  the input coupling srvitcli set to GND. 
The display s~vitch is set to A-Vc ~vhich 
means a co~nparison lxt\veen \vIiatever sig- 
nal is present :it input h and tlic comp;~rison 
vo1t;lgc. The  precision dial is set to zero 
and the position con(]-ol used to move tlie 
trace ( iree-run) to the center \.crticnl 
rcierence graticule line. This  zero volt:lgc 
line is the start and f i ~ ~ i s h  point of a meas- 
UI-ement. All that seninins is to turn the 
coupling s~vitch of input A to tlc, which 
:illo\vs the trncc to tlis;ippenr off-screen; 
then slide the t r ; ~ e  11:icl; on-screen to the 
reference line \villi thc precision tli;tl. Tlie 
v;ilue of the unknown voltage is tlie re;itling 
of tlie precision dial. 

.AC voltage me:lsurcnients h t  use A-c 
input coupling 11:tvc signals that p:iss 
tliroi~gli Imth polarity. To measure pe:tl;-to- 
pc;tli, tlie comp;~rison volt:ize di:d is ;idjust- 
ctl to 1~riri.r: one ~ e a k  to a grnticule reiel-cncc 
line :\nd the tli:d rending is noted. Then 
the l 7 c  range s\vitcli is turned to tlic oppo- 
site po lx i ty  and again thc precision dial 

Figure 13. Test setup to measure amplifier 
gain.  

-411 applic:ttion in wliicli the two inputs to 
a differential comparator a r e  used to ad- 
vantage is the gain setting of low-irequency 
;~mplifiers. Figure 13 sliows a suggested 
;~rrnngemcnt in which input A of thc com- 
parator is used to mensure the input signal 
(A-Vc Display) and then input B of the 
comparator is used to measure the output 
(I!-Vc Display). 

A second application is the nicasurement 
of transmitter carrier power. I n  the follow- 
ing tlescription, correction must be made for  
c:u-rier frequencies that a r e  above the flat 
response portion of the amplifier passband. 
I11 addition, since this is a voltage rneasure- 
ment, tlie transmission line should be ter- 
minated so as to minimize standing waves. 
.A "Tee" connector is inserted in the output 
transmission line and used to couple the 
input of the differential co~nparator ,  through 
;\ttenuator probes, to the line center contluc- 
tor. Figure 14 s h o ~ v s  tlie connections. 

Figure 14. Test setup to measure transmitter 
power with a dif ferential  comparator. 

The pe:lli-to-pe;ilc sine n.avc carrier is 
measured with tlie differenti;tl comparator 
ant1 the results used in the folloning for-  
~i iula : 

P-I' Volt;\ge 

. - -- -. = Power 
% of System 

For  ex:1niple, if 200 volts pealc-to-peali 
carrier voltage is mcasuretl \\.it11 :I differen- 
ti:d conl]):~r:ltor and the transmission system 
is -50 $1, tlie power i s :  

['I 0 7071 - 70 7- 4998 .i 
- 

so $2 - - - 
= 99.97 \\ 

50 $ 2  son 



At low power,  a s  in this exanrple, the signal 
can be connected directly into the coin~~ar:i- 
tor, but at  higher power levels attenuator 
probes must he used and tlic tolerance of 
tliesc probes slioultl be included in the po \ \w 
cornputat ion. 

I.iii~ifnfio~zs of Diffcr.ri7finl Coiiipar.ntor.s 
Owr.srtr~z Rcroewy is a characteristic of 

differential comparators that states tlie time 
required f o r  the :uiiplifier to recover to 
uitliin some amount of voltage after  a re- 
turn to tlic screen. For  example, in the dis- 
cussion of effective scl-ecn height, the top 
of a pt~lse was  I~rouglit on-screen 11y use 
of tile slitlehack voltage. \\'hen the pulse 
falls and rises again, the r:cpitl cliruige 
causes peaking and ringing of the pulse 
leading edge. T h e  overscan recovery speci- 
fications s ta te  that this ringing will reduce 
to \vithin 10 millivolts af ter  300 nanosecontls 
(\\' unit) .  I3ec;iuse of tliis, ~neasurenients 
slioulti not I>c m:de in tlie first 300 nano- 
secolids a f t c r  the leading edge of the pulse 
I-c:cppears o n  the screen. 

Rirtc of I i isc is a specification of some 
tiifferenti:ll atnplifiers (Tekt ronis  Type Z 
Diilercnti:il Con1p:lrator I'lug-In ITni t )  that 
is specified ill volts per time. For  instance, 
the m:isimum r:ite of rise of tlic % unit is 
1 volt in 7 n;~nosecontls. Signals that exceed 
tliis r:ite will cause grid current and suhse- 
quent \v:ivefo~-m distortion. Similarly, rate 
oi  i;dl of the  % unit is 1 volt in .5 m n o -  
seconds. 

Recovery from the conditions caused 11y 
pulses that exceed these rates takes an 
:~iiiount of lime that is proportion:il to tile 
pulse :umplitude. For  example, n 10.0 volt 
pulse that csceeds the rate of rise specifi- 
c:ition (s:iy 1.0 volt per 7 n;i~iosecontls) 
~voultl cause tlie first 70.0 n:uiosecontls, 
iiiexsuretl f r o m  the start of tlie rise, to he 
utrus;il)le. 

Diffrr.ei7titrl Coiiiptrr.c~tor. illrnsrrrriiir~zt Ac- 
rioilry 

Tlie :iccu~-:icy of :I dif f erentinl co~ii~):u-:ito~- 
measurement depends on several cI1:ir:weris- 
tics of tlie :uiiplifier. These :ire: ccmp:iri- 
son volt:~ge ( V c )  ;mil linearity :iccurncy. 
CXIIIR, dr i f t ,  :itid input attenuntor nccur:icy. 
Tn ;iddition to tliese c11:ir:~cteristics \\-liicli 
affect till ~rie;isure~nents, certniii other f:lc- 
tors must I)e considered \\-lien me;isui-ing 
pulse :iiiiplitudc. ?'liese include: el-I-(11-s due 
to :implifier recovery, shift in ~referenre 
level, :lntl input : i t t c ~ i ~ ~ ; i t o ~ -  co~iipens;ltion. 

E:iclr of t l~ese  cli;~r;icteristics, \vhere :\I)- 
plic:tl)le, c;ui influciicc tlie over:lll :~cur : icy  
of :I ~nenst~reirient. Ry :ultling the toler;incc 
figures of e;icli cli;ir;ictei-istic, :I "\vorst 
c:w" f i g i r e  can Ix o1)t:linetl fo r  any par- 
ticuI:~i- comp:ir:itor iiie:lsi~rement. F o r  e s -  
:iml~le, tlic ovcr:ill :tccurncy of ;I tlc level 
mc:isu~-eiiietil of :ipp~-osimxtely 2.5 volts (2.5 
volts :iilcr S 1 0  input :itteiiu;itiori) usitig :I 

V c  supply accuracy 0.15 % 
\'c reatlout linearity (0.05% 
of 11.0 volt range) 0.22 % 
C M R R  (20,000 :1) 0 .0054  
Reference drif t  (1 mV) 0.01 % 
Input attenuator accuracy 0.05 % 

O\rerall ncciiracy 0.50.5% 
A pulse measurement in \vhicli the signal 

\vas approsimritely 25 volts (2.5 volts af ter  
1 1 0  input atteiiuation) \vitli :I \vidtIi of 0.7.5 
iriicroseconds \vould be : 

Operator resolutio~i ( I  mm at  
10 tnV/cm) 0.01 % 
V c  supply accuracy 0.15 70 
\:c readout linearity (0.05% 
of 11.0 volt range) 0.22 7~ 
C M R I i  (20,000 :1) 0.005% 
Refel-encc drif t  ( I  mV)  0.01 7i. 
Input :ittcnu;ito~- ;iccurncy 0.0.5 5% 
Input ;ittenu;ilor co~iipensation 
( 1 7 ~  \vitli 20 microseconds time 
constant) 1.00 5% 
liccovcry ofiset  (10 111\:) 0.10 7~ 
Iieiercticc level shift (5 niV) 0.20 % 

Overall accur:icy 2.105% 
, . l l ie  1;irgc influence of the input attenuntor 
coiii~~ensntion (1%) in this esntriplc is due 
to tlie narrmv \vitlth of the sig~inl. \\lien 
this \vidtli is incrensed to 100 microseconds, 
tlie overall nccul-ncy figure is 0.958%. 
, . I lie toler:uicc figures usetl to compute tlie 

overall figures can I)c ol)t:ii~ietl iroiii tlic 
instrutrient instl-uction tii:inual. Tile i o l l ~ ~  
ing formulas should I x  usetl to convert 
tliese iigures to pcrcent:iges \vliere neces- 
s:1ry. 

CMIi I i  error  i \  the rcc~procal of the 
C M R R  expressed :is ;I percentage 
C h l R R  error  (%) = l / C M R R  

drif t  (volts) 
Iicfercnce drif t  = -- -- x 100% 

\'c 

Er ror  tlue to :uiiplifier recovery = 
of iset (volts) 

s 1 0 0 7 ~  
Y e  

E I  1-01 tlue to reference 4i1i t  = 
\111f t  ( \ ( )I ts)  
-- \ 100% 

\-c 

. l I(~i .s~~r. i j~(j  l ' o ~ ~ ~ ~ i f i o i i ~ ~ ~ f ~ ~ r  (.ojij,)~il~ity 

.A tlifierential aniplifier coml)inetl with ;I 

stor:lge oscilloscope and test jix can Ije usetl 
to niensurc liiie:\rity, tr;icliing, :mtl I~acl~l:\sli 
o i  j~otetitio~iieters. The  tcst setup is siniil:ir 
foi- :ill 1111-cc 1nex1ireliients :iiitl is slio\vn in 
F i g ~ i r e  15. 

J.iuc(rr.ity (i11depentleiit) : This  tern1 is tle 

\\.  ini it nrould he : fined :is the ~ii;iximuni devi:ition, cxpl-essetl 
Opc~-;itoi- resoliition ( I  nim :is :1 pcrccnt o i  tlie total applied volt:ige, of 
at 10 mV/cm) 0.01 % the ;ictu:il function c1i;~rncteristic [I-om a 

Figure 15. Test setup to check potentiometers 
for linearity, tracking, and  backlash. 

str;iiglit reference line \vith its slope and 
position chosen to mini~nize the m : ~ s i ~ n u m  
clevkition over the :ictusl elcctl-ical travel, o r  
any spcciiietl portion thereof*. 

Tlie test for  1ine:irity is a coiiip:u-ison be- 
tween ;I st;intl;ii-tl xitl unkno\vn. A staiid;trd 
potcntiotiicter ;und the potent ionicter to be 
tested a re  coniiectctl in tlie rest circuit \vith 
their sh:~fts  mecli:i~iic;dly coupled togctlier. 
h t i i  controls :we set at tlic end o i  tlieir 
slinft rot;~tioii (zero \ ~ ~ l t s  out)  :und the 
tliffcl-cnti:ll :implifier :uid the oscilloscope 
;ire ;~djustetl to position the start of the 
tr;ice ;it the vel-tical midline. Sitice the hori- 
zont:ll trace is dl-ivcn 1)y the volt:igc from 
the st:cntl:lrd potentiometer, the Iiorizontal 
:iiirl)lifier slioultl I)e ntljustcd to makc the 
complete rot;itior of tlic poleiitiotiicters 
correspond to degrees, i.e., tlegrces per liori- 
zontnl centimeter. 'I'lius, tlevi:itions in line- 
arity c:in he dcscril~etl in terms of voltage 
cscess at specific points o i  shaft rotation. 
For es;i~iiple, :i repol-t on a test could I-end 
"20 mIT  I,e) ond t o i e ~  ;unce nt 200' ironi ccw 
end " 

\\.it11 l)otli potentioineters coupled together 
:ind coniiectetl to the :inipliiier, it only re- 
mains to tlcteriiiinc the sensitivity set t i~ia of 
tlic :iiiiplifier I)eiol-e the ;~ctu:~l  test is run. 

l'lic tcst is co~iiplctetl 1,). turning the t\vo 

t i  ;in Tnthistry Stantlard 
~~ul~lisl iet l  1)y the Precision I'otcir- 
tionicier M: i t iu f ;~ tu~-e~-s  Assn. 



A t  this point the baclilash** of the poten- 
t iometer  can be checlied by reversing the 
rotat ion of the control shafts and returning 
them to their s tar t ing point. If no baclilash 
is present, the new trace will exactly super- 
impose over the first. But with baclilash, 
t h e  new trace will be' shifted, and the 
amount  of this shift is a measure of the 
backlash. This same check can I)e made 
a f t e r  the tracking measurement describetl 
below : 

Trncking : This  term is defined as the 
dif fel-ence at  any shaft  position bctlveen the 
ou tput  ratios of any two commoiily actuated 
similar  electrical elements espressetl :IS a 
percentage of the single total voltage applictl 
to them. 

I n  tracking, the nxasurement i s :  Iio\v 
closely do t\vo o r  more ganged potenti- 
ometers  have the same output voltage as 
they a re  rot:itetl thro~ighout their range? 
T h e  test setup is the same as that shown in 
F i g u r e  1.5. The  specification is usu;illy given 
a s :  should track \vithiii some pcrcent:ige 
such a s  1.0%. \\.it11 this spccific:~tion :111d 
10 volts applied across the potentiometers 

**I3acI;l;\sh : Defined as the maximum dii-  
ference in n slinit position 
that occurs when t l ~ e  sh:lft is 
moved to t l ~ e  s;i111e acut:ll out- 
put n t i o  point isom opposite 
directions. This measurement 
esclutles the effect of ~sesolu- 
tion and contact .ivitlth. 

under test, the difference voltage should not 
exceed 1% of 10 volts or 0.1 volt. A t  
these figures, the sensitivity of the dif feren- 
tial a~mplifier sl~oultl be set to 0.05 V/cm. 
This  corresponds to t 2  vertical cm. 

R:iclilash can also be chccltetl as  described 
:ibove under 1ine:lrity. However, in this 
case the results are total h;icklash for  both 
controls. 

Joseph E. Xelson originally tl-ained as a 
I)iochemist at  Massacliusetts Institute of 
Technology \vhile a member of the U.S. 
.4rmy. This was conc~irreiit with 6 years 
a s  :\ clinical chemist in army laboratories 
during \\'orltl \i'ar 11. 

A t  the conclusion of \\'orltl \\lay 11, lie 
entered electronics with stress on communi- 
c:itions During the fifties, while with 
Korthrop .Aircr:lft he hecaiiie associated 
\vith stand;irtls and mensureinent techniques. 
I-Te has puhlislied seuer;il articles on primary 
and seco~itinry stantlards and their relation- 
41ip to the c:il~l~ration laboratory. 

\\.it11 Telitronis he has served :IS a tecli- 
nical ~ v r i t e r  of instruction m:munls and cur- 
rently a s  :ui engineering writer of technical 
application and instructional articles. 

I l rawing on his original 11-:lining as n 
cliemist, he is no\r- active in seeking ways 
to ;lpply electronic instruments sucli ;is dif- 
ferential amplifiers to the field of atialyticnl 
chemistry. 

-The Editor 

ERRATA 
Figure 9 in P a r t  I of Introduction to  

Oscilloscope Differential Amplifiers puh- 
lishetl in the August 1965 issue of Service 
Scope is incorrectly drawn. The probe 
sliieltls, in all cases, sliould he shown 
grounded to  the differential amplifier chas- 
sis as  follows: 

DIFFERENTIAL 

/ ' \  

Also in the article, Introduction to Oscil- 
loscope D i f f e r e ~ ~ t i a l  Amplifiers under the 
heatling P r o l ~ e s  and Comtnon-Mode Rejcc- 
tion, h t l  p;lr:~graph, page 3, the statement, 
"Tektronis  Type 190R Sine-wave Generator 
: ~ t  1 kHz," should read, "General Radio 
Type 1210C Sine-\\'aye Generator set to 1 
kHz." 



T E I C T R O N I X  P A R T S  R E P L A C E M E S T  
K I T  050-0226-00 - A T T E X T I O N  U.S. 
A I R  F O R C E  I N S T R U M E N T - C A L I -  
BR. \TION A N D  R E P A I R  P E R S O N -  
N E L  

The instruction sheet for  parts replace- 
men1 kit 050-0226-00 contains an error .  
This Iiit replaces the selenium rectifier 
stack SR741 or  SR701 in the Type 180.-\ 
Time-Mark Generator, o r  SR460 in the 
Type 315D Oscilloscope with a silicon 
rectifier bridge. The  Itit was protluced 
as a special order for  the U.S.  Ai r  Force. 

The e r r o r  in the instruction sheet is itn- 
portan[ only when the kit is used to re- 
place SR701 in the +350-V supply of the 
Type 180A Time-Mark Generator. 

W-o-bk  Bare wire to 

w-o-bk I /SR 721 

gy-o- bn --. 

TYPE 180A 
+ 350  Supply 

Figure 1 ( a ) .  

Bore 
SR 

wire 
72 1 

TYPE IBOA 
+ 3 5 0  Supply 

Figure 1 (b). 

Figure 1 (a) is a reproduction of the 
SR701 rectifier diagram a s  it appears in tlie 
instruction sheet. Here  the plus (gy-o-1x1 
wire) antl niinus (bare wire strap) leads 
are called o u t  incorrectly. Il'ith SR701 con- 
nected in this  manner, the resistor R701 will 
smolce and burn. Figure 1 (b )  shows SR701 
connected properly. Notice that the plus antl 
minus leads a r e  connected the reverse of the 
way shown in Figure 1 ( a ) .  

Our  thanks to Sgt. Ilaist of the Por t -  
land Air  Force  Base for  calling this error  
to our  attention. 

T Y P E  1<21 T)UAT>-TRACE CSIT- ' \T4R 
A T T E N  R 4L C O N T R O L  R E P I A C E -  
M E N T  

The  following inform;ttioii applies to 
Type 1 A l  Dual-Trace IJnits \\.it11 serial 
numlm-s 1)clow 360. 

R130 (Channel 1 )  and R230 (C1i:lnnel 

2 )  a re  the parts list and schematic desig- 
nations for  the potentiometers that serve 
as the V A R .  A T T E N .  RAL. controls for  
Chatinel 1 and Channel 2 in the Type 1 A l  
Unit. 

Start ing with serial tiuml~er 360, these 
potentiometers were replaced with a more- 
serviceable potentiometer (Tekt ronis  part 
numher 311-0459-00). This is the potenti- 
onleter you sliould order when replacing 
R130 or  R230 in units with seri:il numbers 
helow 360. You should also order an adapt- 
e r  nut (Telitronix part nuinher 220-0120-00) 
for cadi  replacement potcntiometer. T h e  
nut  u w l  to hold the original potentiometer 
\\ill not f i t  the replacement. 

T Y P E  -55.5 DU=\L-REAM OSCILT,O- 
SCOP1.I. - F A I L U R E  O F  I N T E X S I T Y  
C O S T R O L  T O  T U R K  O F F  R E A M  

T h e  Type 555 Oscilloscope has two 
I S T E N S I T Y  controls-one for  the Up- 
per Re;um and one for the Lo\ver Beam. 
In:ll~ility of one of these controls to turn 
off its associated beam ma); be c;lusctl 
11y failure of the type 5642 vacuum tube 
in the I N T E N S I T Y  control's circuit. 
S c I i ~ ~ i ~ : l t i c  designation of this tube is V822 
in the Upper Ream's I N T E S S T T Y  con- 
trol circuit o r  17922 in the I a w e r  Ream's 
I N T E X S I T Y  control circuit. Repl:tce- 
ment of the defunct 5642 tulle \\ill gener- 
ally clear up the prol~lem. 

T Y P E  M F O U R - T R A C E  P I > U G - I N  
U N I T - C H A N N E L S  A, B, C, i \ N D  D 
CROSS-TALI< R E D U C E D  

The  addition of four 0.01 p F  capacitor\ 
(Teli t ronis  part numl)er 283-0050-00) \vill 
eliminate 11igh-frequency cross-talk (ap- 
proqimntel~.  0.5% ;it 20 MT-Iz) in early T);II~ 
M Four-Trace Units, serial numbers 101- 
3120. 

T o  add the capacitors, iilstall n #2 sol- 
der lug (Telitronis p:ut numl~er 210-0001- 
00) under the socket-mounting screw near- 
est pin 2 of each V.3323 tube soclcet. V5323 
is a type 7.586 vacuum tube :ind there are 
four  of them-one for  each cliniinel-in 
:I Type M Unit. Solder an 0.01 p F  c;ip:lcitor 
11etmen pin 2 of tlie tube soclcet and tile 
newly installed solder lug of each 1.5323 
tuhc. 

1ksign:ttc the capacitor C5323 ;itid ;itltl 
it to the p;lrts list :mi  schematic of t l ~ c  
Type  M tinit 's Instruction kl:~niinl. 

Type hl Gnits, serial nurnl~ers 3120 ;und 
u p  have this modification inst;illed :tt the 
factory. 

T Y P E  3 4 3  D Y A L T R 4 C E  D I F F E R E X -  
TIAT< 4 M P L I F I E R  - U K S T  ABLE 
T R 4 C E  A S D  D C  S I T I F T  

Some Type 3X3 Dual-Trace dif ferentinl 
anlplificr units \vitliin the seri:iI iiui~iher 
range 101-969, will soiiietimcs exhibit nil 
unst:d)le trace antl evidence of dc shift 

when the at tenmtor P O S I T I O X  control 
is adjusted. This, xvlien it occurs in Chan- 
nel 1, is caused by osci1l:itions in transistor 
(2113 and ( o r )  Q243, antl, w11en it oc- 
curs in Channel 2, by oscillations in tran- 
sistors (2343 and (or )  (2443. 

The  cure is the addition of 4 ferr i te  
cores (Tekt ronis  p:irt numl~er 267-0.532-00). 
Install n ferrite core on the #22 wire 
strap that runs lxtu.een the emitter pin 
:inti the ceramic strip of each of the four  
tr;msistors, Q143, (2243, Q343, and (2443. 
Designate the cores L133, 1243, L333, and 

Figure 2. Partial schematic showing installa- 
tion of ferrite cores to emittter leads o f  (2143, 
Q 2 4 3 ,  Q 3 4 3 ,  and  Q 4 4 3  in the Type 3 A 3  
Unit .  

L4-43 a s  shown in Figure 2. .4dd them 
to the parts list nntl to tlie Channel 1 
Tnput Aniplifier :tiid the C11:tnnel 2 Input 
A m ~ l i f i e r  schematics ill your Type 3A3 
Tnstruction M:tnu:il. 

'SYI'E 3X74 F O V I I - T R A C E  PL17G-IN 
I ' S I T  - P R O T E C T I O N  A G I \ I K S T  
1. \ K G E  P O S I T T V E  T R A N S T E N T S  

T h e  addition of a 1 li, I/? \\', 10% re- 
sistor (Tel<troiiis part i~uti i l~er  302-0102-00) 
in e:irly Type 3A71 I'lug-In Cni t s  reduces 
the possil~ility of :I f:iilure of the Channel 
1 trigger-amplifier tr:insistor, (2.503, caused 
hy n I:trge positive tr:iiisient : ~ t  the input 
connector. The  new resistor repl:tces the 
wire strap I)et\veen the collectoi- :ind ground 
of the trigger-:implifie~- tr:tnsistor Q503. 

Designate this i m v  resistor R5Ol atid 
:ldd it to the p:irts list ant1 sc1ieni:itic in 
[lie Type 3 4 7 4  Ins t r~ ic t in~l  Matiu:il. 

This  improvctiieiit is ;~pplic:ible to Type 
3 A i 1  Units, seri;il numhcrs 101-1309. I n  
Lynits \vitlr serial numbers 1310 and up the 
protection is inst;illetl at the factor?,. 









Str:inge :IS it m;iy seem, most fatal elcc- 
tric slioclcs l l n p ~ ~ e n  to people who should 
Iinow I~ettcr .  I-[ere :we s m e  electro-tnetlical 
facts that sliould m:ilie you think t\\.ice 
I~efore t:il<ing t h t  last c1l:mce. 

It's Tlrr C Z I P Y C I ? ~  Tli~rf Kills 

Offhand it would see111 that a sliocli of 
10,000 volts ~vould he more tlcadly th:m 100 
volts. 13ut this is not s o !  1ntliuidu:ils I1:cvc 
I~cen clectrocutctl by :~ppli:r~~ces using ordi- 
m r y  l ~ o u s c  crlrrents of 110 volts :ind hy 
electric;il :~pp:lratus in intlustry using :is 
little a s  42 volts direct current. The  I-ex1 
mensure o i  shock's intensity lies in the 
arno~int o i  current (ampc~-es)  forced 
tlu-ough the l~otly, :ind not the volt:ige. .Any 
e1ectric;d device used on :L house wiring 
circuit can, ui~tler certain co~-itlitions, tr:ms- 
mit :I i;ital current. 

\\'llile any  amount o i  current ovel- 10 
milli:rtnps (0.01 amp) is cap:ilde of pro- 
tlucii~g p:linful to severe shocli, cur~-cnts  1 ~ -  
t\vecn 100 and 200m.X (0.1 to 0.2 :1111p) 
:ire leth:1l. 

Currents above 200 milli:l~nps (0.2 ;itnp), 
while producing severe I>urns :mtl uncon- 
scioi~sness, do not usually c:mse dent11 if 
the victim is given i1i111letli:ite attention. 
Resuscitation, consisting of nrtiiici:~l res- 
p i ~ i t i o n ,  \\-ill usu:dly revi\:e the victim. 

Cliart 1 shows the physiological effect of 
v:lrious current densities. S o l e  t11:11 voltage 
is not a cot~sideration. A l t h o ~ ~ g h  it t:ilics :i 

voltage to malie the crlrl-ent flmv, the 

amount of shocli-current will vary, depentl- 
iilg tlle Imdy resistance 1)ctween thc 
points of cont:ict. 

-4s shot+-n in the chart, shock is rcl:itivel\. 
more severe as the current rises. A t  values 
:is Ion. as  20 milli:~mps, hrenthing l~ecomes 
lnl~oretl, fin:illy ceasing completely even at 
\.;ilues 1)elow 7.5 milliamps. 

As  the current approaches 100 milli:tmps, 
ventricular iil)rill:ltion of the he:irt occurs- 
:m uncoort1in:ltetl twitching of the n.:dls of 
the he:irtls vc~itricles. 

Al,ovc 200 milli:umps, the 1i1uscul:u- con- 
tractions :ire so severe th:tt the heart is 
iorcil)ly cl:ui~pctl during the sliocli. This  
cln~nping ~)rotects  the heart from going into 
ventriciil;lr iil~rillation, ant1 the victim's 
cl1;mces for surviv;il a rc  good. 

I t  is common Iino\vlctlgc tli:it victims o i  
liiglr-volt:ige shocli usu:illy respond to nrti- 
ficial respiration 111orc readily tli:m the vic- 
tims of lo\\.-volt:lgc sliocli. The  reason may 
he the nierciiul cl:in~ping of the he:rrt, owing 
to the high current densities :moci:ited \vitl, 
high voltages. I-Io\vever, lest tliese tlet:tils 
11c tnisinterp~-etetl, the only re:~son:il~le coil- 
clusion tIi:ll c;in 11e tlrn\\-n is that 7.5 volts 
:\re just :is letllnl ns 7.50 volts. 
, . l lle actu:ll I-esist:tncc of the 11otly ~ i r i e s  

tlepc~itling upon the points of cont;ict : ~ n d  
tlie skin condition (moist or- d r y ) .  T3et~vccn 
tlie c:irs, for  esatnple, the interiial resist:mce 
(less than sliin resistance) is only 100 ohms, 
~vhile fro111 11:md to foot it is closer to -500 
ohms. The  sliin resist:mcc 111:iy v:u-y f rom 
1000 olims for wet sliin to over 500,000 
ohms for  dry sliin. 

\\%en \vor-king around elcctricnl ec~uip- 
meut, move slo\vly. Malie sure your feet 
a re  firmly placed for  good lxhnce .  Don't 



l u n g e  after  falling tools. Kill all power, 
a n d  ground all high-voltage points before 
toucliing wiring. Make sure tliat power can- 
n o t  be accidentally restored. D o  not work 
o n  underground equipment. 

Don' t  examine live equipment when men- 
ta l ly  or physically fatigued. Keep one hand 
i n  pocket while investigating live electrical 
equipnient. 

Above all, do not touch electrical equip- 
m e n t  while standing on metal floors, damp 
concrete or other well grounded surfaces. 
Do not handle electrical equipment while 
wear ing  d a ~ n p  clothing (particularly wet 
shoes)  o r  w l d e  skin surfaces a r e  damp. 

D o  not work alone! Remember tlie more 
y o u  know about electrical equipment, the 

more heedless you're apt to become. Don't 
take unnecessary rislis. 

Cut voltage and/or remove victim from 
contact as  quickly a s  possible-but without 
endangering your own safety. Use a length 
of dry wood, rope, blanltet, etc., to pry or  
pull the victim loose. Don't waste valuable 
time looking for  tlie power switch. Tlie re- 
sistance of the victim's contact clecreases 
with time. The  fatal 100 to 200-n~illiampere 
level map be reached if action is delayetl. 

If the victim is unconscious antl lias 
stopped breathing, s tar t  artificial respira- 
tion a t  once. Do not stop remscitafion m t i l  

Some readers h a w  indicated an interest 
in  articles uri t ten by Tektronis  personnel. 
F o r  tliese readers' information, we list here 
t h e  title of the article, tlie nuthor, the 
author 's  title, the publication in wllich the 
art icle  appeared and tlie date of the issue. 
\Xre inclutle also, a tliumh-nail slxtch of 
t h e  article's content. 

Reprmts of tliese articles a r e  available 
through ?our local Telitronix Fieltl O f -  
f ice,  Field Engineer, Field Representative 
o r  D ~ s t r i l ~ u t o r  

Tliey arc offered on a first-come, first- 
se rve  Insis. \\lien quantities a re  ex1i;utsted 
they will not he reortleretl. Another possi- 
ble source for the :rrticles is the 11:~l.;- 
issue file (in a pul~lic or  company library) 
of  the magazine in \vhicli the article orig- 
inally nppearetl. 

"Str:\igl~t Scoop on Sampling Scopes", 
Cliff Moulton, Project  Engineer (formcr 
employee). .l4 I C R O I f f  ./I Y E S ,  February, 
1963. .An early explanation of the sampling 
oscilloscope. \\'hat is is, how it works, 
h o w  tlie n r i o u s  circuits differ  f rom tlie 
conventional oscilloscope. 

"Pulse Reflect~ons P in  Down Discontinu- 
ities", Gordoii Long, Design Engineer 
I:'LECTRO!YIC DE.CIG.V, N:u. 10, 1963. 
U s i n g  a sampling oscilloscope to obtain 
high resolution inc;w~rcments when using a 
pulse-reflection technique to test transmis- 
sion lines. 

"The Cathode Ray Oscillo~copc", \\'ill 
Marsh,  Staff Engineer. MACHIATE Dl<- 
S I G N ,  June 6, 1963. Using an oscilloscope 
to  obtain precise (and sometimes otherwise 
unobtainable) information in tlie field of 
mechanical design. 

"Stor:lge to Picoseconds-a Survey of the 
Art", C. N. \\'inningstad, Manager, Dis- 
play Devices Development. E L E C T R O N I C  
I N D U S T R I E S ,  June, 1963. A comparison 
of the sampling oscilloscope witli the con- 
uention;il oscilloscope in a series of topics 
including risetime, sensitivity, display modes, 
system inter:iction and interference, antl 
cotitinuing accent on tubes. 

"Understantling Operational Atnplifiers", 
Geof fery G:iss, Staff  Engineer. I<I.EC- 
TROIVIC  I N D U S T R I E S ,  February, 1964. 
An exp1:uxdioii of operational amplifiers 
ant1 how they \vork. 

"The Sophisticated Oscilloscope", John 
I<oI)be, Manager, Adv;tnced Circuitry De- 
partment. I.\;I1USTRI.4I2 I I I~ .CEARCH,  
hlarcli, 1961. A discussion of present-day 
oscilloscopes and tlie techniques employed to 
record oscilloscope data. 

"How T o  Get More Out of Your Spec- 
trum Analyzer", A. Frisch antl M. Engel- 
son, Project Mnnagers, MICROld'.il 1713.C, 
X : L ~ ,  1963. Describes five useful micro- 
wave me:~surernents tliat can l x  performed 
n.it11 a spectrum analyzer. 

"Measuring the Cost of Progr:immed In-  
struction", Fred Davey antl Je r ry  Foster, 
Programmed Instruction Group. AI )MIn ' -  
I.CTRATII'E 114ili\~AGE!14EA'T, Septem- 
Ixr ,  1961. Some guide lines for  companies 
considering the feasibility of writing their 
o\vn programs. 

"How T o  Measure High-Current Recov- 
ery Times in Signal Diodes", C. C. Edgar,  
Ilesign Engineer. 13131Z (Electrical Equip-' 
tnent Engineer) ,  October, 1964. A tecliniclue 
for  pulsing a diode on and off with cur- 

iiledical azcthority prolzoz~nces the  victim be- 
yond help I t  may take as long a s  eight 
liours to revive the patient. There may be 
no pulse and a condition similar to rigor 
inortis may be present; however these a re  
the manifestations of shock and a re  not an 
indication the victim has succuinbed. 
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rent of 1 amp or  higher anti ohserving the 
current t l~rough the diode for  the recovery 
time. 

"Kanosecond Measurements with a Sam- 
pling Oscilloscope", 13. Allen Zimmerman, 
Project Engineer. ELECTRO-TI2CFINOL-  
O G Y ,  January, 1965. A description of the 
s:iinpling process and a discussion of the 
usefulness and versatility of a sampling 
oscilloscope. 

"Oscilloscope Plug-In Spectrum Ana- 
lyzers", \\!&, Engelson, and Frisch, P r o j -  
ect Engineers. MICRO W A  YE J O U R N A L ,  
Mnrcli, 1965. Discusses the advantage of a 
plug-in spectrum analyzer ;is compared to 
a conventional spcctruin analyzer. 

"Design of Transistorized D C  Ampli- 
fiers witli Reduced Thermal Drift", Jerry 
Foster, Progmmmed Instruction Group. 
13-ECTRONICS  A N D  C O M M U N I C A -  
T I O N S  (C:mada), March, 1965. A dis- 
cussion of one of the prime considerations 
(luring the desigtl stage of seriiiconductor/dc 
:unplifier circuits - thermal compensation. 

"Using a Transistor-Curve Tracer", Ralph 
Show, Instrument Engineering. E I X C -  
TR0ATIC.C TVORLD, September, 1965. A n  
explanation of the operation principles of 
the transistor-curve tracer. Tlie method of 
interpreting curves to ohtain parameters is 
also cowl-etl. 

"The Sampling Oscilloscope", compiled 
from information supplied by Tektronis ,  
lnc. IJDN (Electrical Design News) Test  
Instrument Reference issue, 1965. H o w  a 
sampling system works. H o w  it buys sen- 
sitivity a t  the price of time. Some applica- 
tion techniques. 



T Y P E  1 A l  W I D E - B A N D  D U A L - T R A C E  ( F C C )  chose to tlcs~gn'ite these f ~ e l d s  ,ii T Y P E  544, T Y P E  546 ANL) T Y P E  547 
U N I T S  - O S C I L I A T I O S S  I N  T H E  F d d  One ,lnd F~cl t l  T\zo Thls nen s j \ -  OSCIIaIzOSCOI 'ES-USISG T H E  A M -  
"ADD" M O D E  tern ,)f t l cs~on ,~ t~nr r  the f~elt ls  ma\ 11e le- I 'LITVDE C A L I B R A T O R  \\'IT13 A 

Sometimes at turn on, ;ui oscilloscope 
with a T y p e  1 A l  Unit plugged into the 
vertical amplifier coti~partment \\.ill display 
a 10 M H z  oscillation on tlic crt. See Fig- 
ure 1. 

This only occurs when tile oscilloscope 
is turned on  with the M01)lZ c o ~ ? t ~ o l  ill 
flte .;inn fiosifio~l. T h e  plretio~netia is nor- 
mal nntl occurs hecause: wit11 tlic M O U E  
control in tlie A D D  position, hot11 halves 
of the c11a111rel-s~vitcliing multivi1)rator 
(Q30.5 :ind Q315) a re  normally hiasetl on. 
I-Io~vcvcr, during tlie oscilloscope turn-on 
cycle, ~vlien the power relay (K601) pulls 
in, the resulting po~ver-supply transients 

. I  ,rator may turn oTf one side of the multiv'l 
and it will g o  into oscillation. 

Switching tlie M O D E  s\vitch out of -4DD 
kills the oscillation and it will not come 
11acI; unless you repeat the oscilloscope 
turn-on cycle with the Type 1 A l  in the 
ADD mode. 

Figure 1. Typical oscillation waveform, caused 

by conditions described i n  text, displayed 

on a Type 5 4 7  Oscilloscope. Sweep rote 

0.1 ps/cm. Waveform wi l l  be different on 

Type 5 4 5  ( A ) ,  (B)  Oscilloscopes but fun- 

damental frequency wi l l  still be about 1 0  

MHz. 

T Y P E  RM529 \ \ IAVEFORM M O N I T O R  
- T E R M I N O L O G Y  

Early Type  RM529 \\'aveform Monitors, 
sn's 101-399, use tlie t e r m s  O D D  and 
E V E N  to designate the two positions of 
the F I E L D  S H I F T  switch. Subsequent 
to the introduction of the Type RM529, 
the Fetlcral Cominuiiications Commission 

'> <> 

latetl to the O D D  and E \ T N  terminology 
as i o l l o \ ~ s  : Field T w o  corresponds to the 
01111 position :und Field One corresponcls 
to the E \ , - E S  position of the FIEI-I)  
S I l l F T  switcl> on tlie early T!.pc RM529 
instruments. 

Reginning n.itli serial nu~nl,er 400 in the 
Type RM529 we chnngetl tlie front panel 
terminology. The  designation for  tlic 
FIET<I) SI-IIFT switch bec:tme FIEI-I)  :d 
the t\vo positions of this switch were re- 
I;~hcletl to confol-m to the FCC's tlcsignn- 
tion lor  fields of O X E  and T\\ 'O. 

-@+A 
. -..... 

-Start of Field 1 

/ c  . . . . . .  - ... .o . . .  

LJ . --..... 
-start of Field 2 

/ 
D 

Figure 2. Waveform display showing that 

Field One  is preceded b y  a ful l  l ine of 

video ( A )  and Field Two by a '/2 l ine of 

video (B ) .  ( C )  and (D)  indicate the 

equalizer pulses i n  the vertical blanking 

interval that determine correct instrument 

triggering. 

Notice in tlie tlisplny slio\vn in Figure 
2, that Field One is preceded 11y a full line 
of video ant1 Field T w o  l q  T/2  line of video. 
( A  and I3 in photo). 

T h e  RM.529 actually uses the posi- 
tion of the first sync pulse after  tlic last 
equ:tlizer in the vertical 1)lanl;ing interval 
to  determine correct instrument triggering. 
(See C : i d  I? in photo). The  F I E L D  
SI-IIFT (F1ET.D) sit-itch selects and indi- 
cates the field which will initiate the s\veep 
in :ill niodcs of operation. Hence, with the 
s\vitcli set to O S E ,  the vertical sync group 
seen ; ~ t  mid screen is the start of Field 
T ~ v o .  Note the j /2  line of video that pre- 
cedes this group. 

T Y P E  IS1  S A M P L I S G  P L U G - I N  U N I T  

.Alnplitutle Cali11r:itor circuits in Tek- 
tronir  instrunients prior to tlic Type 544, 
Type 546 a d  Type 547 Oscilloscopes, were 
not intended to he loaded with anything 
less t1r;in 1 megohni. Consequently no ef-  
fort was m:itlc to desirn the calibrator 
circuits to Iiavc n constant impetlance. F o r  
the Type .ill, Type 516 ;mtl Type 547 
Oscilloscopes, l r o u n w ,  \ye designed an 
Amplitude CaIiI~rator circuit that, within 
the 0.2 millivolt to 0.2 volt range, delivers 
voltages h:1ving a constant 50 o h n ~  source 
impedance. Tlle development of the Type 
IS1 Sampling Plug-In Unit ~vliicli has a 
50 oh~i i  input impetlance made such a cali- 
1)mtor desirnhle. 

Here  is a \vord of explanation for those 
using a Type IS1  in a Type 544, Type 546 
or  Type  547 Oscilloscope :uid looking at  the 
c:dil~rator with the A%H'LIr~UDE CALI-  
I3R:ITOR control set to one of the 0.2 
mill mlt to 0.2 volt (50 fl colistant source 
iiripetlmce) positio~is. 

If you a re  checking the gain of tlie Type 
IS1  (remcinlm, it lins a jOll input im- 
petlance) you ~vi l l  find that the gain of the 
Type IS1  appe:m to 11c 50% low. This 
is normal-the ca l i l~ra to~  voltage iiidicatetl 
hy the AM17121TUDE CATdTRR:\TOR 
control will be t\vicc the voltage available 
a t  tire input of the Type 1S1. In other 
\vords, given a volt:ige with a 50 il source 
impedance and a 5Ofi loatl, the voltage 
across the loatl \\,ill I x  one-half the volt- 
age of the generator 

One can look at it a s  slio\v~i in Figure 
3, with tlie r2mplitude Calibrator acting a s  

Figure 3. Simplified equivalent circuit rep- 

resenting the Ampli tude Calibrator of a Type 

544, Type 546, or Type 5 4 7  Oscilloscope 

and  a Type 1.51 Sampling Unit. 



t h e  getierntor with ;I source irnpetl;iiicc o i  \\'e might ~iiention here t11:it \vlien using T I 3 T  S E T  UP C H A R T S  
.ion : i d  the Type 1Sl  \vith nu input ini- the .-Implitudc C:ilil)r:itnr o i  n Type 544, 

\\'e ~ v o ~ i l d  like to bring our re;itlers up 
petl;iiice of 50R acting ;ls the 1o;itl. Ti the l'ype -546 or Type 517 Oscilloscope in cow 

lo t h t e  on the Test Set  Up Charts nolv 
~, l lpl i l , l t le  ~ : ~ l i l , ~ ; ~ ~ ~ ~  c i r c u i t  ,.olt:ige jwction \vith n plug-in unit o r  other device 

:iv:iil~il~le, 
is 2E, then tlic vo1t;cgc :icross the lo:itl ~vil l  

Inving :1 high input i~npctlance, the volt- 
age tlelivesetl ;it the input of the plug-in .4s yoti niny recnll, the charts o f fe r  a 

h e  E. So, ii the -4mplitutle C:ilil)rntor is (levice ;lasee ,\.itli value in(li. scxly means o i  recording instrunlent con- 

s e t  f o r  0.2 volts one should re:id 100 n i i ~ ~ i -  c;ltetl , l ie  A ~ ~ P I ~ I T ~ I ~ E  C ~ \ T J I ~ R I I .  trol settings io r  ;1ny given test o r  protluc- 

vo l t s  on the Type IS] .  T O R  coiitrol setting. tion set-up. For  the I ;~l~osntory this me:uns 
that in so f:u- ;is [lie oscilloscope is con- 
ccriietl, one need no lonwr  I-elv on iiiemorv 

+135V t 1 3 5 V  1135'4 t 135V 

470K IK 470K I K  

BEFORE 
CHANGE CHANGE 

Figure  4 .  Before and After schematics showing installation of 0 . 1  discap in the + 1 3 5  V supply 

of the Type 1 2 5 .  

TYPE 1 1 2  I )LJ \ l . -TI I - \CE PI-17G-TS 
IyNT1'-YE\\. ST1 \FT CO171'1~I'It T1I- 
P R O \ T S  \- \RT \ET>l< \70T.TS/CSI PO- 
T I ~ S T I O 1 Z I 7 T E I I  II1,T.T \ET121rTJ' 

Coupler 3 7 6 - 0 0 5 4 - 0 0  

Control Rod 3 8 4 - 0 2 7 6 - 0 0  

7 .  I lie ~ i ~ ~ l o n  pot-coupler Fornicrly used re- 
clilires ;\ 1i;u-tl pusl~ t ( 1  ioi-cc the coupler 
sleeve onto tlic potcntioiiieter sll;ifl. The 
exercise of too much force Iiel-e c:in cause 
tl:im:\ge to the potent ioliietcl-. The  ne\v 
type coupler :l i i t l  control sli:\it cliniili;lte 
this  1i:izartl. 

iiuiiil~er 283-00.57-00) il.om the grid, pin 2, 
0 1  \.667:\ to the groutid lux of the \-667 
t i i l x  socket. See Figure 4. 

1ksig1i:itc the ~ i e ~ v  c:ip:iCitm C619 :ui11 
;~tltl it to tlie p;lrts list :\nd sclicni:\tic in 

, . 
youl- I ypc I2.i I~istrr~ction I\l:unu;il. 
, . Illis niotliiic;ition is :~pplic;il~lc to Type 

12.; I 'o~ver S ~ ~ p p l i e s ,  SCI-i:il I ~ I I I ~ I I C I - s  101- 
2169. 

Tli the e:irly 21367 Tilnc-Ihse I7iiits (be- 
I I J \ ~  sn 10630), i t  \v:is soinetinies Ii;ii-tl to 
iintl :i cornpi-oinise St:ll)ilit!. :\tlji~stnicnt 
setting io r  I)otll the SOlI1l.-IT2 :ind STY- 
GI,I< S\\'I<I:I' o11es:itilig modes. C1i;ingiiig 
resistor It126 ir0111 220 I< to :I 680 I < ,  T/2  \\., 
10% ~scsistor (Tel;troiiis p:irt iiuiiiI)er 307- 
0681-00) uiu:illy solves the ~ud>le i i i .  The  
osigiii:il v;ilue o i  ilic isesistor \\.:is clic~sen 
to conipci~s:itc i01- tile ' ' s~w' '  1c;iI;;lgc in 
the tr:msistor (2124, I ) L I ~  ie\v i f  :III>. of tile 
t ~ - : ~ ~ i s i s t ( ~ s s  ever del-clop this ~iiucli Ic:~l<:ige, 
isesultitlg i l l  ovcrconi1)ciis;itio11. 

.411 Type 2B67 Tinic-Base Ltiits, sn's 
10630 ;mtl up Ii:~ve the motliiic;ition iii- 
st;illetl :\I the i;ictory. 

if the need to repent the teit shorllcl occur 
i t  1 I t  I t  h c c  the experiment or  te5t 
li;is l,ecn perioriiietl, the oscilloscope con- 
trol settings can 11e recol-(led on the test 
set up cIi;lrt, ;I i:icsiiiiile of tlie \vnvcform 
sesultiiig from tlie lest tlr:imii on the chnrt 
jir:iticulc (or  n p1iotogr:iph of the m v c -  
foriii :lttnclied to tlie c1i:irt) ;uid pertinent 
tl:~t;i rccortletl on the clinrt. 

F o r  production testing, nn engineer gem 
er:ilIy tlevises tlie test procedure required 
to ;itlniii the desired result. H e  then tlcsig- 
~i;itcs the control settiiigs on the chnrt :uid 
tlr:i\vs ;i picture of the displ;iy on the clinrt 
gsaticulc, outlining the limits for :iccept- 
:cnce o r  rejection. The 111-otluction-test incil- 
ity takes over :it this point ;uid performs 

\\.c l;no\v o i  several inst:unces \vliere girls 
il-0111 the protlnrtion test line \vlio lintl 
little o r  I IO  experience \villi :ui oscilloscope, 
set up the oscilloscope :uid successlully 

TEKTRONIX PART 
OSCILLOSCOPE NUMBER 

Type 2 6 2  
Type 4 2 2  

Type 4 5 3  

Type 5 0 2  

Type 5 0 2 A  

Type 5 0 3  

Type 5 3 1  

Type 5 3 2  

Type 5 4 1  

Type 5 4 5 A / C A  

Type 5 4 5 A / R  
Type 5 4 5 A / Z  

Type 5 4 7 / 1 A 1  

Type 5 6 1 A / 2 A 6 0 /  

2 8 6 7  
Type 5 6 7  

Type 5 6 7 / 2 6 2  

Type 5 7 0  

Type 5 7 5  

Type 5 7 5  
( M O D 1  2 2 C )  

Ostler tllrough your 1oc;il Telctl-onis Fieltl 
Office,  Field Engineer, Fieltl Represent;r- 



tive or  D;i tr ihutor .  T l ~ e  Test Set 17p  
Cl~:irts corn, in p:ids of 100. 

TYI'E 51513 A N D  T Y P E  IIXI51.5Il OS-  
CTLTaOSCOPES - T I S I T S G  E R R O R  A T  
SLO\ \  SI: EEI' K \ T E S  

In some Type  545E :it~d Type RMS45B 
iiistrllments, a timing- error  may occur ill 
the Time Base R Generntor. The  error ,  
when it occurs, aficcts only the slo\v s\\-eep 
r:itcs. Tt is c:i~isetl 1)y sl~icltl-to-c;itlio(lc 
current l ea lage  in \-2.52, the tli~:il-triode 
12AL.3 tube tlmt serves :is the disconnect 
tliotles in t l ~ c  Time Base P, Genei-;itor. 

T o  cure the prol)leni, disconnect, :it 

ground, !he #22 lx1re wire str:ip that runs 
from pin 6 of V252 to ground :ml r e c o ~ ~ -  
ncct it to pin 7 of 1252 .  

This infor111:ition :ipplies to Type 51533 
i~~strurneiits with serial ~ i u n i l m s  I)cIo\v 2021 
:mil to Type  RX~l54.5R instrun~cnts \villi 
seri:il ~iuml,e~-s Ido \v  110. 

TYI'E 52.5 \\'.-11TFOII1f l IOSTrrO1t  - 
PROTECTTOW F O R  TTTE TTTGI-T 
\-OL7T \GI< T R - \ S S F O R b I E R  

:I 390 ! I ,  2 \\', 10% resistor (Telitroiiix 
part n ~ i ~ i i l ~ e r  306-0391-00). 1nst;ill tlie re- 
sistor bct\vcen the primary center t:ip of 
TO10 :mtl the +unreg~~lntet l  dc (360 V )  
suyq'ly. 

This iiiioriiiation :ipplies to Type 52.5 
inslr i~n~ents,  all scri:il numlx~-s.  

Sl~c~ultl you he troul~letl with high volt- 
:igc ri11plc in tile + 12.3 \; supply of ;i TJJIC 
1211.561.-\ Oscilloscope, check C612 (.A, I:), 
:i 160 pFtl s 10 pFd, E M C  c:i~~:icitor in the 
Im\\-er supply o i  the Type R11561.4. I?e 
sure t11:11 the tlvist t:ii)s on this c;ip:icitor 
11:ive :i good Ion-re.sistn~ice cont:ict \ z . i t l ~  the 
c:ip;tcitor fl;iiigc-triitr' ihtrt tlic,y t11.1. src-~ci.c,- 
iy .coidc~i-r~l to /IIP JItr~~:~r,. 

F:iilure of t l~esc [I\-ist t:il)s to ~ii:ilic :i gootl 
!(I\\.-resist;ince cont;ict \vith tlie il;inge m:iJ. 
C:LUSC tlie 'Type It?vI.36lr\ to tlevclop cx- 
ccssive liigii-frequeiicy (1-11- oscill:itor) rill- 
ple in the +12.3 supply. .-\mplitutle o i  
lhe ril~ple m i y  ~iie:isure up to 20 o r  30 inilli- 
i-olts ns :~g:iiiist one or  two niillivolts nor= 
~ii:illy. :\ct~~:il ~-ipple v;iIi~es : m I  the c i -  
ieds on the tlispla~. will vary coi~sitler:il~l~- 
:inlong iiistruiiicnts, wit11 time :\~itl v:irious 
plyg-in t ~ y e .  

p ,cc,iux ., . o i  :i tem11o1-:iry ch:~nge in :isse~ii- 

111~. procctlurc, Type RM.561 A Oscilloscopes 

8020 :Ire mol-e prone to the problem de- 
scril~etl here tl~;in other Type R34.361.4 in- 
st rumelit s. 

1Ie;isuriiig the lxisc line \\-it11 :i Type \\' 
T-Iigh-G:iin Differenti:il Co~np:~r : i to~-  Unit 
you \\-ill find t l ~ e  1):isc line \ \ - i t l i i ~ ~  O..51ii\' 
\\-it11 ;i 11ulsc riding- on it of sonic 4.5 IT :uii- 
plitutle :mil :i microsecond or  so \vide at the 
50% point. You will need to eitlier make 
this nie:isurcmeiit \\-it11 the T J ~  \\' Vnit 
o r  to reniove (2914 :is \yell :IS (292.5. This 
elirnii~:ites thc p~ilse ; I I I ~  allo\vs the Flulie 
voltnicter to give an accurate re:ding. 

plug-ills in which pin 18 of the intercon- 
~iect ins plug is open. 

This motliiic:~tion is :ipplic:iI~lc to the 
iollo\\-ing ti~iie Ixise units: 

Ostler thi-nugh your local Tclitronix 
Fieltl Oii icc,  Fieltl E n ~ i n e c r ,  Field Rep- 
I-esent:itive or  I>istrilmtor, Speciiy Teli- 
tronix P:irt S u m l ~ e r  010-0113-00. 

:I st:intl:irtl 19-i~ich rcl:iy rack. .A vcrtic:ll 
front p:incl sp:icc of 17% iiiches is rcquiretl. 

7 .  I he timliiicntion kit is applic:ihle to the 
iollo~ving Tclitronis Oscilloscopes : Type 
521:\11, -531, 532, 53.5, 541, -54.5 and 570 ; 
scri:il numlxrs 5001 :ind up. Also, to Type 
.531.4, 533, 533.-\, .5351\, 536, 54121, 513, 
.313:\, .51313, .54, .51.5.4, -545 B, -546, .517, 
57.5, 581, 58lr\, 585, -585.A :end 661, ;ill 
seri:il nunilxrs. 

Order through your loczil Telitronis 
Fieltl Oii ice,  Field Engineer, Fieltl Rep- 
resent:itive or  Distributor. Specify Teli- 
t ronis  I'nrt Xuml~er  040-0281-00. 

T Y P E  IS0 TTSIE-I\I.4RI< G E S E R 4 T O R  
SITdTCOS I IECTTFIER 

This ~nodific;itio~i kit repl:~ces the sele- 
niturn rectiiicr SR10l in the Type  180 \\-it11 
:I silicon rectifier. Silicon rectifiers o f fe r  
~iiol-e reli;il)ility ant1 longer hie.  

Tile motlific;ition kit :ilso adds a series 
resistor to compens:ite fol- tlie lo\vcr volt- 
age loss tl~rougli the new silicon rectifier. 

Ostler through your 1oc:il Tclitronis 
Fieltl Ofi ice,  Field Engineer, Field Rep- 
rescritativc or  Uistril>utor. Specify Tek- 
tronis  I'art Xumber 040-0213-00. 





Tektronix oscilloscopes a re  designed to 
accommoda~c line-voltage variations up to 
rouglily * 10% f rom design center without 
loss of sta1)ilitp o r  accuracy; ho\vever, vari- 
ation beyond these limits C: IUS~S loss of ac- 
curacy and often,  severe insta1)ility. 

T11c proi)lems reported seem to fall into 
three maill cntagories : (1)  continuously 
high or low line voltage; (2)  fluctuation 
between high and low line voltage; :md, 
(3)  serious waveform distortion, giving tlie 
effect of low line voltage. Here  arc some 
suggested solutions to these probletns: 

( I )  Many Tektronis  oscilloscopes are 
supplied \vith multi-t:lp t r :~nsfor~ners.  These 
transformers allow selection of a tap wit11 
:I voltage rat ing close to that of the av:~il- 
able power line supply. E ~ c h  selectal~le 
tap \vill operate at line volt:~ges witliin 
&lo% of i t s  design center. 

Ot l~er  Te1;tronix oscilloscopes 11:tve trans- 
formers with either 115 (117) volt o r  230 
(234) volt taps and no atltlitional taps to 
:dlo\v selection. I n  either case, it may be 
necessary to  provide soine type of exter11:11 
step-down t r m s f o r m e r  to supply the neccs- 
s;uy oper:iting voltage to the oscilloscope. 

Fig. A. Low-cost line voltage boost or drop 

circuit, using a filament transformer. Connect 

as shown for  12 V boost; reverse secondary 

connections for  12 V drop. Filament winding 

must have o minimum rating sufficient to carry 

the oscilloscope load. 

-4 variable autotransfor~ner of the "Vari- 
:LC" o r  "Powerstat" type is particularly use- 
ful in accotnmodating a \vide range of in- 
put voltages. An iuespensive fi1:unent trans- 
former may also be used :IS :un :~utotr:u?s- 
former in cases \vl~ere tlie line vo1t:lge is 
consistently Iiigh or  lo\v. The  filament 
transioriner should he procured loc;~lly ; 
they a re  not  availaljle from Tektronix. For  
an oscilloscope whose nortix~l operating 
range is 105 to 125 volts, a 12-volt f i k -  
ment tl-:lnsforrner will allow it to li:~ve an 
operating range  of from 93 to 113 volts, 
thus m:\king it comp:~til~le wit11 100 volt 
polver line systems. Recon~nected a s  shorvn 
in Figure A, the transfornxr 's  secondary 
voltage is ndtled to or  suhtl-:~ctetl from t11c 
incoming line voltage to bring it within 
range. Re sure to clieck the oscillosco~)e 
specifications :uid then select a filament 
tr:unsiormes with $1 current rating xle-  
quatc to c a r r y  the oscilloscope load. For  

er;unplc: a Type 321 Oscilloscope, dratv- 
ing 20\\ '  will require a filament trans- 
former rated to 11autlle only % amp, while 
:I Type 517 ( A )  Oscilloscope (drawing 
1250 \\') will require a filament trans- 
former rated to handle 15 amps. 

( 2 )  T h e  second probletn is a little more 
difficult. Altliougl~ slow periodic fluctua- 
tions in power-line voltage can be con- 
veniently handled with a variable auto- 
transformer, a s  above, there a re  many areas 
where wide line-voltage variations a re  so 
frequent tliat a constant-voltage-transfor~~~er 
type of regulator appears to be the only 
solution. However, fo r  proper operation 
of the oscilloscope power supplies, it is 
extremely important tliat tlie regulator does 
not cause \vaveform distortion. The  elec- 
tronically-regulated power supplies in Tek- 
tronix oscilloscopes require not so much a 
certain rms voltage on which to operate, 
as  a certain rninimutn pp (peak-to-peak) 
voltage. Many regulating transformers of 
the saturable-reactance type regulate pri- 
marily by limiting the peaks of the incom- 
ing sine waves. Either  an rlns or  average- 
reading ac voltmeter (most voltmeters a re  
of the latter type) may indicate the proper 
rms voltage for  scope operation. However, 
the actual pp voltage supplied by most of 
the cotnmon "constant-voltage" transformers 
is insufficient for  proper operation of the 
scope's power supplies. Untler these cir- 
c u n ~ t a n c e s  excessive ripple, jitter, and in- 
stability \?.ill result. A n  increase of the pp 
voltage is not a solution in this case be- 
cause this would increase the rms voltage 
also \\'bile these regulated power supplies 
a re  tlependent upon pp, tlie tube filaments 
a re  tlepentlent LIPOII r ~ n s .  T h e  power-line 
waveform must retain a sinusoidal form 
Therefore, ~t is important to use only a 
low-distortion type of regulator-one having 
less than, sa) 5% distortion a t  the highest 
expected inconung line voltage under full 
oscilloscope load conditions. Regulators of 
this t?pe :we available through commercial 
channels, thoug11 a t  some increase in cost 
over the ~notlels without waveform correc- 
tion 

The  third major problem-serious wave- 
form tlistortion-is tlie most difficult to 
overcome, since general-purpose correction 
systems a re  not alxvays inmcdintely  ail- 
able. T o  determine whether w:~veform tlis- 
tortion ~vil l  seriously affect  tlie pcrform- 
a i m  of your instru~nent ,  an adapter sucli 
a s  tliat illustrated in Figure B can be used 
with a voltmeter to ohtain pp tneasurement 
of the line wavelorm :tt moderate construc- 
tion cost A n  osc~lloscope equipped for  ac- 
curate tlif ferential volt;~ge measurements 
in the 300-350 volt ~:unge can, t l ~ r o u ~ h  the 
use of a pair of P6023 probes, be uietl to 
~ n a k e  the pp voltage measurement d~rec t ly  

from the power line. I t  is not recommended 
that a scope be used "single ended" to 
measure its own power line voltage be- 
cause of possil~le measurement errors and 
serious shock and clamage hazards. The  os- 
cilloscope polver supplies sl~ould continue 
to regulate properly down to 295 volts pp. 
If tlie pp line voltage is less than 295 
volts for  an sins reading of 105 volts, but 
the scope p o ~ e r  supplies do regulate cor- 
rectly a t  295 yp xolts, then the trouble is 
mostly in the power-line a~aveform,  and 
po~ver-supply 1% aveform ; and, po~ver-supply 
components a r e  probably in good condi- 
tion. 

Figure B. Peak-to-peak reading adapter for 

20,000 ohm/volt  V-0 -M.  The use of silicon 

diodes ond oil-filled (or Mylor ,  or paper)  

capacitors assures occurote voltoge output. 

RMS Peak-to-Peak 

105 V 297 V 
117V 331 V 
125V 354 V 

If power-line wavefortn distortion exists 
on the power lines into your building, tlie 
easiest solutioi~ may be to have the local 
pov-cr company correct the waveform for  
you. However, if it's caused hy in-plant 
equipment (any Iiig11-current, nonlinear load 
will cause some distortion), it may he nec- 
essary to apply your own ~ a v e f o r m - c o r -  
rection, using :I filter of appropriate de- 
sign and n transformer ( t o  compensate 
for  filter losscs) between the power line 
:und tlie oscilloscope. In  extreme cases 
wliere severe fluctuations :tnd transients 
a re  also involved, it may be necessary to 
employ a motor-generator set to obtain a 
steady, sinusoid:~l waveform. A s  before, 
l ~ e  sure that the current rating of the fil- 
ter o r   noto or-generator is adequate for  os- 
cilloscope operation. 

Incidentxlly, it should be mentioned that 
a step-up transfortner alone sl~ould not be 
used wlierc \vxvefortn distortion is the pri- 
n n r y  cause of power-supply regulation 
proI>Ie~ns. If the pp voltage of a seriously 
flattened po\ver-line wavef ortn is increased 
suificiently to obtain good po\ver-supply 
regulation, the unrcgulatcd filament lines 
in the oscilloscope will rise to excessive 
levels, causing premature tube failures from 
increased dissipation, gas, leakage, and fila- 
ment I>ul-n-outs. 
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USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 

NUMBER 3 6  FEBRUARY 1966 PRINTED IN U.5.A 

(Unipolar Transistors) 

by Nelson Hibbs, Instructor 

Tektronix Product Manufacturing Training Departmenf 

At lasf  w e  have eulzat a ~ ~ l o z t ~ ~ t s  t o  a 
backward vacztu~il tube-a p-clza~zlrcl 
F E T .  In tlzis device, electron cztrregzt 
goes f r o m  draitz (plate)  t o  sozr~cc 
(cathode).  

The Field Effect  Transistor ( F E T )  is ;L 

compar;itively new device whose operation 
differs radically from the more familiar 
n-p-n and p-n-p types of transistors. The  

F E T  is a single-junction wbjori ty-cczrr ir~ 
tlevice while the n-p-n and 1)-n-p transistors 
a re  double-junction ~ili~~oriiy-carrier devices. 

F E T  manufacturers have settled on a 
new series of names for  the three basic 
leads of this device; so, once again we en- 
counter a cl~ange in terminology. Figure 1 
compares an F E T ,  a convention;d transistor 
and the familiar vacuum-tube triode to s h o ~ v  
this change in basic-lead terminology. 

8 "ITTER 

CATHODE 

F E T  TRANSISTOR TRIODE 

Figure 1. Comparison of basic lead terminology of FET's, transistors, and vacuum tubes. 

I N-CHANNEL I 
F E T  

-CHANNEL 
FET 

Figure 2. Comparison of an n-channel FET and a p-channel FET. 

VD v D "D 

Figure 3. Illustration of how the voltage applied as back-bias can control the flow of current in 
an n-channel FET. 

As with conventional tr;insistors, which 
are represented by two types of devices 
(n-1)-n and p-n-p), tlie FET is also repre- 
sented by two types of tlcvices. These a r e  
designated tlie n-channel and the p-channel 
types of devices (see Figure 2) .  

T h e  electron in "n" rnaterial has a faster 
mobility th:m the hole in "p" material. 
Thus,  the n-p-n transistor has :i faster 
~iiol)ility t11:~n the p-11-p transistor and conse- 
quently a higher f requency response. A 
similar condition exists with the new FET's .  
The  11-channel F E T  promises a greater fre- 
quency response than the p-channel device. 
This  does not mean that the p-channel device 
is not being tnanufactured. 

T h e  F E T  is a single-junction tlevice made 
up with the Source-to-Drain material ( the 
majority-carrier path) doped in either the 
"n" or  the "p" direction and with the Gate 
material doped in tlie opposite direction. By 
applying voltage so  a s  to oppose the major- 
ity carriers in the channel ( a  negative volt- 
age applied to the gate opposes electron flow 
in n-channel material-a positive voltage 
opposes hole flow in p-channel material) the 
device is back biased. Under these condi- 
tions, the n-channel o r  p-c1i;unnel material 
becon~es a constrictive layer of dielectric 
material past \\.Iiich majority carriers must 
flow :~nd  can thus be controlled. See Figure 
3. 

For  a given vollage setting between the 
gate :md the source (bias, if you will), the 
F E T  rapidly reaches a point of saturation 
in the source-to-drain majority-carrier path. 
This  region of the curve gives the F E T  an 
effective R,, approaching infinity. This  is 
\vliere an increase in drain voltage (VD) 
docs not result in an increase in drain cur- 
rent ( I D ) .  This  area of the curve is spoken 



Figure 4. A chart of VD vs ID curves of on 
FET showing the pinch off region and Ohmic 
region at different values of bias voltage. 

VD (VOLTS) 

Figure 5. A chart of the VI, vs In curves of 
another FET showing Zener-knee breakdown of 
Gate-to-Drain back-biased diode. An exten- 
sion of the curves shown in Figure 4 would 
reveal a similar tendency of this FET to ava- 
lanche at some certain VD voltage. 

of as the "Pinch-Off Region". See Figure 
4. The area to  the side of this (where :ln 
increase in VD results in an incl-e:w in 
ID-close to the graph a s i s )  is termed the 
"Ohmic Region". 

A study of the VD vs ID curves (see 
Figure 5 )  shows that with a given load 
line, the resultant t ransfer  curve is non- 
linear. This non-linearity is relative to tlie 
deviation in the resistance represented in the 
majority-carrier path a s  controlled 11) the 
biasing voltage. T h e  best "g,,," occurs under 
zero bias conditions and the forward voltage 
at  which saturation of this path occurs is 
called V, (pinch-of f voltage). V, is counted 
as a characteristic of the individual device. 
Thus,  in order to  find tlie active g,,, a t  a 
bias different than zero, w e  must multiply 
the zero-bias g,,, by the factor one minus 
the ratio of gate voltage-to-pinch-ofi volt- 
age raised to the two-thirds power. 

THE FET TRA 

Figure 6. Comparison of an FET and a Unijunction transistor. 

Operational g, ,  = g,,, (a t  zero bias) 
r 3 

Now, with a truly representative g,,, avail- 
able, one can closely predict the voltage 
gain of the tlevice in a circuit by using the 
l'entotle A,  formula : 

.A, = operational g,,, x RI,. 

Noting that the input to the device is a 
bacli-biased diode, one can see that it offers  
a high input impedance and that this haclc- 
hinsed junction will show a capacitative 
effect from gate-to-source and from source- 
to-drain. T h e  latter also gives a miller 
effect. Note also, that the input-impedance 
\\.ill decrease with increasing frequencies :it 

which the product becomes compa- 
'"fCcs 

sable to tlie input resistance. Also, the gain- 
band\\itltli product will be approximatel) : 

Gain Bandwidth 

Again, s i~ni la r  to the vacuum tuhe pentode 
This dictates the usual coinpromise bet wee^^ 
gain md 11:~ndwidth when using this tlevice. 

Tlie F E T  shoultl not lx confusetl with [lie 
Vnijuiiction Transistor. Tlie tlieory of oper- 
ation is totally different, ;dtIiough :\t first 
glance, tlie unijunction trat~sistor  loolis ;\I- 
most like an 11-c1i:mncl F E T .  See Figure 6 
for  a comparison. 

T h e  unijunction transistor operates ns a 
current-driven tlevice with a forword-hic~scri 
junction of 1)-to-n m:~terial injecting holes 

Figure 7. Variation of Source-to-Gate and 
Drain-to-Gate capacitance with voltage. 

into the n material between the emitter and 
base # 1 thus reducing the ohmic resistance 
of the contact. T h e  FET operates with a 
voltage-driven gate and the resultant back- 
biased junction with the field restricting the 
majority-carrier flow through the body of 
the device. Tlie F E T ,  like a vacuum tube, 
is a nortnally "ON" device and n ~ u s t  be 
turned " O F F .  Conversely, the unijunction 
transistor is :I normally " O F F  device (as a 
result of the ohmic contacts) and must be 
turned "ON" by the signal a t  the emitter- 
two totally different theories of operation. 

T o  summarize the properties and charae- 
teristics of tlie F E T :  

A. Input Impedance : 

1. T h e  F E T  is a high-input impedance 
device, the input terminal is essen- 
tially looking into a reverse-biased 
junction. 

2. Tlle FET has input capacitance that 
varies inversely with VW (bias) 
See Figure 7. 

B. Mode of operation 

1. T h e  F E T  is a voltage-co~itrolled 
tlevice just a s  a vacuum tube pentode. 

2. T h e  F E T  has a very, very high R,, 
(R,,) cli:~racteristic similar to a 
\ - : ~ u u m  tube pentode. 

3. T h e  F E T  has a consistently non- 
linear g,,, characteristic. 

C. Output 111ipctlance : 

1. Tlie F E T  is a high-output imped:mce 
tlevice (current source). However, 
cl~fferent means of manufacturing 

Figure 8.  Plot showing leakage current from 
Source - to - Gate (Isco) and Drain - to - Gate 
( I D G O )  against temperature under zero bias 
conditions. 



may result in relatively low ratings 
of th is  characteristic in comparison 
with the  vacuum tube pentode. 

Another noteworthy characteristic of 
FET's is the i r  built-in protection against 
thermal run away. Because the input is a 
back- biased diode, the thermal - sensitive 
backward current (leakage current) flo\vs 
from both the  source-to-gate ( 1 s ~ )  and 
drain-to-gate (Inco). Plotting this linear 
current against  temperature under zero bias 
conditions of the other element gives two 
straight line projections as shown in Figure 
8. 

This increase in leakage current in the 
gate junction has a resistive effect on the 
majority-carrier path resulting in a lower 
saturation current for a given bias voltage. 
For a graph of this action under zero bias 
conditions, and with the forward voltage 
froni the dra in  to the source set at 50 volts, 
see Figure 9 ( a ) .  A cross graph of g,,, and 
output resistance plotted against temperature 

tection against thermal run away. This 
statement is not wholly true in the case of 
MOS (hfetal-Oxide-Insulatetf) FET's.  

The MOS FET's separate the gate and 
channel with a layer of intrinsic material. 
As temperature increases on this device, the 
channel apparently increases also as it starts 
to include some of the insulating layer into 
the main channel. The MOS F E T  reacts 
more to changes in temperature than the 
regular FET's even though they do a\va> 
with leakage currents in the gate circuit. 

\Vith standard FET's,  leakage currents in 
the gate lead have been reduced to the 
neighborhood of 0.001 to 0.0001 niA and 
this can be tolerated where instability of 11, 
with temperature change cannot. 

Characteristic curves of FET ' s  can be 
displayed on a Type 575 Transistor-Curve 
Tracer. The E M I T T E R - G R O U N D  
(SOURCE-GROUND) mode is used with 
the POLARITY control of the Collector 

Sweep set to N P N  (for 11-channel FET's)  
or P N P  ( for  p-cha~~nel FET's) .  The 
POLARITY control of the Base Step 
Generator should be set to M I N U S  for n- 
channel and P L U S  for p-channel FET's.  

FET's  that require more than 2.4 volts to 
drive them to cut off-and the great major- 
ity are in this categorjr-will require that a 
1 I&, 1% resistor be connected between 
the BASE (GATE)  and E M I T T E R  
(SOURCE)  binding posts on the test panel 
of the Type 575. This, in order to convert 
the BASE current, as indicated by the 
STEP SELECTOR switch in MA, to Gate 
Vcs voltage in volts. Thus, 1 mA per 
step into 1 k a  gives 1 volt/step and twelve 
steps at  1 tnA per step can give up to 12 
volts-ample in most instances to drive any 
F E T  to cut off .  

The four waveforms represented in Fig- 
ures 10, 11, 12, and 13 were obtained in this 
manner. The F E T  used in these tests was 
an Amelco U-1346 field effect transistor. 

is shown in Figure 9 (b ) .  The conlbination 

tal)  = 2 V/cm, ID (vertical) = 1 mA/cm. Figure 1 1 .  Drain current vs Gate Source Volt- 
age ( ID vs Vcs with VDS constant). Vcs (hor- 
izontal) = 0.5 V/cm, l ~ s s  (vertical) = 1 mA/ 
cm. 

Figure 9. ( a )  Graph of saturation current 
under zero bias conditions and with the forward 
voltage from Drain-to-Source set at 5 0  volts. 
(b)  Cross graph of g, and output resistance 
plotted ogainst temperature. 

of these t w o  reactions to temperature is 
Such that a s  temperature goes up, g,e goes 
down and R, (counterpart of R, in vacuum 
tubes) goes up. In  other words, as the gate 
starts to lose control of the drain current, a 
greater portion of the actual drain current (horizontal) = 0.5 vlcm, lnss (vertical) = 
will be passed on to the load resistor thus 2 mA/cm. Center vertical graticule line is zero 
tending to lllaintaill the s;lme of bias. .Negative bias to left, positive bias to Figure 13. Drain curves showing avalanche 

voltage at  the  output. This is what we mean right of center line. Crowding of markers on (breakover ot the Gote-to-Collector Zener 
right hand side is due to gate drawing cur- Knee).  Vcs (horizontal) = 5 V/cm, l ~ s s  (ver- 

when we s a y  that FET's  have built-in pro- tical) = 0.5 rnA/cm. 



T e n  films produced by Tektronix, Inc. 
have  been certified as education films by 
the U . S .  Information Service. These films 
a r e  available on free loan a s  an aid to 
companies engaged in educational o r  train- 
ing programs for  their employees; or ,  if 
preferred,  the films may be purchased. 

Interested persons should contact their 
local Tektronix Field Office, Field Engi- 
neer, Field Representative or  Distributor. 

Listed below a r e  the film titles, along 
with a brief review of the f i lm: 

" T h e  Oscilloscope Draws  a Graph" . . . 
A 20-minute color film in sound. T h e  film 
explains that the oscilloscope display is 
usually in the form of a graph, and dc- 
scribes how to read o r  interpret the dis- 
play. 

" T h e  Cathode-Ray Tube, Window to 
Electronics" . . . A 35-minute color film 
in sound with animated seouences. This  
film explains in simple terms how a cathode 
ray  tube worlis. I t  depicts the heart of the 
oscilloscope, the cathode ray tube, a s  it is 
used in radar, sonar and manv other elec- 
t ronic systems, including computers. T h e  
film also sliows the step-by-step manufac- 
tu r ing  proceqs of cathode ray tubes at  Teli- 
t ronix,  from the forming of metal "gun" 
parts  t o  the final testing of completed tubes. 

"The  Square \\lave" . . . A 25-minute 
black and wliite sound filni. Discusses tlie 
theory of square waves, employed in com- 
puters  and many other electronic devices; 
usually, in the form of coded information. 
Anin~a!etl drawings show how sine waves 

I n  the October, 1965 issue of Service 
Scope t ~ v o  typographical errors  involving 
part numbers, slipped by your editor. Both 
e r rors  occurrcd in the article "Type M 
Four-Trace Plug-In Unit-Channels A, R, 
C, and D :  Crosstalk". T h e  part number 
listed as 283-0050-00 should have read 213- 
000.3-00; ;end tlie part number listed as 210- 
0001-00 sliould have read 210-0201-00. 

contained in square waves a r e  harmonically 
related. T h e  film demonstrates the basic 
use of the square wave generator and oscil- 
loscope antl resulting information obtained 
f r o m  distortions. I t  discusses risetime antl 
its importance in testing nlodern high speed 
electronic equipment. Suitable for  audi- 
ences with at  least a basic knowledge of 
electrical theory. 

"Transmission Lines" . . . A 23-minute 
blaclc and white sound filni. Discusses the 
iuntlamentals of transmission lines. Ani- 
mated drawings illustrate how electrical 
energy is transmitted along a line. A n  
oscilloscope shows how reflections can oc- 
cur in a line. Characteristic impedance, the 
importance of proper terminations, line 
losses, time delay, and velocity factor a re  
also discussed. 

"Timc and Quantity" . . . A 27-minute 
blaclc antl white filni in sound. Discusses 
the measurement of time and quantity from 
billions of years to billionths of a second. 
Slio\vs the importance of the oscilloscope 
as the basic means of making accurate 
measurcnients of very small segments of 
time. 

"The Oscilloscope, \\/hat I t  Is-\\'hat I t  
Does" . . . A nine-minute color sound film. 
Presents a non-teclu~ical explanation of tlie 
oscilloscope antl its uses. Stresses tlie im- 
portance of the instrument a s  a measuring 
tool in electronic ;ind other fields. Oscillo- 
scopes measure physical data in relation 
to sm;dl :umounts of time. They  ;me used 
in research, engineering, and education, and 
in production testing and maintenance of 

electronic computer and comn~unication 
systems. 

"Thevenin's Theorem" . . . A 12-minute 
hlack antl white sound film. Presents a 
simplified approach to solving a n  electronic 
circuit which would otherwise involve com- 
plex mathematics. 

"Solving the Unbalanced Bridge . . . A 
17-minute black and white sound film. 
Normally a solution to a n  unbalanced bridge 
problem requires considerable matlieinatics 
involving three simultaneous equations. This  
lecture film shows and explains how simply 
this can be acco~nplished using Thevenin's 
Tlieorp and Ohm's law. 

"Triode Plate Characteristics . . . A 
16-minute black and white sound filtn. Dis- 
cusses plate characteristics of a typical tri- 
ode (6DJ8) showing how the three basic 
tube characteristics, amplification factor, 
plate resistance, antl transconductance, may 
be determined from a set of plate curves. 
I t  also plots a load line and shows how to 
determine the gain of a simple aniplifier 
from these curves. In  addition a continu- 
ous display of the curves of a tube under 
actual operating conditions is shown on the 
Type 570 Characteristic Curve Tracer, a 
special-purpose Tektronix oscilloscope. 

"Ceramics and Electronics" . . . A 22- 
minute color filni with sound. Shows the 
importance of ceramic elements in the 
electronic intlustries antl stresses the appli- 
cation of ceramic insulating strips and otlier 
ceramic parts in oscilloscopes. I t  also shows 
the complete manufacturing process, in- 
cluding mixing of clays, firing, and glaz- 
ing, at  Tektronix. 

"Current Measurements a t  Nanosecond measurements at  n;tnosecond speeds 
Speeds" is the title of an article written 
by a Telitronix engineer and published in Author of the article is Murlan R. Kauf-  
the octoher, 1065 issue of ELECTRONIC man, Design Engineer with the Digital 
DESIGN NE\VS, ~ 1 , ~  ( ~ i ~ ~ ~ ~ ~ ~ ~  the Instrument group a t  Tektronix,  Inc. Re- 

problems encountered when attelllptillg to prints of the article a re  available. Con- 
measure nanosecond and sub-nanosecond tact your local Tektronix Field Office, 
current pulses. I t  describes the use of  a Field Engineer, Field Representative o r  
current transformer f o r  accurate current Ilistributor. 



CRT M E S H  F I L T E R  A N D  R F I  D U S T  C O V E R S  F O R  O S C I L L O -  T E S T  P O I N T S  F O R  B P L U S  

Tektronix engineers have come up with 
a new C R T  light filter and R F I  shield 
that is unique. This new C R T  Mesh Light 
Filter and R F I  Shield is a metal screen 
of sub-visible mesh with the surface treated 
for extremely low reflectance. T h e  screen 
is tautly mounted on a metal frame. This  
unique filter-shield is a direct replacement 
for the ex is t ing  graticule cover on most 
Tektronix oscilloscopes. T w o  exceptions 
are the T y p e  422 and Type 453 Portable 
Oscilloscopes. The filter-shield for  these 
instruments snaps into the C R T  opening 
on the f r o n t  panel. 

The purpose of this new mesh filter-shield 
is to enhance visual C R T  trace-to-bacli- 
ground contrast  and attenuate R F I  radi- 
ated from t h e  C R T  faceplate. I t  accom- 
plishes these purposes very well intleed. 
The curtailment of external atnhient ligllt 
reflections is  highly efficient. Trace-to- 
b:tcl<grou~~d contrast is enhanced to a point 
where it provides :in ability to view low- 
intensity tt-aces in normal room light, o r  
even in 1)righter-light environnients. The  
metal mesh is  grounded to the metal fr:lme. 
Thus, w l ~ e n  the filter-sl~ield is in place on 
the oscillo~copc, a ground path from tnesh- 
to-il-;lme-to-osc~llosco~)e effectively carslei 
a large part of the CRT-emitted R F I  spec- 
trum to chassis  ground Actual quantita- 
tive filtering depends upon the character- 
istics of t h e  radiation :und this varies Iw- 
tween instrument types. 

Following 1s a list of instrunwnt types 
and the p a r t  numl~er of the C R T  Mesh 
Light Filter and I IFI  Shield tliey use:  

TYPE PART NUMBER 

502, 502A,  503, 504,  
515, 515A,  516, 

517A, 524AD,  661; 
530, 540 ,  550,  and 

580  Series 378-0572-00 

506, 5 6 0  Series, 527, 

RM529, 6 4 7  378-0574-00 

T h e  C R T  Mesh Light  Filter and R F 1  
Shields may be ordered tlirougli your local 
Tektronix Field Office, Field Engineer, 
Field Representative o r  Distributor. 

S C O P E S  

Figure 2. Short pieces of bare wire installed 
os B-plus test points in the ceramic strips of 
o Type 5458 Oscilloscope. 

I,. I?. Risllel, with the Otis Air  Force 

Figure 1. New dust cover for Tektronix oscil- 
loscopes shown on a Type 545B Oscilloscope. 

In response to nuniesous customer re- 
quests, me have designed and now 11:ive in 
stock (lust covers for  some Tektronix oscil- 
loscopes. See Figure 1. The  covers a re  
made of hlue vinyl material with a taffeta 
gminetl matte finish. There  a r e  black gin111 
se:uns :u-ountl the bottom, front  antl back. A 
c1e:tr vinyl front allows easy itlentific;~tion 
of the oscilloscope ant1 access holes in the 
top pertnit the oscilloscope to be moved 
\z.ith the cover in glace. The  Telitronis 
"11ug" (tr:demarIi) and the word Telitronis 
a r c  silk screened on  the sides. 

Covcrs a re  :~v;~ilable for  the f o l l o w i ~ ~ g  
instruments : 

TYPE PART NUMBER 

6 4 7  and 560  Series 01 6-0067-00 
(except 565  and 5 6 7 )  

500  Series 01 6-0068-00 

565  and 5 6 7  01 6-0069-00 

502 and 502A 01 6-0070-00 

453 01  6-0074-00 

422 01  6-0075-00 

(with AC/DC bat. pok.) 

422 01 6-0076-00 

(with AC pwr. sup. 

only) 

Covers may be ordered through your 
local Tektronix Field Office, Field Eli- 
gineer, Field Representative o r  Distributor. 

Base in M:~ssacllusetts, has submitted to 
the Air  Force :tnd to Service Scope, a 
"do-it-yourself" modification that you may 
want to  adopt. 

The  suggestion involves installing short 
pieces of Inre  wire in the ccran~ic-strip 
slots in Tcl<tronix instrutnents a t  the R 
plus test points. These wires provide quick 
ant1 e:tsy :ttt;tcl~ing points for  :I voltage- 
~ne:tsuring proljc tip and a re  safe even \vhen 
using the ;~llig:itor clips often employed 
~ v i t h  :I volt~neter. 

\\'e tried the modification on :L Type 
.%lA OsciIIoscope (See  Figure 2 ) .  In-  
st;tllation can he accomplished in :t matter 
of ~ninutes :ind of fe rs  no adverse effects 
on the scope's operation. T h e  wire pieces 
need not extend more than %" above the 
ceramic strip. Installed thus, tliey provide 
:un ample length for  the voltage-probe tip 
to gs:tsp, yet a r e  not so long a s  to  of fe r  
:I l~intlrance in the normal maintenance 
antl calibration of the oscilloscope. 

\\'it11 the empl~asis toward ever more 
compact instruments, and the close spacing 
of components that results, we  recognize 
the need for  easily accessible test points. 
Some of our latest instruments have just 
such test points designed into them. \Ve 
expect this trend to  continue in future 

T Y P E  529 \ \ rAVEFORM M O N I T O R -  
H I G H  F R E Q U E N C Y  R E S P O N S E  

Some Type 529 Waveform Monitors will 
show a H F  (high frequency) response that 
d i f fe rs  tvhen using the tiionitor push-pull, 
f rom that shown when using it single-ended. 
A capacitance utlbalance between the "A" 



and "B" inputs most generally causes this 
unbalance. The unbalance results in a H F  
roll o f f  of approximately 1.3 dB at  4 M H z .  
Th i s  effect becomes particularly noticeable 
when using the Type 529 in a balanced mode 
of operation, with the output terminated 
with a 110 or 120-ohm resistor-a practice 
employed by many telephone companies. 

T h e  following three-step procedure will 
correct the unbalance between input "A" 
and input "B" by balancing the emitter-to- 
ground capacitance of Q114 (input "A") 
and Q214 (input "B"). 

S t ep  1. From the underside of the Verti- 
cal Amplifier and DC Restorer chassis 
locate R119, a 100-olrnr potentiometer that 
serves as the X5 Mag Gain adjustment. 
Fro111 R119 a bare strap runs to a 2.26 I<, 
% MI, 1% precision resistor in slot 11 of 
the  adjacent ceramic strip. There is also 
a red and white wire running to another 
2.26k, % W ,  1%, precision resistor in 
slot 9 of this same ceramic strip. Reverse 
these two leads at  the ceramic strip. This 
should put the red and white wire at slot 
11 and the bare strap at  slot 9. 
Step 2. Remove C133, a 2.8 pF, ceramic 
capacitor, located on the upper side of the 
R E S P O N S E  switch. Re-inst;dl it on the 
VERTICAL MAG switch between the 

wiper on the last wafer of the switch antl 
ground. Use the switch frame for ground. 
Step 3. Adjust C133 for best comn~o~r- 
mode rejection. You may need to readjust 
C269 for H F  compensation. 

E X T E R N A L  GRATICULES-RECOM- 
M E N D E D  CLEANING M E T H O D  

W e  recotnmend the use of a mild soap, 
warm water (not hot) and gentle rubbing 
with a soft  clot11 for cleaning our external 
graticules. 

W e  have employed several methods in- 
cluding silk screening, and (only quite 
recently) hot stamping, to imprint the reti- 
cules on external graticules. Accurately 
ruled reticules composed of sharply defined, 
consistently thin lines aid greatly in accu- 
rately interpreting or measuring the oscillo- 
scope display. From this standpoint, there 
is little to choose between the silk screening 
and hot stamping methods. From the stand- 
point of visibility however, the hot stamped 
reticule offers a 10-to-1 advantage over 
reticules imprinted by other methods. 

However, both the paint used in silk 
screening and the ink used in hot stamping 
the reticules are soluble in Anstac and other 
solvents. The ir  use as  n cleaming ngent twill 
re inom the ueticttle f rom the gmticzcle! To 

be on the safe side, clean all graticules with 
a nrild soap and warm water applied witlr a 
soft cloth and light rubbing action. 

P6015 HIGH-VOLTAGE P R O B E  - RE- 
P L A C E M E N T  O F  DIELECTRIC 

Only fluorocarbon 114 should be used 
when replacing tlre dielectric in a P6015 
High-Voltage Probe. This gas is sold un- 
der several trade names all of which include 
the number 114. This number identifies 
the gas with the proper clraracteristics for 
use in the P6015 Probe. W e  supply a stnall 
can of fluorocarbon 114 with each P6015 
Probe and stock additional cans for our 
customers' convenience. Tektronix Part  
Nrnnber is 252-0120-00. 

The use of fluorocarbons other than 114 
can involve a hazard. Some fluorocarbons 
are contained under a pressure IIILICII higher 
than that required by fluorocarbon 114. 
These higher-pressure fluorocarbons can be 
dangerous during the disassembly of a 
P6015 Probe. By escaping more violently 
than expected, they could damage person- 
nel and equipment. 

From tlie standpoint of toxicity, fluoro- 
carbons offer no problem; they are not 
dangerously toxic. 

T Y P E  526 VECTORSCOPE - Q U I E T  
F A N  MOTOR 

This modification installs a lower rpnr 
fan  motor assembly for a reduction of the 
audible noise experienced from the original 
fan  motor assembly. Tlre new assembly 
is a direct replacement except for the a d d -  
tion of a motor capacitor which requires 
the drilling of two 5/32" holes in the rear 
panel of the Type 526. This ~nodification 
is applicable to Type 526 Vectorscopes, 
sn's 101-909. 

Order from your local Tektronix Fieltl 
Office, Field Engineer, Fieltl Representa- 
tive, or Distributor. Specify Tektronix 
Pa r t  Number 04-0412-00. 

T Y P E  RM16 OSCILLOSCOPE - SILI -  
C O N  R E C T I F I E R S  

This modification replaces the selenium 
rectifiers wit11 silicon rectifiers which offer 
greater reliability and longer life. I t  is ap- 
plicable to Type RM16 Oscilloscopes, sn's 
101-363. Order through your local Tek- 
tronix Field Office, Fieltl Engineer, Fieltl 
Representative, o r  Distributor. Specify Teli- 
tronix Par t  Number 010-0216-00. 

T Y P E  262 PROGRAMMER - AUTO- 
MATIC SEQUENCER 

This modification supplies an Automatic 
Sequencer for the Type 262 that will scan 

up to eight programs. The Sequencer con- 
sists of two etched circuits ( a  synchronizer 
circuit antl a counter circuit) each mounted 
in its own plug-in circuit card. Installation 
is simple because the Type 262 Programmer 
\\.as designed with the automatic sequencer 
feature in mind and provisions n~atle for its 
addition later. T o  install the modification, 
you need only to plug the circuit c:~rds into 
their respective plug-in receptacles in the 
Type 262. 

Front panel switches, in conjunction with 
the Autonratic Sequencer, allow for inter- 
rupting tlie automatic sequence in accord- 
ance with pre-established upper antl lower 
limiis. Any combination of upper, middle 
or lower liniits may be used. 

Tlre Automatic Sequencer can be syn- 
chronized with data recording devices such 
as printers or card punchers or with vari- 
ous test fixtures. 

Both nranual push button antl external 
control are retained witlr the Automatic 
Sequencer insta"ctl. 

A maximum of three Type 262 Pro- 
grammers in series will handle a total of 
24 dif fercnt measurement programs. With 
an Automatic Sequencer Modification Kit 
installed in each progranrn~er the entire 
24 n~easurement programs can be auto- 
matically scanned. The measurement rate 
can be synchronized with a~lxilinry equip- 
ment or determined by the Type 567 antl 
Type 262. 

In  tlie synclrronized mode of operation, 
the sum of the Type 6R1 display time and 
the Type 262 display time determines the 
measurement rate-up to eight measure- 
ments per second can be madc in this mode. 

In the triggered mode of operation, upon 
completion of a measurement tlie display 
is held until an external completion pulse 
is received. Up  to six measurements per 
second can be made in this mode. 

Order through your local Tektronix Field 
Office, Fieltl Engineer, Field Representa- 
tive or Distributor. Specify Tektronix Par t  
Number 010-0331-00. 

T Y P E  180 T I M E  MARK GENERATOR 
A N D  T Y P E  536 OSCILLOSCOPE - 
SILICON R E C T I F I E R S  

Two Field Modification Kits, one for 
each of the above instruments, replace 
sileniutn rectifiers with silicon rectifiers. 
The silicon rectifiers offer greater stability 
and longer life. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify, for :  

TYPE PART NUMBER 

180A 040-021 4-00 

536 040-021 5-00 



Generally, in learning a fo re ign  language,  
one is e x p o s e d  pr imari ly  t o  t he  for lnal  

mode of t h a t  language. H e  will  probably 
become q u i t e  adept a t  reading,  speaking 
and w r i t i n g  t h e  language in  th is  f o r m .  H o w -  
ever, w h e n  h e  encounters t h e  l anguage  in i t s  

informal m o d e ,  t he  colloquialisms, s l ang  e x -  

AB, n. or a , ,  Carbon composition resistor (from 
AB, t rademark of Allen-Bradley Co.). 

B.A., n. o r  a , ,  Blanking Amplifier. 

Bloom v.i. T o  increase in size. The CRT dis- 
pliy wi'll bloom when high voltage supplies 
go out of regulation reducing high voltage 
and increasing defle&tion sensitivity. 

B.O., n. o r  a , ,  Blocking Oscillator. 

Bounce n .  Scattering of electrons that strike 
defiecti'on structures in the CRT, producing 
flare (q.v.). 

BlOy;by, n., Capacitive coupling through an 
off" d iode gate. 

Breathe, v.i., t o  vary slightly in level a t  a very 
slow rhythmic rate. 

Bump n. a short duration small-amplitude 
a6erra'tion in transient reiponse, somewhat 
wider ( in  time domain) than a wrinkle or 
glitch (q.v.). 
Ant icbat ion Bumo. see Dreshmt 
Termination B U G ,  abekration--due to a 
slight mismatch in a reverse- (source-) ter- 
minated delay line, appearing in time rela- 
tively long after the leading edge of a step 
function. 

Cap, n. o r  a . ,  Capacrtor. 

C.F., n. o r  a. ,  Cathode-Follower 

Cathode Interface. n a tuhp defec t  9 n C r i f  

and the emissive 
CRT). result- 

ing in a n  effective RC network in series 
with (Dart OR the cathode. Electrical e f f r r t  
is normal gain at very high freq"e-ncie;-.bG 
lower g a i n  a t  low frequencies. Time 'con- 
stants a r e  in the ns-4s area, and are con- 
siderably affected by cathode temperature. 

Cream, v.t., T o  ruin or destroy absolutely (by 
extension from pulverize). 

Crunch, v.i., T o  saturate. 
v.t.. To dr ive  into saturation, o r  to destroy. 

D.A., n. o r  a , ,  Distributed Amplifier. 

Dag., n Conductive coating usually of carbon 
appiied t o  the inner wall; of a CRT to main: 
tain a large  equipotential area. also used to 
form a helical resistor arouhd the inner 
walls of a CRT to maintain a specific post- 
acceleration voltage gradient. From aqua- 
dag, a wa te r  suspension of carbon particles. 

D.C. Shift, n. ,  Shift of DC level following a 
step-function, over a few seconds or tenths. 
Similar t o  Dribble-up, but in a much longer 
time-domain. 

Dogbone n. o r  a.  Ceramic tubular capacitor 
with' radial leads. 

Dot, n. ,  A single sample presented on screen in 
pulse-sampling. Dot Transient Response 
transient response independence from num: 
ber of samples per display (sampling). 

TEKTRONIX TECHNICAL TERMINOLOGY 

to  the clccfro~l ic  jargotz ztscd by  Telztronix-orienfed people. 

pressions a n d  t r ade  j a rgon  will a lmost  sure- 

ly puzzle and confuse  him. V e r y  probably, 
w e  in t he  Un i t ed  S ta t e s  a r e  m o r e  prone t o  

indulge in t he  vernacular  t han  others .  
Since  Service  Scope  t ravels  t o  o u r  f r i e ~ i d s  

overseas, w e  d o  t r y  t o  present i t s  ar t ic les  in 

the  formal  niode of o u r  language.  \\'e d o  

Dribble-up, n., Disproportionately long 50-100% 
or  90-100% response in relation to 10.50% 
or 10.90% risetime usually with reference 
to the nanosecond iime domain. Essentially 
similar to "DC Shift". 

E.F., n. or a , ,  Emitter-follower. 

Eyeball v.t. Originally to avoid parallax error 
in bsci l iosco~e meisurements bv lining UD 

endeavor  not  t o  employ technical j a rgon  
:md s l ang  expressions. However ,  m a n y  of 
o u r  overseas  readers  have  expressed a n  
amused ( a n d  perhaps  confused)  in teres t  in 
these t e rms  a n d  expressions. F o r  thei r  belle- 
f i t ,  w e  present h e r e  a f e w  of these  expres-  
sion% and  thei r  interpretations. 

Kluge, n., A lashup, a hastily or awkwardly 
constmcted assembly. 

Kluge, v.i., To collapse or fail utterly, usually 
violently. 

Kluge, v.t., To shut down (permanently), smash 
or destroy. 

Miller, n.. A Miller integrator (sawtooth gen- 
erator). the reflectioli of the ounil of ti% rvrYwi th  

Mono., n., A monoaccelerator CRT. 

Flare, n., Scattering of electrons in the CRT 
resulting in hazy light areas on the screen. 
Usuallv caused bv bounce (0.v.) or secon- 
dary k i s s i o n  in ?he CRT. d i g  ~ l a ; e , - ~ i a r e  
resulting from the beam striking the walls 
of the CRT. (See Dag). 

Garbage, n. Large amplitude noise, commonly 
!pw-frequency noise, a s  contrasted with 

Grass" (broadband noise). 

Glitch, n. ,  A waveform aberration consisting of 
a step or transient pulse in some portion of 
a CRT display which would be otherwise a 
smooth curve o r  straight line. A train of 
two or three small glitches might be refer- 
red to as  a wrinkle (q.v.); a glitch of rela- 
tively long duration or smooth symmetry 
might be called a bump (q.v.). A glitch 
~mmediately (before o r  after) associated with 
the leading edge of a pulse usually carries 
its own terminology-e.g., pre-shoot, over- 
shoot, hook, etc. 

Grass, n.. Baseline noise (broadband). CF "Gar- 
bage". 

Gun, n.,  Electron gun. That portion of a CRT 
which generates and focuses the electron 
beam. The term does not usually include 
the deflection structure. Gun voltage refers,  
however, to the voltage from the CRT 
cathode to the average deflection-plate volt- 
age. 

Hook, n., A time constant (stray C or dielectric 
losses) in a compensated divider unrelated 
to the nominal component values. (From 
the effect on the display of a steD function 
passed through such a divider.) 

- 

Hooky, a , ,  Exhibiting o r  having a tendency to  
exhibit a hook (q.v.), especially of dielectric 
materials. 

Intc ?rface, n. ,  (1) The (electrical) boundary be- 
tween two pieces of related or relate-able 
equipment. The conditions a t  the interface 
(typically an output-input relationship) de- 
termine electrical compatibility. The inter- 
face conditions between plug-in and main 
frame in an oscilloscope are  usually stand- 
ardized for interchangeability. i.e. voltage 
current, and signal levels a t  'this 'point a r i  
made to fall within specified limits. In 
computer usage, interface equipment is that 
which acts as a transducer between elec- 
tronic and electromechanical parallel and 
serial, or machine and human communica- 
tions systems. 
(2) Cathode Interface (q.v.). 

Monoaccelerator, a.  o r  n., (A CRT) having a 
single accelerating field, with no further 
acceleration of the electron beam between 
the deflection structure and the screen. 

Multi, n., Multivibrator. Pronounced "Mull-tee". 

P.D.A.. n. or a.. Post-deflection accelerator 
(post deflectioi  anode),^;; a ~ C R T  -eqcipped 
with an accelerating field on the screen 
side of the deflection plates. Some manu- 
facturers call this element the "Ultor". 
PDA ratio: Ratio of the gun (cathode-to-de- 
flection-plates) to post accelerator (deflec- 
tion-plate-to-screen) voltages in a CRT. 

Post n. A post-deflection accelerator o r  a tube 
;quipped with such an  acceleratdr. "10 k v  
on the post" means a 10 kV potential ap- 
plied to this element. Distinguished from 
mono-accelerator CRT design. 

Preshoot or Prepulse, n. ,  A small negative ex- 
cursion immediately preceding (the display 
of) a positive-going pulse, o r  vice versa. 

Puff,  n. o r  a. ,  Picofarad (pF). 

Puffer n. A small capacitor the value of which 
is '  indicated in picofarahs. one-puffer. 

Schmitt, n. o r  a. ,  Schmitt (cathode-coupled) 
multivibrator ("Schmitt Trigger"). 

Slash, v.i., To produce a streak (usually verti- 
cal) instead of a dot (q.v.) on the CRT for 
each sample (sampling oscilloscopes). 

Slash n. A vertically elongated dot produced 
b) s;ot motion during unblanking in pulse- 
sampling instruments. 

Spudger, 
leads 

n.,  Fully insulated 
or components. 

for dressing 

T.D., n. or a , ,  Tunnel diode (Esaki diode). 

Tweak, v.t., To adjust (an inductor, capacitor 
or internal calibration control) very slightly. 

Tweaker, n. ,  Tool for tweaking (usually one 
which fits only certain components). 

Tweak up v.t. To bring into proper adjustment 
by tw'eakiig. 

V.A., n. o r  a., Vertical Amplifier. 

Wrinkle n. A short-duration small-amplitude 
abeiratibn in transient re<ponse; usually a 
small echo in a delay line. 





by Geof f rey A. Gass 

Teki-ronix, Inc. 

X-2313 Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 4/66 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 



O n e  o i  the tlesirnl~le and potentially Inore 
usefu l  features of a general purpose con- 
vent iond  oscilloscope is its :~l)ility to tlis- 
1'1;~y, Ilo\\-ever monlent;irily, erratic events. 
I ~ n f o r t ~ i ~ i : l t c l y ,  tlle co~lvcntional oscilloscope 
c ; i m ~ o t  nl\vays present tl,esc events in a 
co~ivenie~~tly-oI) '~erve(l  manner. T o  co11- 
veniently tlispl:ty informntion for  visud 
observ;ition, ~nensurcment, :d :tnnlysis, thc 
con\~cntion;\l oscilloscope requires events that 
r c c t ~ r  ill  it1cntic:tl form man?. times per 
second. Giveii these conditions, the tlispl;ry 
i l l  I 1 r i g  I s e : I y  r c e  Errat ic  
events  are 1101 :~ln. :~ys so :tcco~~i~notlnting 
so :IS io repeat themselves i~~tlei ini tcly ; ~ n d  
;~l lo\v the ol~scrvcr to revise or  complete 
I1is cslini:ctes. 

r\ principal ~ n ~ r p o s c  for  :I higll-speed 
s torage  system in :I genernl-purpose oscil- 
loscope, then, is to Ixing display conven- 
ience into greater agreement \\it11 t1ispl;iy 
c;tpnl,ilities, 1)reserving the unexpected vxvc- 
iol-111 for ;is long : ~ s  1n;1y he requiretl to 
note do\vn its sianiiic:mt characteristics :mtl 
dimensions-or long enough to find a cam- 
e ra ,  requisition some film, : l i d  malie a per- 
111:uient photographic record. 

F o r  the most part, the purposes of a 
storage oscilloscope can Ix served by :i con- 
vcntion:tI oscilloscope, a c;tmera, :ind film- 
lots of film. T h e  usefulness of a storage 
oscilloscope, then, is prim:u-ily one of de- 
g ree  r:ltller t lnn  one of kind ; one of con- 
venience r:ltlier than one of unique  cap;^- 

hility. Even so, anyone w l ~ o  has attempted 
t o  photo-record c:lref~~lly-prep:~re(l multiple- 
exposure of :in el:ibor:lte series of uxvc- 
forms ,  only to find that Ix'tl already used 
the Inst exposure on his roll of film, needs 
n o  reminder that even a small improvement 
in  t l x  tlegrcc of assurance that critical data 
t o  I x  recortletl 11tl.r been recortlctl can I,e of 
consitleral)le value. 

Tn the notes I~elo\v, \vc h:lve or~tlinetl 
some of the \v:lys in which the storage 
ic:iturc c:in he put to I\-orli in ol~tnining 
more  u s e i d  :mtl co~ivcnient oscilloscope 
displays for vic\ving or  for  simplified 1v:-nve- 
f o r m  photograpl~y. 

T h e  three primary uses f o r  storage in :I 

g c n c ~ i l - p u r p o x  ovilloscope a r c  : 

( 1 )  T o  retain \ ~ i v c f o r m s  of single events 
which cnnnot lie rcpc:ited-or ~v11icl1, if rc- 
pe:ltetl, may c11:inge significnntly ~ v i t h  each 
repeti t io~~.  

(2 )  T o  allow direct comp:1rison hy simul- 
t;meous tlisplay of events happening at  
different times, o r  of related repetitive 
events olxervetl at  various different points 
in :l system or  11y meruns of different trans- 
tlriccrs. 

(3 )  T o  retain information from very 
slow-tnoving traces-such ;IS those from 
lo\v repetition-rate sampling systeins or  
high-resolution spectrum :~n:ilyzers-until 
the entire display may Ije observetl. 

SPRCTFIC .- \PPLIC.2TIOK ARE.4S 

liecording oi r;tntlotn tr:msients is the 
nmst familiar appl ica t io~~ in this area, since 
the storage oscilloscope 111ay IK left 1111- 
:tttcntlcd for  extended periotls ~ ~ i i t i n g  to he 
triggered from ;tn intermittent o r  rmdom 
e v c ~ ~ t .  \\'ithin this category of applications 
;ire :dso tleslructivc testing or  testing- to 
w:tr yieltl-limits \vhcrc repe:itecl testing may 
change t l ~ e  cll;1racteristics of the device un- 
der  test, 2nd mc:tsurements o i  phenomen;~ 
~ v h e r c  :\ n ~ i n ~ l x r  of "tnis-fires" may IK 
expected I~cfol-c n satisfactory (c.g., ~ v o r s t -  
case) ~vaveform m:iy he obtained. Much 
testing in the meclxuiicnl and electro- 
mechanical ficltls falls into the non-repeti- 
live area. 

Using :in oper:ition:\l a~uplif  ier to dif - 
f erentiate the collector output ~vaveforim of 
:t grounded-emitter transistor driven 1)y a 
linear ramp of current provides ;un output 
voltage proportion;d to the low-frequency 
.\C I~e ta  of the tr;insistor for  a given col- 
lector load resistor. Plotting tl\i,/tlt against 
V, gives a continuous plot of beta \aria- 
tion along the given load-line f rom cutoff 
to saturation if a sufficiently large Inse- 
current ramp is avail;1hle'. Plotting tlV,/tlt 
against li, gives a direct indication of large- 
signal output linearity over the range en- 
compnssed by the current ramp. 

Cornlining this ~~icnsurement techt~iquc 
\vitl> the c;tp:diility o i  completing and pre- 
serving :\ useful display in less than a tnilli- 
sccontl on a stor;tge oscilloscope permits 
convenient t1etermin;ltion of characteristics 
:lt m;cnJ. times the t m i ~ i n a l  m:~ximum stcndy- 
st:itc collector-tlissipation rating of the 
transistor, :tiid \vithout signific:mt shifts 
i i i  I~e ta  due to large rhnnges in junction 
tetnper:\ture. 

.A simple circuit configuration p r o v i d i ~ ~ g  
:I linear I)nsc-current r :mp of up to .5mA 
pe;tli i o r  S P K  trmsistors  is shown in 
Fig. 1. F o r  Io~v-lxta or  high-po~ver tran- 

Fig. 1. Test circuit for plot t ing p vs I,, Vc for 

NPN transistor. Differentiation Vc when I is 

a linear ramp produces a voltage proportional 

to 13. Capacitor C (ZZ0.01 C) corrects for 

overshoot in differentiator. 

sistors, a polvcr ;tmplifier o r  external ramp 
source is required to obtain the necessary 
linenrity ; for  PNP types, :In inverting 
:implifier with out put voltage s\ving caps- 
1)ilities \-,!, must 11e used to  provide the 
I)ase-drive current ramp. 

Ilircct calibration of the oscilloscopc ver- 
tical :lmplifier in terms of I ~ e t a  per centi- 
meter is as follows: 

( ~ o l t s / c l l l )  (Rbb) 
,g/cm = ( R L )  ( R r C i )  (Ramp dV/dt) 

Rbb is the constant-current series resistor 
in the base drive circuit. Ramp tlV/tlt may 
be measured a t  the Vbb test point using the 
internal time-base tlisplay. RL is the COIL 
lector load resistance, and Ri :wtl Ci a re  
the differentiating components of tlie oper- 
;ttional ;implifier. A quick cllecl; of calibra- 
tion may be obtained hy removing tlie tran- 
sistor :tnd shorting together the base and 
collector terminals of the soclcet. A beta 
o l  -1 should he indicated in the display. 

Figure 2 shows beta variation of a Type 
2x1308 150 m\\- germanium transistor for  
;i 50-51 load line mcl a V,, of 20 V. P c d i  
dissipation is 2 \\i a t  1, 200 mV, 17, 10 1'. 

Using this circuit, families of curves 
for  :i given transistor may he tlisplayed on 
the stor:~gc oscilloscope for  ( a )  various 
collector load \-;dues (changing \'/cm or 
13, wit11 RL to hold the p/cm value con- 
st:mt), (11) various V,, ~ t l u e s ,  o r  ( c )  ~3 i - i -  
ous temlm-;~ture ~ l l u c s ,  using external 
heating :1nd monitoring equipment :ind trig- 
gering :I single display a s  the temperature 
passes through each desired point. This  type 
o i  app1ic;ilion properly belongs to the second 
category I)elo\\-, direct compariso~l of events 
happening :it different times. A waveform 
photograph illustrating (I,) is shown in 
:lpplication 3. 



Fig. 2 .  Plot o f  fo r  2 N 1 3 0 8  t rans~s to r  vers i r  F'o. 5 .  0osc.rvai'on of switch closure choracrer- 
V , l fo r  V - - 2 0  V, R - 5 0  !!, V 0 - -- i,ric a u r ' r g  'r.r.s!i C ~ r r e n ~  transformer 1 6 0  5 0  
1 2 0  V, R , 2 4  k. Vertical ca l ib ra t ion  (,o) 1 0 0 1  

cm: hor izontal ,  2 V/cm, 4 0  mA/cm.  Peak / j  
o f  > 6 0 0  is close to  avalanche reg ion  for  t ran-  

sistor. (Type 5 4 9  Oscilloscope, Type 0 Plug- 

I n . )  

2. Trniisforirlrr Iiirltsh Czwrei~f  mid I3f- 
fccts ou .Sz~,if chcs 

A major cause of AC power-switch fail- 
ures in transformer-po~veretl equipment is 
the so-called inrush current occurring dur- 
ing turn-on. A coml~ination of four con- 
ditions establishes tlie magnitude of peal; 
inrush current for  ;I given turn-on : ( a )  tlie 

Fig. 3. Observat ion o f  inrush current using 

high-speed storage oscil loscope w i th  d i f fe ren t io l  

input  a n d  d i f fe ren t ia l  probes. RI, PI, P2 may b e  

replaced w i th  sui table w i d e b a n d  current trans- 

hysteresis of the transformer core material, former 

(b )  the pliase angle of tlie AC po~ver  
source at  the instant of last turn-off, (c)  
the pliase angle of tlie poll e r  source a t  the 
instant of turn-on and (ti) the impedance of 
the input power loop, including tlie DC re- 
sistance of the transformer pri~ilary. In 
the worst case, inrush current amounts to 
essentially tlie peak power-line voltage 
tlivitled 1)y the DC resistance of the trans- 
f o r ~ n e r  primary circuit. 

\\'litre inrush currents alone a re  to  be 
routinely measured, test-sets employing sili- 
con controlled rectifiers and power diodes 
provide a i i x u i s  of providing ;I worst-case 
condition for  each turn-on. 

\\:here tlie frequency of usage does not 
justify specialized test equipment, o r  where 
tlie effects of inrush currents on the switch 
itself during the closure process a r e  to be 
evaluated, the storage oscilloscope (with ;I 

suitable differential input :tmplifier and 
prohe ;II-rangement) permits ohsermtion of 
hundreds of turn-ons with minimum incon- 
venience or  film waste, but with full as- 
surance that  permanent records may be 
Ixpt of any turn-on \vaveform containing 
information of value. 

Figures 3 and 4 show the test circuit fo r  
tixxsurcment of inrush current, and a typi- 

Fig. 4. Inrush current i n  nomina l  1 2 0  V, 2 4 0  W 

system (upper  t race) compared w i th  current 

waveform af ter  warmup. Vertical: 1 0  A j c m ;  

Hor izontal ,  1 0  ms/cm. (Type 5 4 9  Oscil loscope, 

Type W Preampl i f ier . )  

Figures 5 and 6 show the test circuit m t l  
typical results in measuring the potential 
drop across a switch in the process of clos- 
ing a 60-Hz t ransfor~ner  priiiinry circuit. 

The  display is ohtainecl 11y triggering the 
oscilloscope f rom the inrusli current signal. 
Good overload recovery c1i;tracteristics in 
the input amplifier a r e  essential fo r  this 
measurement, as tlie full line voltage is ini- 
pressed across tlie probes until the s\vitcli 
lias closed. 

provides t r igger for  e i ther po la r i t y  inrush. 

Switching " low"  side o f  l i ne  makes ampl i f i e r  

requirements less crit ical. 

Fig. 6. Potentiol ocross switch contacts dur ing  

inrush (upper  troce) a n d  a f te r  warmup. Ver- 

tical, 2 0 0  mV/cm; hor izontal ,  1 0  ms/cm. (Type 

5 4 9  Oscilloscope, Type W Preampl i f ier . )  

Mvlultiple-heam and multiple-trace oscillo- 
scopes a re  designed to facilitate the direct 
comparison of events happening a t  the same, 
o r  very ne;trly the same time. T h e  storage 
oscilloscope extends this capability to events 
Iiappetiing at  quite different times or  a t  test 
points that a re  not conveniently close to- 
gether. 

3. .Sprrrh Thcrnpy for the Dcuf 

.-\ microphone, a storage oscilloscope, and 
suit;lble filters e~iipli:tsizing the signific:~~it 
parts o i  \vortl ; w l  syllnhle \vaveiorms allovi 
the student to practice vowels, syllables or  
words, \vith direct visual comparison of tlie 
sul~tle  Iiarniotiic phase shifts which convey 
speech intelligence, :{gainst his instructor's 
stand:irtl \v;tveform stored on tlie screen. 
The  split stor:ige target permits continuous 
trial-and-error ol)eration on one half of the 
screen ni thout  losing tlie reference wave- 
form on the other. 



to  p o o r  room acoustics. Sweep, 3 0  msjcm. 

( T y p e  5 6 4  storage oscilloscope, Type 3 A 3  

ver t i ca l  ompl i f ier  set fo r  5 kHz bandwid th . )  

111 Figtlrc 7, waveforms representing the 
pronunciation of the ~vortls "reed" ;uid "red" 
:ire coml)arctl, using a 5-kHz bandpass filter. 
M o r e  el;ihor;ite normalizing systems 1n;iy 11e 
employed in ;ectu;il tlnet-;ipy work. 

.A record of tlie effects of ;I series of 
:itljust~nncnts or  substitutions is often of 
\-;due in circuit o r  component worli. An 
illustrxtion (Fig.  8) is tlie effect of eking- 
ing  collector supply voltage I;,, in applic;i- 
tion 1, sliolving the beta range for  ;i given 
collector load resistnnce for  four v:ilues 
of ITc:. 

Fig. 8. Comparison of  waveforms under vor i -  

a n t  operat ing conditions. Type 2 N 1 3 0 8  tran- 

sistor beta vs V , I -  as i n  Figs. 1 o n d  2, bu t  

V,- o f  20, 15,  1 0  a n d  5 V. Vertical ca l ib ro -  

l i o n  ( p ) ,  1 0 0 j c m .  

T h e  pro1)letni of retrieving t h t a  i rom os- 
cilloscope displays of s lo~v-rxtc information 
can resi~lt in loss of iiiformation either 11e- 
c;ir~se the 1)eginning o i  the slow 1r:ice is 
ioi-gotteii ~vhen  tlic tlispl;cy is finished, o r  
the display is deli1,er;itely complctetl nt :I 

f;istcr than optimum rate, resulting in loss 

Fig. 10.  Effects o f  d f / d t  o n  l i igh-resolut ion 

spectrum analysis. Dispersion o f  1 0  kHz, reso- 

lut ion 1 kHz. Sweep rates ore:  Upper trace, 

2 0  ms/cm ( 5 0  k H z / s ) ;  m idd le  trace, 2 0 0  m s j  

cm ( 5  k H z j s )  ; lower  troce, 2 s/cni ( 5 0 0  H z j s ) .  

---- Signal is second hormonic o f  5 M H z  carrier 

~ q e  o s c i i l o s c o ~ e  a n d  manual  m ~ d u i a t f d  b y  1 kHz squarewave (Type 5 4 9  

scan feoture o f  sampl ing system to ob ta in  o p -  

t imized do t  densi ty where needed. Upper trace, 

1 0  dots/cm. Lower trace, manua l  scan. Fi l l - in 

required about  1 0  seconds w i th  1 0 0  Hz sam- 

p l i n g  rate,  but  provided same d c l a i l  as > I 0 0 0  

do ts jcm requ i r ing  > 1.5 tninute sweep. (Type 

5 6 4  oscilloscope, Type 3T77 time base.)  

The upper trace of Fig.  9 illustrates :i 

case of possil~le information loss when :i 

sampling oscilloscope tlot d e ~ ~ s i t y  setting is 
insufficient to resolve ;ill the significant 
data. In  this particular case, the signal rep- 
etition rate was 100 H z ,  completing the dis- 
play s1noa.n (100 samples) in 1 second, but 
\vith ;I serious loss of i n f o r m a t i o ~ ~  in the 
le;ctling edge \vlnicli occurred "ljet\veein tlo:s", 
so to spe:ili. T h e  alternative of increasing 
tlot density to 1000 dots/cin to obtain the 
necessary resolution \voul(l have required 
over 1.5 minutes to complete the disphy. 

The  problem was solved in the lower trace 
1 ) ~  storinn the low dot-density trace, and - 
then using tlie manual scan of tlie sampling 
system to increase dot density only a t  the 
points where needed, completing thc tlisplay 
in minimula time, ant1 revealing the 70% 
overshoot which was liitltlcn in tlie first 
trace. \\'hether \vitli ~iianual scan or  in- 
1ern;illy-controlletl high dot-density, the stor- 
age oscilloscope i;icilitates retriev:il o i  higln- 
resolution w;cveform information even from 
ver) \lo\\ -repetition-rate events from sam- 
pling s y s t e m  

6. High Krsollriioi~ I1isplay.r fror~r .Spcr- 
1 ~ I O I I  A i ~ ( t l y . ~ r . ~  

T h e  rii;ixirnuini sensitivity ;wtl resolution 
o i  :I spectrum nxilyzer :we ;tchicvetl only 
winen the tlispersioti (frequency s~veep) 
tlf/tlt is m:cdc to 11e very sm:ill. F o r  ~norm:il 
vie\viiig, in order to o11t;iin ;I useful repeti- 
tive tlispla~., it's usually necessary either to 
confine the tlispersion to :i very narro\v 
\;due, o r  I<ecp the resolution low in ortler 
to maint;tin re;ison:ible sensitivity :tnd :I 

us;ible tlisplay repetition rate. 

Oscil loscope, Type L l  O A / l  L l O  Plug- in Spec- 

trum A n o l y z e r ) .  

Figure 10 illustrates the effect of tlf/dt 
sweep rate on sensitivity and resolution in 
;I representative spectrum ;inalyzer applica- 
tion. Ol~serving the second liarmonic of ;I 

:-MHz carrier modulated by :I 1-kHz 
sqrlarewaw, n s\veep of 10 k H z  in 200 ms 
with ;i ~iominal  1-kHz resolution (top trace) 
produces only ;i hint of the signal and pos- 
s i l~lc sidelxintls. Holding tlie same tlisper- 
sion :ind resolution but reducing tile s\\vxp 
rate to 200 ms/cm (5 IiI-Iz/s) begins to re- 
veal the t r r ~ e  nature o i  the signal. In the 
lmttom trace, reducing t'he sweep to 500 
I-Iz/s r)rovidcs sufficient resolution to iden- 
t i fy  the tnotlulating signal ns a square\vave. 
Time required to co~iiplete this lOliHz 
sweep \\;;is 20 s. T h e  ;idv;mt:cge of the stor- 
age tube in preserving the entire display 
l m o m e s  evident. 

.4pplic:itions nidi ing 11est use of tlie capa- 
1)ilities of :i storage oscilloscope a re  those 
involving ( a )  non-recurrent \vavcforms, 
(11) comp;irison of waveiorms of non- 
simultaneous events :und ( c )  displays requir- 
ing sever;il seconds for  completion. \\?thin 
the writing speed 1imit:itions of the instru- 
ment used, the storage feature may be 
used :is n suljstitute For, or :is an :lit1 to, 
oscilloscope plrotogrnpliy. Representative :ip- 
plicatiotns in these a m i s  a r e :  plotting trnn- 
sistor 11ct:i nl~ove noiiiin:iI povier rat ing;  
nieasurcmclit of t ransfor~iicr  inrush current 
:ind its effect on po~ver  s\vitclnes; comp:iri- 
son o i  huiiinn spcccli .iv;iveforms; ;cind im- 
p r o v i n ~  resolution of s;impling oscilloscopc 
:ind spectru~ni :\nnlyzer tlisplays. 

I'hofog~.trpl~ic A'ofc : \\'aveform plioto- 
g~-:ipIis reproduced here n w e  talcen \vitli 
Polaroid@ S o .  17 film, using an exposure 
o i  1/3 s ;it f/.5.6, except Figs. 7 wntl 9, \vlnicli 
\vere t:11<eii at  1/2 s, f/11. 

'John \-. l fc l l i l l in ,  "Simple Curve-Tracel- 
1lispl;tys Transistor Beta" I ~ l r r t r o i ~ i r s ,  Au- 
gust 24, 1962. 



This motliiic:ition provides :in esterin:il 
Iiemote-1'r:ise ie:iture io r  the Type 561 
Storage Oscilloscope. 

r. 1 he cstcrnnl connections :ire I,rouglnt out 
to :i four-coiit:ict coniiector on tlne rear o i  
the Type .561 aintl :i mating connector is in- 
clutletl to permit :~tt:icliment o i  the Remote- 
I?r:isc control. 

This  n1otliiic:ition :ipplics to Type 561 
Stor:igc Oscilloscopes, a11 serial nu~nl)crs. 
Ortler through your local Telitronis Fieltl 
Engineer o r  Field Off  ice. Speciiy Teli- 
trollis 11;irt ~ i u m l ~ e r  040-0352-01. 

Tliis modiiicntion kit contains the p:irts 
1iecess:iry to  rcp:rir several P.jl0.4 C:itliotle- 
Follower I'rol~cs. The  instructio~is :ire 
divided into sections, so t1i:it :iny intlivitlu:~l 
portio~i o i  the 1)rol)e c:111 he repniretl. 

01-tlci- tliroi~gli your 1oc:d Tclitronis Ficltl 
Oii ice,  Fieltl I k g i ~ i e e r ,  Fieltl Iiepresentn- 
tivc or  1 ) i s t r ih tor .  Speciiy Tcl;troniz p:i~-t 
niitiil~er 010-0287-01. 

*. 1 he motliiic:itio~i involves the changing o i  
1-78 tu lx  soclict to ;I 0-piti type :mtl :idding 
:I CliT C:.-\TT-IOIIE S E L E C T O R  s\vitcli to 
tlic rear  11:mcl. .Also, \7S ,  a 6 A V 6  v:icuutii 

tube, opcl-citing :IS :I Mult i-Tr:m Unit 's 
S!xc .Implificr in the oscilloscope, is 
c1i:ingetl to ;i 6U18. One 11:ilf of the 61318 
is used as the Sync Amplifier :ind tlie other 
11:ili is used to generate the I~l:inl<i~ig volt- 
&KC. 

7 .  

llnis iniorm:itioii :ipplies to Type  531, 
, . I y ~ ) c  53.5, Type -511, :ind Type 3 5  Oscillo- 
scopes, serial nuinlx~-s 101 to 20,000 and to 
:dl R;icli Moun! instruments in these types 
\\.it11 seri:il nuiiil~crs 101 to 1000. 

Ortler i rom your loc:tl Telitronis Fieltl 
Oi i icc ,  Fieltl E~igineer.  Fieltl Iicprese11t:1- 
tivc o r  1~)istril)utor. Spcciiy Tektronix 1,;trt 
~iui i i l~er  010-0103-00. 

Your Type -532 or  Type IiM32 Oscillo- 
scope can he modified i o r  tlie study o i  
one-shot plienonieiia 1)y instnll:ltioii of this 
kit. 

Ortler through your 1oc:il Telitronis Ficltl 
Ofi icc,  Ficltl Engineer, Ficltl 1ieprcscnt:i- 
tive or  13istril)utor. Specify Tel;tro~iis p;irt 
~iuiiil)er 010-0117-00. 

, . Ih i s  1iioc1iiic:ition supplies the iicccss:ir!- 
1necli:inic:il cotiipone~~ts :uid li:irtl\v:ire to 
s e c ~ i r c l ~ .  r:icli~iiount the Type 3.53 Port:ll)lc 
Oscilloscope. 

.-\ il-;lme, :~ssenil)letl i rom conipolne~its :inti 
1n:ii-tl\v:ire in tlnc 11iotliiic:ition kit, nllo\vs the 
oscilloscope to he ~iiountetl in :i st;untl:lrtl 
10" open or  closed r e h y  r:icli, o r  slide out , r. .] - 'I< \s. 

Order tlirougli youi- local l 'ektronis  Fieltl 
Oii icc.  Fieltl F;~igineer, Fieltl 1iepresent:i- 
t i\-e o r  llist ril1utor. Speciiy Tckt ronis  1mr1 
t i ~ ~ m l m  010-0120-00. 

This  modiiication installs a lo\\-el- r/min 
i:in motor :issemhly to reduce t l ~ e  :iutlio 
~ioise-level o i  the f:ui motor :isseml)ly. T h e  
nelv i;itn niotor :issernbly is :i tlirect re- 
pl:iccment except io r  the ntldition o i  a motor 
c:ip:icitor, \\-hich requires the drilling of 
t\vo 5/36 inch holes in the rear panel of 
the Type 526. 

Ortler through your loc:il Teli t ronis  Fieltl 
Office, Fieltl l?~igineer, Fieltl Represent:i- 
rive or  Distril)utor. Specify Telitronis p:irt 
numlxr 010-0112-00. 

Tliis motliiic:ition en:il)les t l ~ c  Telitronix 
Oscilloscopes listed I~elow to I)e racli-mount- 
etl in :I st:untlartl 19" relay rack. Required 
vertical iront-p:~ncl sp:ice is 17% inches. 

The  modification is :ipplical>le to the iol- 
lo\ving oscilloscopes : Types 524.411, 531, 
.532, -541, .35, :mtl -570, serial numl~ers  5001 
:ind 1111 ; :ilso, Types .531A, -533, .5'33A, 535A, 
-536, .511.A, .513, 513.A, .543E, 54-4, .515.A, 
.51.533, .516, 547, 575, 581, 58lA, 585, 585-A. 
:inti 661. :ill serial numbers. 

Order tlirougli your loc:il Tekt ronis  Fieltl 
Oii ice,  Fieltl Engineer, Fieltl Representa- 
tive or  1)istril)utor. Specify Telitronis p:trt 
nurnl)cr 040-0287-00. 

, . I his motliiication en;il)lcs tlic oscilloscopes 
listed I)clo\v to operate on 50- to 100-cycle 
po\ver lines. I t  installs ;i DC i a n  motor, 
:L tlier~ii:il time-delay rekiy, ;mtl :i D C  po\ver 
slipply relay, 

The  motliiic;ition is :ipplical)lc to tile 
iollo\ving inslrr~ments : 

TYPE SERIAL NUMBER 

(l'lense note : Ti your iiistrunient I n s  tlie 
I>C 1icl:iy Modification Ki t  010-258 in- 
st:tllcd, use Field Motliiication Kit 010- 
0233-00. ) 

Ortlcr tlirougli >our  local Tel,tronix Fieltl 
Oii icc,  F ~ c l d  E n g ~ n e c r ,  Fieltl Rcpresenta- 
t ~ \ c  o r  111~tr11~1tor.  Speciiy Tektronix part 
number 030-0231-00. 











T Y P I C A L  S ,  I JIPLIATG TRIGGEII 
C I R C l J I T  

A Ixlsic s:mpling trigger circuit is sliowii 
i n  Fiq~crr 1. Q, is used to provide isolation 
I ~ e t ~ v c e n  input ant1 output. The  I~nclc diode 
(D?) , tunnel diotle ( I ) , ) ,  and intluct:~nce 
(L,) form :\ one-shot multivihrator for  
t r igger recognition. SyncIironiz:~tion on in- 
put sign:tls is :\cliicvctl hy free-running this 
mult  i \ h x t o r .  

Tlie following discussion will clcvelop this 
circuit and its rel:itcd components. Tlie em- 
p1i:tsis \\.ill 11e on the function and operation 
of tlie I):~cli tliotle as a circuit element. 

In order to untlerstand tlie operation of 
tlie h : ~ k  tliotle, let us consider a few ixtsic 
circuits. Fiyzcrr 2 shows a basic tunnel- 
ciiotle ( T I ) )  s\vitch. ~, 

Figure 1  Typical Sampling Trigger Circuit. 

B I S T A B L E  OPERATIOAT 
A 20-V supply :end ;I resistance, R,, of 

2.5 I d 2  1)i:iscs tlie T D  a t  8 1n.4. Tlie D C  
l o ; ~ l  line is tlie solid linc in Figure 2R. If 
the T D  is in tlie low-voltage state, a 2-mA 
sigtial will cause the load line to move up 
toward tlie pe:ili current point of the TD 
(tlaslied, o r  AC,  1o:tcl line in Figure 2B) .  
Tlie voltage :icross the T D  increases along 
tlie slope of the T D  curve at  point "a". 
\\'lien the T I 1  current re:dics 10 m A  (I , , ) ,  
the voltage drop across tlie TD jumps a -  
most instantly to  tlie voltage at  point '%". 
\\'lien tlic 2-111.4 sign:tl is completed, the 
load linc returns to its origiml mA posi- 
tion on tlie T D  curve (point "c"). Notice 
that  tlie TU does not return to the low- 
voltnge state. 

.IIOh'OSTAliLE OPERilTIOhr 
T h e  T D  must return to the 1ov;-voltage 

state to respond to the n e s t  trigger signal. 
One \\.;is to insure tliat the T D  always 
returns to the low-volt:~ge state after  :\ 

trigger occurs is to usc a very small series 
Ii ; m I  :t low vo1t:tge source. See Figure 3. 

T h e  50-22 series resistor will drop 0.4 
volts at 8111A. T h e  T D  will drop 0.03 

Figure 2 ( A )  Basic tunnel-diode switch circuit for bi-stable operotion. 
( 0 )  AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 

Figure 2, ( A ) .  

volts :tt 81nX, therefore the supply voltage arrives, the T D  will switch to  tlie high- 
\\.ill have to 11c 0.43 volts to put the quies- voltage state. \\'lien tlie input signal ends, 
cent point a t  "a" on the D C  load line. Tlie the 1o;itl line drops I,elow tlie switching point 
lo\\ lml)edance gives much more slope to at  "1)" ant1 T D  reverts to tlie low-voltage 
tlie load line \ \ l ien a 2-11iA input signal state. T h e  5teep 4ope of the load line nialces 



Figure 3 ( A )  Basic tunnel diode switch for monostable operation, 
( B )  AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 

Figure 3, ( A ) .  

age excursion. Switching speed is increased 
1)ecause current which would have otherwise 
passed through R ?  is now available to charge 
the capacitance of the T D .  This circuit is 
monostable if the load line is steep enough 
to cross only one positive slope of tlie TD 
curve. The  slope of tlie load line depends 
primarily on  the d u e  of R?. T h e  width 
of tlie output pulse is controlled mainly by 
tlie L/R time of the circuit, where L is the 
induct;ince of L, and R is the resistance of 
I-& in series with the impedance of the T D .  
T h e  impec1;tnce of tlie T D  in tlie high-volt- 
age state is different from the impedance 
of the T D  in the low-voltage state. 

Circuit operation as an oscillator is also 
possible. I'igzlrc. 5 shows tlie addition of 
R.,, :t bias control. Resistor values a r e  cho- 

the output voltage in Figure 3 less than tlie 
output voltage of the circuit in Figure 2. 
T h e  tlur;ttion of the output signal is the 
s:me a s  tlie input signal, resulting in rnono- 
stable operation. 

Figure 4 

1;igltr.p 4 shows a~lotlier niethod of oh- 
1:tining the low impedance lox1 describetl 
in tlie previous paragraph. This circuit has 
the same c1lar;tcteristics a s  tlie circuit in 
Figure 3 except: 

1. A Iiiglies source voltage can be used. 

2. Some additional current nimt be pro- 
vided through R, to satisfy the needs 
of R:. 

3. Some additional signal current is need- 
ed to drive the shunt sesist;tnce of R2+ 

A method of increasing the output volt- 
age and switching speed is shown in Figztrr 
5A. The coil provides a very flat load line 
during switching time (shown as tlaslietl 
line in Figure 5B) because of the high im- 
petlance of tlie coil a t  the switching speed 
of the T13. Note the increase in the volt- 

Figure 5 ( A )  Another version of a monostable tunnel-diode switching circuit. The coil, L,, helps 
to increase the output voltage and switching speed. 

( B )  AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 
Figure 5, ( A ) .  

sen to place the T D  near its current peak 
(Io~v-voltage state) d i e n  R1 is in the cen- 
ter of its range. 

TI the resistnnce of R1 is reduced, more 
current flo~v.; from the -20-V supply and 
less current flo\vs through the TD-the T D  
\+ill now he biased at  sonic point below 
peak current (as indicated by tlie dashed 
line pnrnlleling the R1 25-Q line in Figure 
6 ( B ) .  If the resistance of R 3  is increased 
(reducing the current through R?), more 
current will flow through the TD-if this 
current exceeds IOniA, tlie T D  will switch 
to its higli-voltage state, along the dashed 
loatl line to point ";t".' If the DC load line 
produced hy R:: intersects tlie lower nega- 
tive resistance portion of tlie T D  curve 
(point "I)", Figure 6 ) ,  the T D  will auto- 
niatically s~ . i t c I i  back to its low-voltage 
state. The  effective load line will change 
f rom a Iiigh itnpedance (point "a") t o  a low 
impedance (point "h") . This change will 
take place at  an L/R rate-when point "b" 
is reached, the T D  will revert to a posi- 
tion on the DC load line, a s  determined by 
R:,. If this loatl line places the T D  current 
almve I0  mA, the circuit will oscillate. 

C I R C U I T  ANALYSIS 

T h e  tunnel diode and the resistor, R?, 
in Figure 6A can be considered a s  parallel 
elements. Let us assume a value of 25 Q 
for  R?. Figwe 7 shows a 25-Q resistance 
plot superimposed on a 10-11iA T D  curve. 
T h e  instantaneous current of each element 
can he found by drawing a perpendicular 
line at  the voltage point of interest-for 
instance, at  about 80mV, the T D  is close 
to its peak current state at  1 0 m A .  T h e  
current tlirougli the resistor, R:, with an 
80-mV drop will he:  

E 80 x 10-" 1 =---- = - 
R 

- 3.2 mA. 
25 
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Figure 7 2 5 4  resistance plot on a 10-mA 
tunnel-diode curve. 

Figure 6 ( A )  The addition of a variable resistor, R:,, enables the circuit shown in Figure 5, 
( A ) ,  to operate as an oscillator. 

( B )  AC and DC load lines superimposed on a 10-mA curve of the diode shown in 
Figure 6, ( A ) .  

T l i e  +20-V supply must therefore fur-  
tiisli 13.2 mi\ to the TI)-R, combination 
through I<,. 

\\'hen :I stiiall positive-going s ignd  is 
applied to the circuit in Figure 6, the T D  
switches to its liigli-vo1t;tge state. Bec:iuse 
tlie coil provitles a fairly flat load line 
(sholvn 11y the tl:ished line in F igr~re  6 R ) ,  
the  output \olt,ige will Ile :I little greater 
tIi;~ti 0 5  volts Af te r  the Ta/R time the DC 
load 11ne will I)ecome effective :ind tleter- 

Mre 1i:ive experienced a trcmentlous re- 
spotise to 011s :i~itio~l~lcetiie~it in the February, 
1966, issue of SEIlIiICZ-: S C O P E  on the 
availaljility of Telitronix-pro(111cec1 films. 
T h e  requests hy our readers for  tlie use of 
these films h a w  esceetletl our wildest espec- 
tations and sorely taxed our ability to 
promptly supply the films. 

\\'e are filling all requests on x first-collie, 
first-served basis ant1 earnestly solicit your 
patience ; u ~ l  unt1erst:uitling if we fail to sup- 
ply the \vanted film PI-omptly. All requests 

H e r e  are some adtlitio~ial :irticles, au- 
thored 1)y Telctronix personnel, tliat have 
appe:ired in recent issues of tr:idc publica- 
tions. Listed along nit11 tlie author's name 
and tlie title of tlie article is tlie magazine 
and the niontli of issue it1 ~vliich the article 
appeared. Also included is :I thumb-nail 
sketch of the :trticlels content. 

Local Telctrotiix Field Offices, o r  your 
Telctronix Field Engineer, Field Representa- 
tive or Distributor can supply you wit11 

mine the current tlistri1)ution through tlie 
TI)-III comlination. Tlie total current sup- 
plied to the circuit via tlie current control 
resistor, R,, is about 13.2 tnA. A s  the L/R 
time constant decays a greater voll:~ge drop 
will appe:ir  cross R.. \\'lien this voltage 
drop reaches ~ 3 0 0  m V ,  tlie current tlirougli 
the 25-n resistor will bc almut 12 niA-:is 
tlie total current supplied to tlie circuit is 
13.2 m.4, only 1.2 mA will 11e available to 
the TD. At tliis current-voltage point the 

from qualified sources will I x  honored; 1x11, 
there may be a delay of sever;il weeks in 
supplying some of the mol-e p o p ~ ~ l a r  films. 

A new Telctronix-prod11ce(1 film is now 
:iv:iil:lble to schools or  to companies engaged 
in educational o r  training progr:ims for their 
employees. This  film like the previously 
announced ones may be obtained on a free 
loan basis, o r  t iny  be purchased. Title of 
tlie new filtii is 'Transresistance". I t  is a 
lecture-type film that o f fe rs  :in explanation 
of the transresistance ~ i~e t l iod  of analyzing 

reprints of these articles. 

"Differential Compar:~t(~r Extends Mea- 
surement Accuracy," by John J. H o r n ,  De- 
sign Engineer. Electronic Design, Octoher 
25, 1965. A discussion of how a differenti:il 
comparator can refine oscilloscope vo1t:ig.e- 
amplitude tiieasurements for  either D C  or  
pulse signals. 

"Xtlvances in Storage Oscilloscopes," by 
IJonaltl C. Calnon, l'roject Engineer. Elec- 
tronic I~idustr ies  February, 1966. Discusses 

.. . ID will s\vitcli I~acli to its low-voktge 
state. \\'lien the circuit is at  "idlen-near 
its curretil peak, the voltage ;icross the 
T D - R ?  coiii1)in:ition will 1)e about 8 0 1 n \ ~ ,  
and almut 3 .2mA will I>e "lost" in the re- 
sistor, R2. 

*. 1 he best component :ivailaljle to replace 
K, is :i 11:icIc diode. Tlie back diotle is 
siniply :i tunnel diode tliat is usually selected 
for its reverse conduction characteristics. 

Editor's Xote : This concludes tlie first half 
of this article. T h e  theory, function and 
application of the h;iclc diotle to tunnel- 
diotle slvitching circuits will be taken up 
in the next (August)  issue of S E R V I C E  
S C O P E .  

trntisistorizetl circuitry. ( A n  article in tlie 
Ikceml)er, 1961, issue o f S E R V I C E 
S C O P E ,  "Simplifying Transistor Linear- 
Amplifier An:ilysis" tliscusscd transresis- 
tnnce :is an aid in troul>lesliooting o r  ev;llu- 
:iring tr:~nsistor circuits.) Audiences for  
tliis filtii sliould have a sound hasic Icnow- 
ledge of tr:insistor tlieory ant1 tcrtninology. 

People interested in showing these films 
should contact their local Telitronix Field 
Office, Field Engineer, Field Represent:~tive, 
o r  I)istril)utor. 

state-of-the-art storage tu l~cs  and tlie more 
versatile oscilloscope they make possil~le. 
Some terminology is defined. 

"The Sampling Oscilloscope: A Natiosec- 
ond Measurement Tool," f rom informition 
supplied by Telctronix, Inc. T h e  1965 Test 
Tnstrument Reference Issue ( A  Caliners 
prth1ic:ition) . Tells how tlie sampling oscil- 
loscope tlispl:cys high speed p1ienomen:i. E x -  
plains how it buys sensitivity a t  the expense 
of time. 



Here is a "do-it-yourself" project you 
map want to  try. This insulated extender 
for a probe's retractable-hook tip can I)e 
made from an ordinary paper clip and two 
pieces of insulation or "spaghetti". It makes 
a handy extension f o ~  reaching into those 
hard-to-get-at places when trouble shooting 
or checking circuits. 

Figure 1.  Progressive steps in forming the 
retractable-hook tip extender. 

Figure 1 shows the steps in forniing the 
extender. A. Start  with an ordinary p:tper 
clip. B. Straigliteu the outside wire. C. 
Bend the inside wire to lrave a crook. D. 
Bend the longer wire to form ;I right angle 
to the short wire and slip two pieces of in- 
sulation over the wire leaving the crook bare. 
E. With the retractable-hook tip, grip the 
partially formed extender at the crook and 
wrap the longer insulated portion around 
the shaft of the retractable-hook trip to 
form a one turn coil. Figztre 2 shows a 
probe with the retractable-hooli tip grip- 
ping the completed extender. 

The extender will offer no problems when 
used with oscilloscopes having bantlpass capa- 
bilities of up to 50 MHz. \\re do not recom- 
mend the use of the extender with the Type 

gating high frequency signal, the probe 
ground strap must be kept as short as pos- 
sil~le for best results. A probe ground strap 
in excess of three inches will cause ohjec- 
tionahle ringing. .4n extender and hook tip 
combination on the probe requires that the 
probe ground strap be at least 5" inches in 
length. 

Our thanks for this idea go to a meniber 
of our Instruction Manuals Group, Keith 
Morrill, who developed the extender and 
brought it to our attention. 

Incoinpletely reniovetl soldering flux or, 
more rarely solder resist, can cause poor 
contact between the connector tabs on etched 
circuit cards and the connector sockets into 
which the tabs fit. Soldering flux can he 
removal with Socal, Fotocal (denatured 
alcohol), Freon, or Chlorothene. Use a (2- 
tip to apply the cleaner. 

Solder resist which is more tenacious 
may require a light abrasive, such as a lead 
pencil eraser, for complete removal. Use  
the Prosel- zwry l ighf ly .  The connector tabs 
and connector sockets for Tektronix etched- 
circuit cards are gold plated to assure a 
minimum of contact resistance. Care must 
be taken not to remove this plating 

In the February, 1966, issue of SERVICE 
S C O P E  we announced a new CRT Mesh 
Tight Filter and R F I  Shield. \\'e included 
a list of oscilloscopes plus the part numbers 
of the particular filter-shield the instrument 
would accept. 

\\'e liave since discovered several errors 
in that list. Also, we now have a model to 
fit the Type 321A Oscilloscope. 

Here  is the corrected list: 

T Y P E  P A R T  NUMBER 
321A 378-0577-00 
422 378-0571-00 
453 378-0573-00 
All Tektronix oscilloscopes 
with 5" round CRT's 378-0572-00 

\\'hen an otherwise unexplainable transis- 
tor failure occurs in a hybrid circuit, it 
pays to consider, as a probable cause, an  in- 
termittent short in what appears to be a per- 
fectly good vacuum tube. There have been 
instances where failure of a transistor 
located in the grid circuit of a vacuum has 
been traced to intermittent arc-over in the 
tube. Frame-grid tubes such as the 6DJ8 
are particularly prone to this type of fail- 
ure ;  but, they are by no means the only 
of fenders. Norinally a grid-wire breaking 
and shorting to the plate will wipe out the 
tube. There have been some, however, where 
the short has "healed" itself after passing 
enough current to destroy an associated 
transistor. 

In  all Tektronix instruments using forcetl- 
air ventilation, the air entering the instru- 
ment is f ilteretl. Nevertheless, some dust 
will eventually penetrate into the interior. 
This dust slioulti be removed occasionally 
due to its conductivity under high humid 
conditions. The best way to clean the in- 
terior is to first carefully vacuum all acces- 
sible areas. Nest  blow away the remaining 
dust with dry low-press~tre con~pressed air. 
Avoid the use of high-velocity air which 
niight damage some of the components. Re- 
move stubborn dirt with a small soft paint 
hrush or a cloth dampened with a mild 
w;iter-and-deterget11 solution. 

Pap special attention to high-voltage cir- 
cuits, including parts inside the high-voltage 
shield. Arcing in this area due to dust or 
other causes may produce false sweep trig- 
gering which in turn will cause an unstable 
C R T  display. 

Don't neglect those instruments that do 
not use forcetl-air ventilation. Dust will 
collect in these instrunients too. I ts  pres- 
ence will liave the same effect on these 
instruments as in the case of forced-air 
ventilated equipment. The same removal 
procedure applies to both types of instru- 
ments. 

Air Filter-The air filter (too often one 

Figure 2. Completed insulated extender in 506, 527, 529, and 561A 378-0575-00 of the most neglected parts of an instru- 

position on a retractable-hook tip. 647 378-0574-00 ment) should be visually checked every few 
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w e e k s  and cleaned if dirty. Obviously, more 
f requent  inspection :111d cleaning \\.ill Ix re- 
q u i r e d  for tliose instruments loc:itetl in areas 
w i t h  severe environmental conditions 

Oltler Tektronis  instruments use a metal 
m e s h  filter. Later  instruments use a more 
recently developed plastic-foam material as  
t h e  filter element. The  following informa- 
t ion  applies to hoth types of filter materi:11. 
To cle:m the filter, wash it out as  you \voultl 
a plastic sponge (s\visli metal mesh filters 
u p  and  tlovin and :iround). Use a niild 

warm \v:iter-:i~~tl-tlcterge~it solution. Rinse 
the filter thoroughly :uid let it dry. Coat 
the dry filter nitli fresh "Filter-Kotc" 
or  "1l:uitli-Kote". (These products arc avail- 
:hie from your local Rcsearcli Products 
Compmy, and froni some air-conditioner 
suppliers.) Let the filter dry thoroughly 
l~efore  reinstalling. 

The  plastic-fo:m filter is quite a bit more 
efficient t1i:ui tlie older metal-mesh filter. 
I t  can be used as :I replr~cemetit on some of 
the Telitronix instruments tliat came equip- 

ped \vith ~iietal-mesh filters. Here  is a list 
of those instruments and the plastic-fo:m 
filter kit they will accept. 

T Y P E  R E P L A C E M E N T  K I T  K O .  

541, 511A, 543A, 545, 545A, 
551*, 555" 050-0123-00 
175 050-0087-00 
1121, 123, 133 050-0148-00 

*This replacement kit is fo r  tlie indicator 
unit only. Order repl:~cement kit 050-0253 
-00 for  tlie p o u w  supply unit of these 
instru~iietits. 

I n  the April issue of Service Scope, in 
th i s  colutnn, we typogr:tpliically elevated tlie 
P 5 l O A  I'robe to the status of a Catliotle Fol- 
lower  Pro l~e .  A catliotle follo~vcr it is not ! 
T l i e  P510A is a ten times probe tliat presents 
an input impedance of 10 ~iiegolims paral- 
leletl by 14pF.  Tliis probe has not been 
produced since 1959. It was, in its day, how- 
ever,  a very popnlar probe and many are  still 
i n  use, performing very \veil with tlie instru- 
ments  for  which they were designed. 

Tlie  Field Rilotlification Kit 040-0287-01 
which  was reviewed in this column last issue 
contains the parts necess:try to repair sever:d 
P510A Probes. 

O S C I L L O S C O P E  CRADTzE M O U K T -  
I N C O R R E C T  P A R T  K U M R E R  

Tlie correct part 11um11er for  the Oscillo- 
scope Cradle Mount Modification Kit re- 
viewed in this colu~nn last issue is 010-0281- 
00. Tliis is tlie ~nodification kit tli:it alters 
tlie following instruments to  fit into a 
standard 19" rcl:iy r : d i :  Type .%AD, 531, 
532, 535, 541, 545, and 570, seri:~l numbers 
5001 and u p ;  Types 531A, 533, 533A, 535A, 
536, 541A, 543, 543.4 543R, 544, .545A, 545R, 
546, 547, 575, 581, 581A, 585, 585A, and 661, 
a11 serial numbers. 

TYPE 532 AKI) TYI'E RM32 OSCIL1.O- 
S C O P E S - S I L I C O N  R E C T I F I E R S  

Tliis modification replaces the seleniu~ii 
rectifiers in :i Type 532 or  Typc RM32 
Oscilloscope ~ v i t h  silicon rectifiers. Silicon 
rectifiers offer  greater relial~ility and longer 
life. Tlie ~iiodification is applical~lc to Type 
532 Oscilloscopes serial numbers 101 through 

6921 m t l  Type RM32 Oscilloscopes, seri:il 
~lurnhel-s 101 through 499. 

Order through your local Tektronis  Field 
Office, Field Engineer, Field Representa- 
tive, o r  Distributor. Specify Telitrotiix part 
numlxr 040-0218-00. 

M A S I M I J M  I S T E N S I T Y  M O D I F I C A -  
T I O X  KIT-FOR I.ISTED OSC1LL.O- 
SCOI'13S 

Tliis modification repl:ices the one meg- 
ohm I K T E N S I T Y  potentiometer of tlie 
listed oscilloscopes witli t\vo two-megolim 
potentiometers in j~arnllel. One potentio- 
meter serves a s  tlie front-panel I h T T E N -  
S I T Y  control. T h e  other serves a s  the 
M A S T M U M  I N T E N S I T Y  control and is 
scre\v-driver adjusted. \\'it11 this arrange- 
ment, when o1)serving plicnomena at  slow 
s w x q  speeds the M."IIMVM I N T E I C  
STTY control can I)e adjusted to provide the 
I m t  jhosplior protection and prevent the 
C R T  pliosphor from l x ~ r n  tl:~m:ige. O r ,  
\vlie~i ol,ser\G~g phenomena :it the f:~stcst 
sweep speeds, tlie M A X I M U M  I S T E N -  
STTY control c;u1 11e ndjustetl to p1-ovide the 
hest \vriting rate. 
, . l l ic  niotlification is applicable to tlie fol- 

lo\ving instruments, all serial nunil~et-s : 

Type 531 Type 535 Typc 543 
Type 53lA Type 53.5'X Type 513A 
Type 532 Type 541 Typc -545 
Type 533 Type 541A Tj.pe .51.5.4 
T?pe 533.4 

Order tlirot~gll your loc:d T e l ~ t r o n i s  Field 
Oifice,  Fieltl Engineer, Field Represent:l- 
t i \ q  or L)istriI>utor. Specify Telitronis pnrt 
numlxr 010-0159-00. 

T Y P E  551 OSCITaIaOSCOPE-12-1<1- 
I-IIGH-VO1,TAGE T R A N S F O R M E R  

Tliis modification replaces tlie 10-kV 
I-iigli-\;oltagc tr:insformer witli a 12-kV 
tr:msformer in Type 551 Oscilloscopes, all 
serial num1)ers. Tlie iticreased high voltage 
offers  greater trace intensity at  the fastest 
sweep speeds. 

Ortlcr through your local Telitronix Fieltl 
Office, Field Engineer, Field Representn- 
tive, o r  Distributor. Specify Tcktronix p r t  
number 040-0238-00. 

13LANK PI-UG-IN U N I T S  

T w o  tiiotlification kits supply the neces- 
sary "skeleton" parts (witli assembly in- 
structions) to construct hl:uik plug-in units. 
These units a re  intended to liousc circuitry 
of your o\vn design to provide special-pur- 
pose plug-in units. 

hlodificatioii-];it instruction sheets list per- 
tinent electrical inform;~tion so  that the in- 
stalled circuitry may Ile desigtietl to be com- 
patil~le to the oscilloscope for  d l i c h  the 
speci;il-purpose plug-in unit is intended. 

Speci:tl plug-in units may I x  made to 
operate in conjunction with a standard Tek- 
tronis  plug-in unit o r  witli a secoiitl special 
plug-in unit. 

Order tlirougli your loc:~l Tekt ronis  Field 
Office, Fieltl Engineer, Field Representative, 
o r  Distril)utor. 

For  Telttronis Oscilloscopes using Letter 
Series or  1 Series Plug-In Unit, spccify 
Tektronis  part numl~er 040-0065-00. 

F o r  Telitronis Type 560-Series Oscillo- 
scopes, specify Telitronis p:irt number 010- 
0245-00. 



TEKTRONIX TYPE I S 2  MAKES REFLECTOMETERY EASY 

As an analytical technique in tlie study 
of high-speed transmission systems and com- 
ponents, T D R  (Time Domain Reflectome- 
try)  has \van wide accept:tnce. This is par- 
ticularly true since tlie advent of the sanl- 
pling oscilloscope anti its fractional nano- 
second risetimes. 

A ne\v l'elitronis oscilloscope plug-in 
unit, the Type IS:! S:impling Unit, pro- 
vides an unusu:il degree of nser convenience 
for TDR measurements--and does so with- 
out s:tcrificing its s;irnpliiig c;tp:rhiIity. The  
Type 1S2 is designed to operate in Tek- 
tronis  Type  530, Type 5 4 ,  Type -5.50, ;rnd 
Type 580 (with Type 81 A(l;tptcr) Series 
Oscilloscopes. 

T h e  essential parts of a TI )K system 
include :I fast-flat-top pulse source for 
launching an incident \vaveform into :I tcst 
line. Tlie Type IS:! contair~s, within itself, 
two such pulse sources: (1 )  a tunnel diode 
supplying a qu;trter-\;olt pulse with ;t 50- 
picosecontl risetime (giving a T D R  sys- 
tem risetime of 140 picoseconds) for 01)- 
serving, with a high degree of resolution, 
small discontinuities in rel:lti\:ely short 50- 
ohm systems ; :uitl, ( 2 )  n one-volt pulse with 
50-ohm source iniped;tnce :tnd ;t I-nanosec- 
ond risetime to maximize the sign:tl-to-noise 
ratio n.hen 01)serving discontinuities in long 
.iO-olim transmission lines. Either p~tlse can 
be fed (via the signal c1i:tiinel containing 
the sampling-oscilloscope picliof f ) into tlic 
line under test. 

A T D R  system tliscloscs, I)asic;tlly, three 
types of information : (1)  the tyfic of dis- 
continuity tlie incident edge encounters :Is 
it t r a \ ~ l s  down the line under tcst, (i.e., 
\vliether it meets a new characteristic im- 
pedance, or whether it sees a lump of series 
inductance or  shunt cnpacit:tncc) ; (2)  the 
~rrcrgiiif~rdc of tlie discontinuity (sucli its the 
:tctual value of shunt capacitance or  series 
induct:tiicc) ; (3 )  the locniio~l of :I tliscon- 
tinuity x i t h  rcspcct to the pulse source and 
the oscilloscope. 

These three types of infortixrtion c:tn be 
ol~tained separately from the Type 1S2. 
T h e  t ype  of discontitiuity m t l  its ~ ~ ~ ( j g i l i -  
trrde arc  obtained from the vertical axis 
of the display. The  Type 1.52 of fe rs  t\vo 

sets of scale units on the vertical a x i s ;  
one calibrated in reflection coefficient "p" 
( r h o ) ,  and the other in volts per division. A 
switch provides for  scale selection. With the 
switch in the p position, one can read the 
display of a reflection directly in terms of 
percent of the incident-pulse amplitude. 

l3y means of an O F F S E T  control, one 
can position tlie display vertically. Also, 
since the offset  voltage itself is available 
:it a front panel jack, slide back measure- 
ments of reflectio~l-either in terms of 
or  volts-c:ui he made. T h e  primary func- 
tion of  the O F F S E T  control, lio\vever, is 
to provide a ~ a r i a h l e  voltage \vhich is es- 
sentially atitlcd in series to  the Type 1S2 
input. \\'it11 this arrangement, wlie~i an 
opcl-ator is confronted \vith a small reflec- 
tion of interest sitting on a D C  voltage, 
the LIC voltage can he c:rncclletl out using 
the O F F S E T  control. T h e  signal of in- 
terest can thus he examined ;it ;{ more re- 
vealing deflection factor. 

Tlie third type of information, that of 
the location of a discontinuity is t1ispl;ryed 
on the horizontal axis of the Type 1S2. 
Tliis a s i s  ;tlso offers  two sets of scale 
units; one calibrated in tlistance-units per 
division, the other, in time-units per di\+ 
sion. T h e  desired scale is selected via :i 

H O R I Z O S T A L  U S I T S / D I V  front panel 
control. Tlie ;rctual horizontal units per 
division changes with the setting of three 
contl-01s. Therefore a readout indicator is 
provided to :lutom;itically calculate and di- 
rectly tlisphy the actual distance or  time 
units per division. 

Se1);rr;iting the processes of locating the 
discontinuity and :inalyzing the degree or  
size of the discoiitinuity is often tlesirahle. 
This  is very easy to do with a Typc  I S 2  
Unit. \\lien :I position range has been 
sclcctetl and the P O S I T T O N  control set 
to zero, the leading edge of the incident 
pulse will he positioned o r  referenced to the 
"1" \:ertical graticule line (graticule lines 
numhered 0 through 10-left to r ight) ,  
indcyendcnt of the time-distance settings 
o f  tlie R A N G E  control. Turning the 
I ' O S I T I O N  control will now cause the 
1e:ttling edge of the incident pulse to go 

off screen to the lef t  and will bring the 
aberration, caused by a "down-the-line" dis- 
continuity, to  the reference line. Wi th  the 
aberration so positioned, the location of the 
discontinuity can be determined by multi- 
plying the reading of the P O S I T I O N  con- 
trol hy the selected range. 

\\'hen a discontinuity has been thus lo- 
cated, advancing the M A G N I F I E R  control 
will csp:rnd the display horizontally about 
the reference line. 

\2'ith tlie HORIZONTAL U N I T S / D I V  
switch in the D I S T A N C E  position and the 
1IIET.ECTRIC control set to the dielectric 
of the line under test, the location of a dis- 
continuity can he determined directly in 
meters. D I E L E C T R I C  control positions 
for  air, T F E ,  and polyethylene lines a re  pro- 
vitled. Tlie P R E S E T  position of this con- 
trol provitles a relative velocity of propaga- 
tion f rom 0.6 to 1. This extends the 
instrument's dist;unce calibration for  use 
nit11 foam transmission lines, many printed- 
circuit strip lines and lines with other un- 
us11a1 tlielectrics. \\'lien :I test line is coni- 
posed of unknown o r  several different 
types of dielectrics, it map be more con- 
venient to use the titne-scale calibration. 
The  P O S I T I O X  control will then indicate 
the routxl-trip transit time of the incident 
edge tlo\vn tlie test line and back to the 
oscilloscope. 

A s  a sampling m i l ,  the Type IS:! offers  
a flexible high-speed trigger circuit that 
accepts pulse and s i 11 e w a v e triggering 
through 5 GHz.  However, the low sampling 
density that occurs in the display at  low 
trigger rates m;rlies trigger rates above 
1 lil-Iz tlesirahle. Tlie through-signal chan- 
nel is then ;tvailable to  provide 90-ps rise- 
time along with vertical deflection factors 
from 5 mV/div to % V/div, and time units 
from 1 ,us/div to 100 ps/tliv. In  either mode 
of operation-TDR o r  Sampling-single 
sweeps a r e  available for  photography o r  
storage convenience along with a manual 
o r  external scan of the display; most con- 
venient when driving X-Y or  Y - T  re- 
corders directly f rom outputs provided a t  
the Type 1S2's front  panel. 





TUNNEL DIODE SWITCHING CIRCUITS 
AND THE BACK DIODE 

By The Marketing Technical Training Department 
Tektronix, Inc. 

PART II 

This is the concluding half of an article intended to give the reader a better 
understanding of tunnel-diode switching circuits. The first half of the article 
appeared in the June, 1966 Service Scope. It reviewed the several methods of 
tunnel-diode circuit operation and, in a circuit analysis, developed the need for a 
device, such as the back diode, in these circuits. This half of the article discusses 
the theory of the back diode and the application of this rather new device to tun- 
nel-diode circuits. 



BACK DIODE 
I n  order to avoid the \vaste power in Rz, 

d u r i n g  "idle" time of the circuit, the ideal 
component to replace It2 \vould be a 200- 
m\- zener diotle (see Figure 8).  Sormally 
\vlien tlie T D  is biased on the first positive 
slope, there \voultl be essentially no current 
supplied to the zener. Tlie steep slope of 
{lie zener that extends bet~veen tlie peak 
and v;tlley current points of tlie TD \vould 
cause very positive s\vitclling h ick  to the 
lo\\--voltage state. Vnfortutiately, 200-m\' 
zetiers :\re not available. 

X more practical solution is tlie use of 
;i I ~ a c k  diode'. 

T h e  back diode is simply a tunnel diode 
that  is ~ ~ s u a l l y  chosen for  its reverse con- 
duction cl~aracteristics If the peak cur- 
rent  is m ~ a l l  compared to the operating 

Figure 8 Curve of a hypothetical 200-mA zener 
diode superimposed on a 10-mA tun- 
nel-diode curve. 

I , , , ?  , , , , , , , , ,  

current, the peal\ current can he ~gnored  > 
Tlie RD-4 Ixick d ~ o d e  has a peak current 
of f rom 50 pA to 100 pA (see F ~ g u r e  9.4) 
\\ lien ,i 200-mii peal, to peak sme\zrave is 
.ippl~etl to the RD-I ,  the E - I  cliarxteristics 
of the h Z l ~ l i  d ~ o d e  a re  represented b) the 
c n n e  In F ~ g u r e  9R N o t ~ c e  that the ncga- 
t ~ \ e  reslstmce c l ia rac te r~s l~c  cannot be seen 

' ' 1  
-. 

'The back diode is a tunnel diode whose reverse 

characteristics are being used. Just as there ore 

many symbols for tunnel diodes, many symbols 

hove been used for back diodes. In order to 

ovoid confusion, the symbol shown below has 

been chosen to represent a "backward" diode 

in this article. 

0.1 0.2 0.3 a4 0.5 

P moter~ol N moterial 

'd 
Easy current dlrectlon (low voltage drop) 

b + 

volts - 

- Volts on the Anode , +Volts on the Anode -Vol t s  on the Anode +Vol t s  on the Anode 
v 

Figure 9 ( A )  Waveform photo showing peak current o f  a BD-4 back diode. 

( B )  Waveform of a BD-4 back diode with a 20-mA sinewave appl ied 

Since tlic back diode is operated in the ior\\ard-current tunnel tliotlcs \\-ill h a ~ c  ;I 

reverse direction, tlie conduction curve in 
F igure  9B must also be reversed to give 
;I proper picture of tlie conductioti char;tc- 
teristics of the device. See Figure 10. 
S o t i c e  this appears like a regular diode with 
;I low-voltage zener region and an extremely 
lo\\ forivartl voltage drop. Any TD can he 
used as ;i back diode, altliough tlie high 

less t1esiral)le "reverse" characteristic 
Figure 11A shows curves of ;i tunriel 

tliode t j  pe TD253B and a back diode type 
BD-4 superimposetl. These curves were 
talwi on a Tektronix Type  575 Curve 
Tracer wit11 tlie vertical deflection factor 
set to Im.A/div and tlic horizontal set to 
0.1 volts/div. 

111 Figure 11B, if tlie T D  bias resistor, 
RI, is adjusted so that tlie tunnel tliode is 
biased a t  some current below I,,, tlie T D  
circuit is in a triggerable mode. T h e  new 
D C  load line, using tlie back diode a s  a 
load for  tlie T D ,  is shown in Figure 12. 
T h e  curve of tlie load line is tlie inverse of 
the impedance of the back diode. Tlie A C  
load line is still the f lat  line (dashed) pro- 



current on the tunnel diode is re;iclletl, 
the  current in the I~icl; tliode is ;~ppros i -  
niately 1 mA. This compares to 3.211iA of 
"lost" current \\.hen using the 25-Q resistor. 
A s  more current flows in the back diode, 
the non-linear impedance decreases s u b  
stantially. The  back tliode must con~luct 
about 101nA when switching the T D  to 
the lo\\-voltage state. At this point (10 
m A )  the imped;ince of the ED-3 is about 
2 S1. This low impetlance will cause a very 
positive "bacli to low-voltage state" s\vitch- 
ing of the tunnel tliodc. The  non-litle;~r 
impetlance of the RD-4 offers  the follow- 
ing ;cdv;untages over a resistor : 

1. The  high impedance at  lolv current in- 
sures that thc triggering point of the 
T D  does not depend on the rate of 
rise of the trigger signal 1)ecause the 
I, is essentially disconnectctl. 

-3. Tlie very lo\\ impedance at high cur- 
rent will insure that the T D  ;dways 

Figure 10 Conduction curve in Figure 9, (B) reversed to give a proper picture of conduction 
characteristics. 

Figure 1 1  ( A )  Curves of a TD253B tunnel diode and a BD-4 back diode superimposed. 
(B) Same circuit as in Figure 6 ,  ( A )  except here a bock diode, D:, is the load for the tunnel diode. 

3. The static po~ver  retluise~nents a r e  less. 
The BD-4 ;dso ;\ids in oper:ttion of the 

circuit ns :\ count-tlo~vn unit. It I n s  I~ecil 
noted t11:1t tllc circuit in F i ~ u r e  11B will 
oscilhte if the TI1 is l)i;isetl :\l)o\-c the peal; 
current point. Current switclli~lg \\ill take 
place I~et\vecn the TD and the I)acli tliodc. 

vibr;itor circuit \\.ill sy~lcllsonize wit11 some 
sul,-niultiple of 200111-Iz-in this case 50 
MI-Iz. 111 :illy case, the output freclt~ency 
will 11e some su11-multiple of the input fre-  
q u e ~ ~ c y  \vIlen the input frequency is signif- 
icantly higher than the circuit free-running 
f requcncy. 

Figure 12 AC and DC load lines of tunnel diode in Figure 1 1  (B) superimposed on a 10-ma tunnel- 
diode curve. 



Output 

TI SENSITIVITY 2K 

Figure 1 3  A few refinements to the circuit in Figure 1 1  ( 8 )  are included in the circuit shown 
See text for explanation. 

A few refinements to the circuit in Fig- 
ure 11B are incl~lded in the circuit in Fig- 
ure' 13. The transistor is a fast PNP de- 
vice which isolates the voltage excursion 
of the  T D  circuit from the input signal. 
Static current in the transistor is adjusted 
by R3 to compensate for circuit values and 
peak current tlifferences of TD's. Normal- 
ly, R3 is adjusted for  a free-running T D  cir- 
cuit when R:, is a t  tlie center of its range. 
When  R5 is set in the center of its range, 
the circuit operating conditions are as fol- 
lows : 

1. Current from the -20 V supply to Dl 

E 
anode is - - = - R 20 = 2.5 mA 

8kD 
2. Dl tnust be biased at  peak current 

which is 10 mA. 

3. D: will have a reverse current of 
=I  mA. 

4. Current in Q,  must equal R,, Rs cur- 
rent plus Dl  current plus D? current 
which total 13.5 mA. 

5. Voltage drop across Rz, R3 is +20 V 
minus emitter voltage of +2 V (base 
voltage) plus ~ 0 . 6  V (base-emitter 
drop) which equals 20 - 2.6 or 17.4 
volts. 

6. Required total resistarice of R?, RD 

7. Current requirements are satisfied 
when R3 is adjusted for 290 D. 

The  input signal is AC coupled by C1 
and C:. If the input frequency is sufficient- 
ly  high, the impedance of C1 can be ignored 
and input impedance is R, in series with the 
transistor emitter resistance; 39D + 11 
= 50 St. The small capacitor, C?, provides 

additional high-frequetlcy coupling of the 
input signal to compensate for tlie increase 
in emitter resistance at higher frequencies, 
thus the input impetlance is held fairly con- 
stant throughout the circuit operating range. 
Since the input imped.nnce is a predictable 
50 D, the signal current can be found by 

here. 

Let us assume the T D  has just switched 
to the high state. Current through D? in- 
creases exponentially as fast as L1 and the 
impedances of D, and D? will allow As 
the current in D? increases, current in Dl 
will decrease proportionally until Dl switcheq 
to tlie low-voltage state A t  this time, tlie 
current in Dl  will increase as current in D2 
decreases until Dl peak current is reached 
and switching occurs again. 

When a high-frequency signal is applied 
a t  the circuit input, each positive peak will 
cause a small increase of current in Q,. If 
Dl is almost ready to switch when a cur- 
rent increase occurs in Q,, the switching of 
Dl atid the positive peak of the input signal 
occur coincidently. (The increase in Q1 
current will cause Dl to switch.) When 
the free-running frequency of Dl D2, and 
L, is such that one of several input signals 
always causes Dl to switch, the T D  multivi- 
brator circuit will be in synchronization with 
the input signal. Since tlie TRIGGER S E N -  
S I T I V I T Y  setting influences the free-run- 
ning frequency of the circuit, it can be 
adjusted to achieve optimum synchronization 

E signal 1 = . For a 10-mV signal, I 
R input 

becomes - 'lV or 0.2 mA. An increase 
50 9 

in current is required to switch D, so the 
circuit responds to positive signals only. 

When triggered operation is desired, R, 
is set ccw of center (less than 5 k a ) .  
More current is furnished to the trmsistor 
collector by R,, Rr - perhaps 2.7 mA. The 
additional 0.2 mA through R4, Ri subtracts 
from the current in tlie TD.  The T D  is 
biased at  0.2111A below peak current or 
9.8 mA. A positive 10 mV signal will cause 
an increase of current in Q1 of 0.2 IIIA and 
the T D  will switch. The TRIGGER S E N -  
S I T I V I T Y  control is usually adjusted so 
that the current requirements of Dl  are  
compatible with the input signal. 

When synchronized operation is desired, 
Dl  is made to free-run by reducing the shunt 
current through R,, R;. (Re is adjusted 
fo r  greater than 5 k0.)  Dl  current increases 
to greater than peak current and Dl,  D1 
and L1 act as an oscillator. The oscillat- 
ing frequency is influenced by the addi- 
tional current through Dl, D. and L1 when 
the resistance of Re is increased. As  cur- 
rent increases, frequency decreases because 
even though the time constant remains the 
same, a longer time is required to switch 
the additional current from Dl to D?. 

Figure 14 Waveform photo showing a 200-MHz 
input signal on the upper trace and 
the synchronized switching of the TD 
circuit on the lower trace. 

The photo in Figure 14 shows the 200- 
M H z  input signal on the upper trace and 
tlie synchronized switching of the T D  cir- 
cuit on the lower trace. 

The obvious advantages of this type of 
trigger circuit are : 

The circuit is very sensitive to small 
input signals. 

The circuit can be made to oscillate 
and produce a trigger in the absence 
of an input signal. 

I n  synchronous operation, high-f re- 
quency input signals can be converted 
to a more useable frequency. 

The T D  circuit operates at  low power 
levels so radiation interference is cor- 
respondingly low. 

In  the interest of simplicity tlie influeiice 
of tlie usual hold-off circuitry has been 
deliberately ignored. By adjusting circuit 
values in Figure 13, current in Q1 has been 
increased to include T D  bias current nor- 
mally supplied by the hold-off circuitry. 



A Type 580/580A Series Oscilloscope in 
combination with a Type 82 Dual-Trace 
Plug-In Unit has eight gain ;djustments 
which must be adjusted in the proper se- 
quence to  realize optimum vertical-amplifier 
perfortnance. These eight gain atljustnients 
-five potentiometers and three solder-in 
resistors-are necessary to compensate for  
the effects of parameter variations of tran- 
sistors and tubes. Before we outline a sys- 
tematic step-by-step procedure by which 
these atljustnxnts are  made, we should point 
out that the three solder-in resistors are 
selected tluring the initial factory calibration 
of the Type 82 and Type 580 Series Oscil- 
loscope-they evil1 very seldoii~ require 
changing. However, to make a cotnplete 
story, the selectiou procedure for each of 
the three solder-in resistors has been in- 
cluded in the adjustment procedure. The 
adjustment procedure was written with the 
Type 581A and Type 585A Oscilloscopes 
in mind. Certain notes have been added to  
~nalte the procetlure equally useful for the 
Type 581 and Type 585 Instruments. 

The step-by-step gain adjustment proce- 
dure which follows is intended to delete one 
step in the Calibration section of the In- 
struction Manuals for the Type 580 Series 
Oscilloscopes and to replace one step. The 
steps deleted and replaced will depend upon 
whether the calibration procedure you are  
follo\ving is for a Type 581, Type 585, Type 
581A, or Type 585A Oscilloscope. If your 
Instruction Manual is for a :  

Type 581, delete step 15, page 6-8; re- 
place step 16, page 6-9. 

Type 585, delete step 15, page 6-9; re- 
place step 16, page 6-10. 

Type 581A, delete step 11, page 6-6; re- 
place step 14, page 6-6. 

Type 585A, delete step 11, page 6-6; re- 
place step 14, page 6-7. 

The Type 580 Series Iudicator (Oscillo- 
scope) deflection factor (Volts/cm) must 
first be verified before using the indicator 
for  plug-in calibration. 

Adjzutii~ent of the Type 580 Series Indica- 
tor Gain: 

1. Install a Type 84f Plug-In Test Unit in 
the Type 580 Series I~ldicator. 

N O T E :  If a Type 84 Plug-In Test Unit 
is not available, a Type 82 Dual-Trace 
Plug-In Unit cau be used to provide the 
push-pull signal required-see Step 4-c. A 
second calibrnfed scope is the instrument 
you would choose to verify that the Type 
82 Plug-In was delivering 100 ~nillivolts 
peak-to-peak to the input of the indicator. 

2. Set the Type 84 DISPLAY SELEC- 
T O R  to CAL (2 c n ~ ) ,  ALT. SYNC and 
free run the sweep. 

3. Rotate the Type 580 Series Indicator 
Vert. Gain Adj. full clockwise (RlOl5).  

4. Check the gain limits : 
a.  If the deflection is less thau 2.3 cm, 

the 6DJ8's on the upper vertical chas- 
sis and/or the 7788 C R T  driver tubes 
may need replacements. (Type 581 & 
585 used a single 7699 C R T  driver 
tube.) 

N O T E :  Typical voltage gaius for each 
of the three sections of the vertical am- 
plifier will be useful in determining if 
tubes should be replaced for insufficient 
gait?. Typical gains are :  

Delay Line Driver section (lower vertical 
chassis) X3 gain 

Vertical O u t ~ u t  section (upper vertical 
chassis) X5 gain 

C R T  driver chassis X3 gain 

11. I f  the C R T  deflectiou is greater than 
2.5 cm, add a 2\17 180-R resistor 
(R1016)* between the Vert. Gain Adj. 
pot (R1015) and the cathode bus wire. 
(111016 replaces a wire strap.) Until 
Type 585A, sn 10870, R1016 was usu- 
ally 0 Sl (wire strap) ;uld not listed in 
the nianual. If G E  6DJ8's are used in 
the vertical amplifier, gain may be ex- 
cessive-requiring use and selection of 
R1016. R1016 can have any value be- 
tween 0 S2 and 200 R. 

c. Vary the line voltage from 105-125 
V AC. With marginal tubes, the C R T  
display will shift vertically about 1.8 
trim and the peak-to-peak deflection 

will change about 2 n m  (10%). With 
new tubes, line voltage variation will 
cause virtually no vertical shift or gain 
change. Return the line voltage to  117 
V AC. 

N O T E :  \Vith a 2-cm display and 
change of line voltage from 105-125 
V AC, vertical trace shift of 0.5 cm 
and a peak-to-peak deflectiou change 
of nearly 1.0 cm can be expected on a 
Type 585 which has not been modified 
by installation of kit M0-0303-00 (Ver- 
tical DC Filament Supply Modifica- 
tion Ki t ) .  

Type 585A should not produce 1.0 cn1 
of C R T  deflection when 100 tnV of 
peak-to-peak signal is differentially ap- 
plied to the indicator between pins 9 
and 11 of the Amphenol connector. A 
Type 82 or 86 Plug-In Unit develops 
a differential (push-pull) signal at  
these pins. 

Adjus t i~~ent  of flte Type 82 Gain : 

Remove the Type 84 Plug-In Test Unit 
from the indicator and install the Type 82; 
allow 10 to 15 minutes warm-un time. Per- 
form all manual checks aud adjustments 
pertaining to gas, microphonics, position 
range, and grid current before starting the 
gain adjustments. 

N O T E :  Prior to sn 3000, the Gain Bal. 
Adj. pot was in Channel B instead of Chan- 
nel A and designated R277. For these early 
Type U s ,  Steps 1-5 should be perforn~ed 
in Channel B ;  Step 7 should be performed 
in Channel A. 

1. Set  Channel A and B VOLTS/CM to 
0.1, VARIABLE VOLTS/CM clockwise 
and M O D E  switch to A only. 

2. Apply 0.2 V from the Type 585A cali- 
brator ( & 3 % )  to the A Channel input. 

3. a. Vary the line voltage from 105-125 
V AC. If the change in C R T  deflec- 
tion is 5-10% greater than the change 
noted in Step 4 c of the Type 585A 
adjustment section, replace the three 
output 6DJ8's in the Type 82. 6DJ8's 
with low transconductance will reduce 
the gain of the Type 82 output ampli- 
fier as much as 10%. 



Mechanically center tlie front  panel 7. T u r n  M O D E  switch to Channel B only, you can quickly ; i d  safely make non- 
X l  G A I N  ADJ.  control. Rotate the clnnge the calibrator signal to Channel tlestructi\.e tests to tletcrmine if the tran- 
G a i n  Bal. Adj.  (R177),  located on the R :tnd adjust the 1 1 0  Gain Adj.  (R456) sistor is functioning properly. T o  do this 
circuit  board assembly near Channel A for  exactly 2-cm deflection. you ~ ieed  only to know \vhetlier the tratl- 
-4ttenuator switch. If the range is not 
approximately a 3 utm (nominal 2-cm 
C R T  deflection), select and install a 
n e w  value of R55O.* Typical range of 
R550 is 10 R to 68 R. 

Change  tlie 0.2-V calibrator signal to 
Clmnnel B, M O D E  switch to B only 
( f r o n t  panel X 1  G A I N  ADJ. is still 
mechanically centered), and select 
R262* for  approximately 2-ctii C R T  
deflection. Reducing the value of R262 
wil l  increase the C R T  deflection ; 
typical range of R262 is 390 R to 1.5 
l;n. (R262 is in narallel with R267 

i T h e  Type 84 designation for  the Plug-In 
Test  unit for the Type 580 Series Oscillo- 
scopes has been cIiaud,ed to a Tekt ronis  
part number - 067-0523-00. This  part num- 
ber, rather than the Type 84 designation, 
should be used in ordering or  referr ing to 
tlie Type 580 Series Oscilloscopes Plug-In 
Test  Unit. 

* T h e  resistors identified by an asterisk 
a r e  the three solder-in resistors that along 
with five potentiometers comprise the eight 
gain adjustments with which this procetlure 
is concerned. 

sistor is an N1'K or P N P  t?pe, which 
leads go to the emitter, the base and tliP col- 
lector, :uid ho\v to set up the Type  575. 
(Pxges 2-5 and 2-6 in the Operating In-  
structions section of the Type 575's Instruc- 
tion Manual contain information on  how 
to set up the Type 575 to display n family 
of curves.) 

The  Beta of most transistors is usually 
I~etween- 10 and 200. Therefore, a vertical 
mA/division setting of about 20 times tlie 
amount of hase current per step will usually 
produce a display of :I typical-looking family 
of curves on the C R T  of the Type  575. 

and, I £  present, is located on the circuit ' I  S 0 ' 1  ' I  X \ \  ' I  I I  Puttmg 11 In t a r n s  of front-panel controls 

board  assembly ne:ir R :tttenuator ' I  I 57.5 ' I  \ S S r O 1 -  1 I f o r  tlie T j p e  575, the C U R R E N T  O R  
switch ) ' I  1 \ \ \ I  ' 1  ' 1 0  1 - 1 7 0 L T A G E  P E R  D I V I S I O N  s w ~ t c h  (lo- 

4. a. Adjus t  the X 1  G A I N  ADJ.  for  ex- 
act ly 2 cm of C R T  deflection. 

b. Change the 0.2-V calibrator signal to 
Channel A, M O D E  switch to  A only 
and adjust the Gain Bal. Adj. fo r  
exactly 2-cm C R T  deflection. 

5. Wit11 the calibrator signal still applied 
t o  Channel A ,  change tlie G A I N  switch 
t o  X I 0  and the calibrator signal to 20 
111V. 

6. A d j u s t  tlie S 1 0  Gain Adj. (R356) for 
exactly 2-em deflection. 

Usually when a transistor fails one junc- 
tion becomes shorted o r  open. Quick checks 
for  opens or  shorts can he made on suspect 
transistors by using :t Type 575 Transistor- 
Curve Tracer to determine whether :\ typi- 
cal family of curves cat1 be produced. Near-  
ly every transistor can stand a collector volt- 
age of about 2 volts without d:uiger of 
1)re;tl;tlown; :uitl, base current drive of up 
to 100 n~icroamperes will almost never ex- 
ceed dissipation limits with only 2 volts on 
the collector. So, by limiting tlie collector 
voltage and tlie base drive on the Type  575, 

cated in tlie Vertical block) sl~ould l ~ e  set 
to a value on the C O L L E C T O R  m A  range, 
that is 20 times the value of tlie m A  P E R  
S T E P  setting of tlie S T E P  S E L E C T O R  
s\iitch (located in the R a w  Step Generator 
I1lock). 

Froui  an instrument troul~leshooting stand- 
point, the Type 575 is a valuahle tool. Tran-  
sistor characteristics can be easily matched 
for  use in push-pull solid state amplifiers. 
Verification of tunnel diode, zener diode, 
:mtl signal diode c11;iracteristics is :L r e k -  
lively sitnple task. For  ntaintenance activ- 
ities, it proves to be quite n time saver. 

Installation of this modification enables 
the T y p e  316 and Type  317 Oscilloscopes 
to operate f rom a 50-to-400-cycle po\iTer 
source. The  kit supplies :I D C  fan  assem- 
bly and tlie necessary liartl\vare and compo- 
nents along with step-by-step instructions 
for  easy installation. 

O r d e r  through your local Tektronix Field 
Office,  Field Engineer, Field Representa- 
tive, o r  Distributor. Specify Tektronix part 
number 040-0228-00. 

This  modification replaces the selenium 
rectifiers originally used in tlie power sup- 
plies of the Type 316 and Type 317 Oscil- 
loscopes with silicon rectifiers. T h e  new 
rectifiers o f fe r  more reliability and longer 
life than selenium rectifiers. 

Ortler through your local Telctronix Field 
Office,  Field Engineer, Field Representa- 
tive, o r  Distributor. Specify Teli t ronis  
part  number 040-0212-00. 

Tliis modification is applical~le to Type 
422 Oscilloscopes, A C  po\vered only. I t  is 
not applicable to Type 122 instruments with 
.4C/DC Battery Power Supply. 

Tlie motlification supplies :ui R422 R a c k  
mount Assembly for  r:lcl;niounting the 
Type  422 Oscilloscope. This  assembly has 
two oscilloscope compartn~ciits. \\'it11 this 
arrangement, two Type 422 Oscilloscopes 
can Ile mounted side-hy-side in tlie snnie 
relay rack. O r ,  one Type 422 may be rack- 
mountetl in either the right o r  left com- 
partment, leaving tlie rem;tining coni~xtrt- 
ment to be used for  storage of nccessories 
o r  other equipment. X con\.enient pulldown 
door is provided for  tlie stor:tge comp:trt- 
nient. 

Tlie kit also includes tlvo Rackmount 
Rear Support 11r;tcIiets ~vit l l  instructions for  
their instal1:ttion. Tliese I~rackets  a re  rc- 
quiretl n.lien t ~ v o  Type 422's a r e  rack- 
tnountetl Gde-l~y-side. \\'lien properly in- 
st:dled tlie t\vo R:tcbntount Rear  Support 

11r:~ckets cn:\l,lc tlie Type 422's to  ~vitli- 
st:tiitl :In environmental shock o r  vil)r:\tion 
a s  tlescril~etl in the C1i:tracteristic section 
of the Type 11422 Instruction Manual 
( p g e  1-3). Tf only one instrume~it  is 
r:tcl;~nountcd, support to the storage com- 
p:trtnient side of the :tssembly is not re- 
cluired. 

The  ;tsseml~letl 11422 Raclaiiount Assem- 
h1y niay he installed in any st:undartl 19-inrli 
open or  closed relay rack. 

'Tlie slide-out tracks used on the Type 
472 consist of two asseml)lies, one for  the 
right sitle ant1 olle lor tlie left sitle. Each 
:tsseml~ly consists of three sections. T h e  
st:ition;iry section attaches to tlie rack, the 
cll:mis section ;tttaclies to lhe surrounding 
instrunient frame, and the intermediate sec- 
tion fils I)et\vcen the otlier txvo sections. 
Tliis allows the instrument to he pulled 
forward and extend out of tlie rack. 

Ortler tllrough your local Tel;tronis Fieltl 
Office,  Field Engineer, Field Represent:t- 
tivc, o r  1)istril)utor. Specify Tekt ronis  
par-t  lumber 040-0419-00. 



A considerable number of varied forlns of 
Technical Publications have been produced 
by Tektronix during the past few years. 
The main purpose of these publications is 
to educate the customer in techniques unique 
to Tektronix, and thus, enable him to apply 
our products more usefully. They also pro- 
vide a fuller explanation of certain proce- 
dures and technical information lnentioned 
all too briefly in some Instructioi~ Manuals. 

The publication "Junction Functions" 
(061-0662-00) is no longer available. I t  has 
Ixen superseded by Programmed Instruction. 

Scopes No.'s 31 and 32, April and June, 
1965. A2273-1. 

Fmdamentals of Selecting atzd Using 
Oscilloscopes-A booklet designed to pro- 
vide abridged details of the entire Teli- 
tronix product range and how to select an 
instrument for a particular application. 
X2146-7. 

In  addition to these books several other 
specialized booklets are currently available. 
These are prepared in conventional text 
form and in the main cover specific applica- 
tions or techniques : 

Saiilpli~g Note.i-First published in 1962. 
Describes basic repetitive sampling tech- 
niques (N ,  3S76, 4S1, etc) . 061-0557-00. 

Some currently available booklets relate 
to Tektronix Instruments no longer in our 
product range. These will be of interest to 
customers who possess the instrument types 
concerned. Supplies of the booklets are 
rather limited. 

Much of the need for such a range of 
publications has been reduced because of the 
consitlerable impro\-emenls to, and exp:msion 
of material in many Te1;tronix Instruction 
Manuals. 

Storage to Picoseconds, a Survey of the 
Art-Reprint of magazine article, August, 
1963 Comparison of sampling and con- 
ventional oscilloscope techniques 061- 
0991-00 

Some Basic Circz~its Used in Tekfronix 
Instrzai~e~zts-Published in 1960, details of 
then current circuits-linown as  FIP-1.  
061-0139-00. 

PROGRAMMED INSTRUCTION 

The use of Progranlmed Instructiot~ is 
becoming quite widespread throughout the 
United States and many overseas countries. 
The Product Technical Information Depart- 
ment a t  Tektronix produces n range of such 
books. These are designed to be used as 
self-teaching devices to complete the train- 
ing (of an  individual who has some elec- 
tronic background) in the theory of opera- 
tion of Tektronix circuits. 

.Spectri(iit Analyzer Notes-A basic ap- 
proach to the use o i  analyzers. 062-0433- 
00 ddeaszwing the Angular Velocity and Ac- 

celeration Chamcteristics of Rotating 
Machines-1959, refers in the main to 
techniques involving the Rotan Angular 
Transducer-now discontinued. 061-0151- 
00. 

Sfmin Gage Measweiiient Concepts-A 
new b ~ ~ l i l e t ,  published in 1966, tlescribing 
basic techniqtles, circuits and applications 
to oscilloscope displays. 062-0710-00. 

So im Transistor Measztreii~ents U s i ~ g  the 
Type 575-Describes exact use of instru- 
ment with varied types of semiconductors, 
1959. 070-0192-00. 

567/3S76/3T77/6Rl Data Flow Dingraw 
-1963, interconnections and signal paths 
diagram using the 6R1-not the 6RlA.  
061-0938-00. 

A t  the present time eight programmed 
volumes are  available and four more will 
be added to the range shortly. Two further 
volumes are available published in conven- 
tional test-book form. 

Typical Oscilloscope Circuitry-A 300 
page book analyzing basic Tektronix cir- 
cuits in use up to 1964. 070-0253-00. 

Using Your Oscilloscope Type 535/45- 
1958, not "A or B" series. FIP-1. 070- 
0185-00. Details are as follows: 

Magnetic Ink Character Recognition- 
Published in 1962, this booklet describes 
the oscilloscope displays derived from 
Magnetic Ink readers. 070-0283-00. 

Order 
Semiconductor Series Part  Number 

A Primer of Wavefomis and Tlzeir 
Oscilloscope Displays-1960, basic wave- 
form analysis, simple circuit discussio~l- 
FIP-7851. Refers to obsolete instruments 
and publications but still a good training 
guide. 070-0190-00. 

Volume 1 Basic Theory 062-0023-00 
Volume 2 Diode Devices 062-0112-00 
Volume 3 Transistors 062-0067-00 
Volume 4 Circuit Analysis 1 062-0216-00 
Volunle j* Circuit Analysis 2 062-0217-00 
Volume 6** Reference for 

Vol's 1 and 3 062-0422-00 
Volume 7** Reference for 

Vol's 4 and 5 062-0432-00 

Rnclz~i~oztnting Instr2tctions-l96I, infor- 
mation concerning the installation of the 
majority of Telitronix instrun~ents in 
standard 19" (48.5 cm) racks. 070-0440- 
00. 

Using Yoztr Oscilloscope Type 535A/ 
545A-1959. 070-0239-00. 

Operational Amplifiers and Tlzeir Appli- 
cations-1965, detailed techniques and 
uses. 070-0526-00. 

Maintenance and Calibration of Type 
5454 Oscilloscope-070-0282-00. 

Analysis of Passive Order 
Networlcs Par t  Number 

Volume 1 DC Equivalent 
Circuits 062-0605-00 

Volume 2 A C  Theory 062-0606-00 
Volume 3 Integrators 062-0607-00 
Volume 4 Dif f erentiators 062-0608-00 
Volume 5* Circuit Application 062-0609-00 

For price and availability details con- 
cerning all the above described publications 
and any other Technical Publication origin- 
ated by Telitronix, please contact the Tek- 
tronix Field Office, Distributor or Repre- 
sentative in your area or write to :  

Oscilloscopes at Walk  No. I-Measure- 
inelzt of Higlz Cwrent Forxwd-Reverse 
Recovery Tiiiles in Signal Diodes-Tech- 
nique utilizes Tektronix sampling system. 
A2271. 

Oscilloscopcs at  Work ATo. 2-Measztre- 
m n t  of Shoclz Imparted During Drop 
Test-Using a storage oscilloscope. A2270. 

International Marlieting 
Tektronix, Inc. 
P .  0 .  Box 500 
Beaverton, Oregon 97005 

Time Domain Order 
Ref lectometry Par t  Number 

Volunle l* 062-0703-00 
Volunx 2" 062-0704-00 

Oscilloscopes at  Work No. 3-Monitor of 
Cortical I?i~pednncc During Periodically 
Increased Sti?,~~4lntion-Usitlg 564/2A63/ 
2B67 and 160 series generators. A2277. Tektronix Limited 

P .  0 .  Box 36 
St.  Peter Por t  
Guernsey, Channel Islands 
British Isles 

* Not presently available. T o  be added to 
the range in the near future. 

Getting Acquainted zwitlz Spectrztin Ana- 
lyzers-A basic approach to analysis, re- 
printed f rom articles appearing in Service 

** Available in conventional textbook form 
only. 







Th6venin's tlieoreni is one of the niost find it a most useful tool for analyzing 
useful extensions of Olim's law ever tle- and understanding electromc circuits. The 
vised. I t  is, however, a theorem most cliffi- theorem is a general tra~isformation which 
cult to  present in a statement that enables reduces any combination of active and pas- 
the reader t o  readily understand and easily sive circuit elements to a simple equivalent 
apply its principles. For  this reason perhaps, circuit consisting of a voltage source in 
some college courses in electrical engineer- series with a11 equivalent passive element. 
ing d o  not delve into the theorem in any I t  is a general tlleorem applicable to a11 
depth until in the senior year. combinations of passive circuit elements. 

Once the electronics student or technician LXTitIi Thivenin's tlieorem, one can re- 
does understand ThCvenin's theorem, lie will place any portion of a circuit with a voltage 

source antl an  itiipedance in series, provided 

the portion replaced has only one pair of 
terminals. The voltage source in the 

Th6venin's equivalent circuit will have a 

value equal to the open circuit voltage ap- 
pearing a t  the pair of terminals, and the 

series impedance will be the impedance 
that \~ou ld  be seen looking into the pair 

of termilials with all energy sources turned 

off and shorted. 

ference bet\\-een thesc two points. Thus in 
the circuit in Figure 1, 

If \ve assume we are using ideal Intteries 
for our "jiood solid voltage supplies" we will, 
of course, have zero impetlance within the 
volt:~ge sources. Looking 1,ack then into tlic 
circuit from our selected reference points, 
through the resistors to the zero impedance 
point, we \\-ill see :ui impedance made up of 
tlie p;unllcl resistance of the two divider 
resistors and this impedance becomes Z~I,. 
Thus in the circuit in Figure 1, 

Accordinx to T1ii.venin's theorem, these 

Let us define V,,,, niid Z1,,. Since ground 

- 
Figure 1 .  A simple circuit consisting of ideal  voltage sources ( n o  internal  impedance) and  resistors. tl\-o units, V O ~  and Zth, will be seen in series 

when used as n subst~tute ior  our simple cir- 
cuit, see Figure 2 

In this nri ter 's  opinion, one of the niorc App:u-ciitly the first tli~ng we need is a 
undcrst:lnd;il~le presentations of ThCvcninJ\ 11ne:ir netuorli of impetl:uices and geiielators 
theorem is put f o ~  t l i  1)) Phillip Cutler in T o  keep ~t \implc, vie will usc ~esistors for 
his lmoli "Electronic Circuit Analysiq, Vol- the impetl;i~ices and ::ootl solid voltage sup- "7 
time 1, P;issi\e Networks".' On the hot- plies for tile generators Our circuit might 
tom of page 18 Cutler writes, "1-5 Th6veii- the11 look Itlie the circuit in Figure 1 
in's Tlieoretn TI~Cvenin's theorem states 

Cutler's qtatcment of T1ii.vcnin1s tlieorcni 
that :m! I~nenr network of impetl:uices antl 

next \a)\ we must \ I C \ \  this circu~t irom 
generato~s,  if vicuetl from any t u o  points 

trio points in tlic nct\\oili; let us select for in tlie net\vorli, can be replaced 11y an equiv- voc=20v 

thew tlvo point\, tlie g~ountl  ;ind common 

*Copyriglit 1960 @ McGi-a~-Hi l l  Book is one point of reference and the common 2. Th/evenin,s equivalent of the in 

Compniiy, I~ ic . ,  Nelr Yorli, Toronto, London lead tlie other, V,,, becomes the voltage dif- Figure 1 .  

;dent voltagc source V,,, antl l,y an  equiv:i- 
lead :it polnt A Next it tells us that lent imped;ince Ztl, 111 series". 
Tli6venin po~ntcd out v e  can malie a sub- 

\\'e will take a look at  the mechanics by stitutioll for  {lie coll,I,lex net\\.orli lllatlc 
20v 

- 
\~liicli this is :ichievetl in a moment; but ;I single voltngc iource (,r~lic~l lie 
beiorc n c  do, let us see \\lint tills prcsenta- c a l l e ( ~  I-,,,) a slnglc resistance 
tion actually s a ~ s .  (which Ire called Ztl,). A - - - 



Figure 3. Transistor with a split collector load.  Figure 4. Th6venin's equivalent o f  the circuit i n  
Figure 3. 

VOLTS- 

Figure 5. Load l ine drown on the collector curves for the transistor in Figure 3 showing where the 
transistor is operat ing in that circuit. 

Now let us put tliis idea into tlie practical 
framework of a real circuit. 

Figure 3 shows :I transistor with a split 
collector load. Let us assume we have the 
collector curves for tliis transistor and we 
would lilic to draw in the 1o:itl line to obtain 
an itlea of wlierc tlie transistor is oper:tting 
;1nd how we c:un expect it to perform in tliis 
circuit. \\;e now need to know what the 
effective V,,. is and liow n~ucll resistance 
is in the actual effective RI,. Applying 
Thtvenin's theorem, V., turns out to be the 
V,,, ant1 131. l~ecomes the Zt,, of the tlieorem, 
thus the Tli6venin substitute for the circuit 
in Figure 3 would be the circuit shown in 
Figure 4. \\'e can now draw in tlic load line 
for tlie transistor as shown in Figure 5. 

Naturally, the more cotuplex linear net- 
\~o r l i s  will require :I l i t  more figuring and 
will establish the reason for labeling T11i.v- 
enin's voltage as V,,., or open circuit voltage, 
rather than calling it the unloaded divider 
voltage or something else. Ilo\vever, as you 
have just seen, tlie figuring will involve only 
some very hasic m:~thematics with wliicll the 
electronic technician is (or slioultl be) very 
familiar. There are other methods of ana- 
lyzing complex linear circuits ; hut, they 
involve simultaneous ecluations which are 
time consuming; and, beyond the scope of 
this article. 

As  an example of a more coinplex cir- 
cuit,' let us consider the circuit in Figure 6. 
The procedure, when using Tlitvenin's 
theorem and analyzing a conlplex circuit, 
is to progressively apply the tlieorem to por- 

Figure 6. Illustration o f  a circuit a b i t  more complex than the  o n e  shown in Figure 1 .  tions of thc circuit until all elements of the 

3 



circuit I~ave  been considered. If in Figure 
6 t h ,  wc break the circuit at  point "A", 
we can solve for  V,, and Zt1, up to this 
point. In  the interests of clarity, let us 
call the open-circuit voltage and impedance 
up to this point V,,, and Ztl, , and tlie open 

1 i 

circuit voltage and the impedance of the 
entire circuit V,, and Ztl,. 

t t 

Thus  

F i g u r e  7. ThBvenin's equivalent for that portion of the circuit in Figure 6 up to point "A". = 10V 

T h e  Tli6vcnin equivalent then, for  that 
portion of the circuit in Figure 6 up to point 
".\", is the one sho\vn in Figure 7. 

\\.c can no\v rcdr;t\v tlie circuit ill Figure 
6, replacing that portion of tlie circuit up to 
point "A" xvitli its Tl~dvenin cquiv:llent. This  
gives us tlie circuit shown in Figure 8. \\re 
can no\v apply Thdveiiin's tlicorem to this 
c i rcu~t  :und obtain our original objective; ie, 
;i complefc :ln:~lysis of tlie circuit in Figure 6 

Figure 8. The circuit in Figure 6 redrawn with portion "A" replaced with the Th6venin equivalent. 
Thus  : 

T h c  open circuit voltage (V,,) and tlie 
impedance (Zit,) then for  tlic circuit in 
Figurc 6 IS 17.5 V :md 2 6 I;, respectively, 
:111tl tlic Thdvenin equivalent c i r c u ~ t  is the 

Figure 9. ThBvenin's equivalent for the entire circuit in Figure 6. one sho\vn in Figure 9. 

4 



From the foregoing, it should be apparent 
that in analyzing co~i~plicated circuits me 
open tlie circuit so that  we  consider only t\vo 
supplies xitl their resistances a t  a time. Look 
at the circuit in Figure 10. Here  we would 
open the circuit at point "A", take V, antl 
R1 :ind V: and R: and simplify them into 
one voltage supply ;uid its series resistatice. 
T o  this we would add the liest supply antl 
its series resistance, apply the procedure of 
Thbeni i l  and find this nexv equivalent, :uid 
so  on, until we liatl simplified tlie entire 
circuit. 

It is not difficult to use TIiCvenin's 
theorem once you understand it. \Ve hope 
that in this article we have given you :i 

Ixtter u n t l e r s t a ~ i t l i ~  of tlie theorem antl n 
new tool for circuit analysis. 

Figure 10. W h e n  using ThBvenin's theorem to ana lyze  a complicated circuit, open the circuit so that  
only two supplies a n d  their associated resistors ore considered a t  o time. 

' I f  the principal spot velocity component is 

vertical. This chart was computed for 10.90% 

risetime displayed a t  about 55' ongle from the 

horizontal and  for sinewaves having a peak  to 

peak amplitude about 3 X  the  width of one  

cycle, to minimize the effect o f  the spot velocity 

vector introduced by the time-base. 

HO\\. TO USE TI-IE CHART 

Use any t\vo factors to f intl tlie tliirtl. 
l<.u7111plr I : Determitie \\-hat oscilloscope/ 

camera system is required to  pliolograpli, on 

:t single-shot l m i s ,  :i display of 100 MI-Iz 
sine\v:tves on 6 cm Iiigli. 

Reading up iron1 100 MI-Iz ant1 across 
from 6 cni, \vc iintl the intersection to be 
somewhat I~eyontl 1000 cm/ps dingonal. If 
tlie f;istesl recordin::- system ;~v;tilnble lins n 
single-shot \\riling speed of 300 cm/ps, it 
l~econics evident from the chart that the 
m:isi~iiutii :implitutlc o i  100 MHz sinc\v;tves 
that c:m he fully recorded is a l~out  l c m .  
1-:u.ger ;im~)litutles may record at  tlie pe;il;s, 
I ~ u t  not at  the "zcr-o" crossing. 

13.vc1iilple 13 : A storage oscilloscope having 

:I single-sliot writing speed of 1 cm/ps is to 
be used to tlispl:~y a single trmsient  having 
:I risetime of 200 11s. \\'list is tlic maximum 
amplitude that will a l lo~v  the entire leading 
edge lo  he stored? 

I?e:itling tlo\vn fro111 0.2 ps (notc that 0.2 
ps ~voultl Ile to tlic Iclt  of 0.1 ps) to intersect 
\\-it11 the l c m / s  line, \ve find that about 
2 iiim is the rn;\siiiium 100% amplitutle that 
\vill :tssr~re storage of the 10.90% risetime 
\vitli ;I sitiglc s~vecp.  Ho\vever, if gaps in 
tlie trace a rc  allo\v;ible, n h g e r  :mplitutlc 
may be ;~ttetiiptetl. 



T Y P E  \V H I G H - G A I N  D I F F E R E X -  T Y P E  122 O S C I L L O S C O P E  WITI-I I R E  units aljovc or  I)elow its tiorinal level. 
T I A L  C O M P A R A T O R  UNIT-CALI- B;\TTERY P A C K  - B:\TTERY P.ACI< T h e  solution to the prol~lein is :  
B R A T I O X  I N F O R M A T I O N  \;OLTAGE C H E C K  1. In the S ~ v c c p  Trigger circuit of tlie Type 

Level  R280, on page 5-3 in the Type \A' 
Uni t ' s  Instruction M a ~ ~ u n l .  In step "a," you 
a r e  instrr~ctcd to connect :t V O N  between 
t h e  emitter and connector leads of Q184. 
T h e  problem is that the manunl fails to 
point  o ~ t t  that there is :i test point installed 
in t h e  cer:umic strip nearest the amphenol 
connector in the Type \\I Unit and this test 

tliotle (Telctronix part number 1.52-0061- 
00) to tlie c;ithode lead of D32. 

3. Cotuicct the c:ltliotle 1e:ltl of the new diode 
to grorintl. 

4. Install a 560 1; T/2  \\i, resistor (Telctronix 
pnrt nriml)er 315-0.564-00) Ixtween tlic 
junction of.tlie t\vo diodes : i d  the -140 
\ - c...,>. XI.. . . 
\ .>"1'1". 

point  is a t  the emitter lend of Q184. Some (Figure 4 is :I ptrtial schematic showing the 
in  attempting to  perform this step ;ire mis- 
takenly connecting to  the top of 11281. T r y -  
ing to  x i jus t  fo r  6 volts differential hetween 
this  point and the collector of Q l 8 1  xvill lead 
to  frustration. T h e  reading will never be 
less than approxitnately 9 volts. The  re- 
quired reading n l t~s t  be made directly be- 
tween  the emitter and collector leads of 
(2184. Figure 1 shows a \ iew tlirough the 
r e a r  prune1 of the Type  \\i Unit. T h e  points 
t o  which the V O M  must be connected \\hen 
adjust ing the D C  level of R280 a r e  clearly 
itlentif ietl. 

Figure 2. Type 422 Oscilloscope 3-ampere fuse 
holder with the thin-shell back pierced 
to ollow insertion of a VTVM lead. 

1-iere is ;I simple nictliod for  checlcin~, 
under norm:il load conditions, the c lnrge  re- 
maining in the lx~ttery pack of ;\ Type 422 
Oscilloscope. 

First  motliiy the 3-;\inpcre iuse I~oldcr 1,y 
pierciiig :i hole tliru the tlii11-shell I):iclc (see 
Figure 2) .  The  thin-shell is composed of ;1 

1)l;tstic m:~tcri:\l :i~id ( ~ u i t e  e:\sily pierced with 
a metal scril~e. T o  chccli the Ixittery volt;lge, 
turn t l ~ e  PO\\:ER M O D E  switch to the 
TNT 13.4TT. position, turn the front p : u d  
IiO\\?3i switch to O N ,  :lnd insert one Ic:itl 
of a V T V M  in the hole pierced in the 3- 
ampere iuse holder and connect the other 
1e:itl to gror~nd.  

This  inetliotl nllo\vs ;in : w a r a t e  chcclc o i  
I):ittery-pack vollagc without removing the 
1);icl.r o r  po\ver supply from the instrmncnt. 

'TYPE 527 X S D  T Y P E  RM527 \\.A\.E- 

Figure 3. 

5. 111 the D C  liestores portion of the Verti- 
cal Amplifier circuit, cli;inge the c:ipacitor, 
C582, from a 100 pl: to a 0.0033 pF capaci- 
tor (Telctronis p:irt n u n ~ l ~ c r  283-0051-00). 
If the inslrument you :ire co~iccr~ied with 

is n Tvuc  527 \vith a scrinl numhcr below -. 

~i~~~~ 7 .  Arrows indicate the points to which FOTiM M O S I T O R S  - C S E  \VITI-I .4 743, o r  ;I Type RM527 with :I serial number 

the VOM must be connected when adjusting G E X E I I A L  E1,ECTRIC T Y P E  T\;83 l~elo\v 1190, \ve suggest you consult your 
the DC level of R280 .  D E M O D Y L A T O R  Tclctronis Field Engineer 1,eforc :ittempting 

T h e  following information coliceriis Type the :thove improvements. 
\Ye also call your attention to :t correc- 

5-77 ;und Type M I 5 2 7  Television \\.:ivefo~-m 
tion to S tep  22, Check Input A l000S At-  

Monitors loc:rtetl in television trnnsn1itte1- 
tenuator, on page 5-8 of the calibration I3ENT B N C  C O N N E C T O R S  

irist;\ll;ctions, :ind then, only ~vlien they a re  
procedure of the Type  \\' Unit. Change the 

used ill conjunction \vitli :\ Ge11cr:d Electric Occasiotially :L female R N C  c o ~ ~ ~ ~ c t o r  
information in your manual to ;igrce with 

Type T\-83 I1e1notluI:itor to monitor percent will encounter :in impact ;und I~ccome bent 
o i  modulation. so it is no longer rou~itl. Often you can 

to  a gre;iter-tli;ln-1ior111;1l v;iluc. This o w r -  driver end of :In Esccllite jf6, 3/16" nut 
ch;irge \vill exist for  ahout 2 111s. \\%ilc it driver mnlces an excellent tool for  straight- 
exists, tlie over-charge will dcacti\xte the ening it. Tile driver I n s  just the right Out- 
, . l r i g g e r  ;\rid 1-)C Restorer circuits in tlie side tlimensiot~ to :lllow its insertion in the 
Type 527 ;\lid Type RM.527. During this connector. Af te r  insertion, :I little judicious 
period, the l~lacl; level o i  the u :~vefor~i i  wol)l)ling \vill gener:illy r c t u r ~ l  the conneclor 
under observation will be displacetl about 30 to a usable condition. 



Service Scope Kumber 39, August 1966 
t1et:liled some of tlie Tclitronis Technical 
publications tliat are currently a\.nilnblc. \\'e 
arc listing more of tllese items below and 
also sotile information regnrdiiig Tcclinical 
Data which is obsolete and not ~ i o w  avnil- 
able. 

T E S T  SET-UI' CHARTS 

These cliarts are reprotluctions of tlie 
front p:mels of Telitronis Oscilloscopes 
(comhinctl with plug-in units \vlierc appli- 
calde). They enahle an operator to set up 
tlie front panel controls ior a particular dis- 
play or series of displays. Charts are avail- 
able in p;ltls of 100 for tlic following in- 
strument/plug-in arrangements. 

I N S T R U M E N T  P A R T  KUMRER 

422 
453 
502 
502A 
503 
531 
532 
541 
545i\/cx 
545A/R 
545A/Z 
547/1A1 
56l.A/2A60/2R67 
561A/3S76/3T77A 
567/3S76/3T77/6Rl 
567/3S76/3T77A/ORl A 
567/3A2/3R2/6Rl A 
570 
575 
.575/MOD 122C 
262 Program Cartl 
262 Aus .  Program Cartl 

T E C H N I C A L  A R T I C L E  R l i P R I N T S  

Service Scopc N u ~ i ~ b e r  35, Dccetnber, 
1965 c:~rrietl a list of reprints that were 
;~vailahle at  that time. Stocks of the fol- 
lo\ving xre no\v esliaustetl : 

Pulse R e f l r c f i o ~ ~ s  Pill II07~111 Disco~i t im-  
it ips 
Iloru fo  Get illore Out of YOIW S p e c f r i ~ i i ~  
A W I I ~ Z W  
Mensuriug the Cost of Progrnii~iiled In- 
strircfiolz 
I-lorci to Mcnsnrc High Czirreut Recoriuy 
L i ~ l c s  in Sigllal Diodes 
The following repriiits are available in 

addition to those shown in Scrvice Scopc 
Number 35. 

Currelit Mensicreiiicnts nt Arntrosecoi~d 
Speeds 1)y Murlan R. IGufman. E D N  
(Electronic Design News).  Octoher 196.5. 
Uses and applications o i  Tektronis High 
Frequency Probes and currcnt transform- 
ers. 

.;ldvanccs in Storngr Scofies by Donald C. 
Cnlnon. ELECTRONIC I S D U S T R I E S ,  
Felxuary 1966. A description of recent 
atlwnces in Tetitronis Bistahle storage 
CRT's and oscilloscopes. 

I?ltrrpreti~ig Spcc tr~ l i i~  r l ~ ~ o l g z o .  Displays 
11y Morris Engelson, MICRO\VAVES, 
J:inu;lry 1966. A review o i  typical displays 
illustrating tlie versitility o i  Spectrum 
A~ialyzcrs in microwave lueasurement. 

Mot~i for ing  of T'erticnl I ~ ~ t e r f i c l d  Test  
.Yignnls 1,y C1ia1,les Rliotles, J O U R S A L  
O F  T H E  S.M.P.T.E. (Society of Motion 
I'iclure :ml Tcicvision Engineers) Fchru- 
ary 1966. Methods of interpreting and 
displaying, with the nit1 of T e k t r o ~ i i s  T V  
\\.n\;eform Monitor, V I T  signals \d~icli  
permit continuous quality control of T\; 
sigmls. 

.Yolid State Oscilloscope Circztitry by Tek- 
tronis Enginecriug Staff ,  ELECTRONIC 
PRODUCTS,  February 1964 describes the 
development of tlie Type 617 oscilloscope 
circuitr): 

Tf'here to Use Stornge Scopc.s by Geoffrey 
Gass, E L E C T R O N I C  P R O D U C T S ,  
Xovembcr 1965. Six applicatio~is for the 
storage scopes slio~ving the display conven- 
ience avnilable with storage facilities. 

The following is a list of current publica- 
tions tliat slioulti be ordered instead of the 
ol~solctc publicatio~is sliown in the left-liand 
column. These obsolete publications may be 
available in limited cluantities hut, in 1110st 
cases, have not been up-tlated since 1960 or 
so. Those marked * are out of stock com- 
pletely. 

Tliesc reprints and publications arc offered 
on a first come first served hasis \\'hen 
quantitcs are exli:~usted they nil1 not be 
rcortlerctl 

For price and availability details concern- 
Ing all tlie above described publications and 
any otlier Technical Publication origitiatetl 
by Telitronis please contact the Telitronis 
Field Office, Distributor or Representative 
in your area or \vrite to  

International Marketing 
Tcktronis, Inc. 
P.O. Box 500 
Bcaverton, Orcgon 97005 
U.S.A. 

or 
Telitronis Limited 
P .O .  Box 36 
St. I'eter Port  
Guernsey, Channel Islands 
British Isles 





by Morris Engelson 
Project Engineer 
Tektronix, lnc. 
Beaverton, Oregon 

Reprinted from Microwaves, January 1966 issue 

Here i s  a portfolio of typical displays illustrating the versatility o f  spectrum 
analyzers in microwave measurement. By their clarity, these photos also pro- 
vide a standard for proper instrument and equipment settings. 

* - - - -  - .  - - - - - - 

A-2335 Tektronix Instrument Service Centers: There is a fully-equipped and properly-staffed Tektronix Instru- 
ment Service Center near you. Ask your Field Engineer about Tektronix Instrument Service Centers. 



Spectrum Analyzer displays illustrated in 
this article include : frequency stability 
(long- and short-term), amplitude modula- 
tion, frequency modulation, pulse modula- 
tion, ECM measurements, time-domain 
measuren~ents, balanced nlodulator adjust- 
ment,  antenna pattern measurements, video 
pulse spectra, and wide-dispersion measure- 
ments. 

I t  is assumed that the reader is reason- 

INTRODUCTION 

ably familiar with the operating principles ing Tektronix instruments: spectrum an- 
of the superheterodyne spectrum analyzer. alyzer plug-ins-lLl0, 1L20, 1L30, 3L10; 
Therefore, the accompanying discussion oscilloscopes-547, 519, 555, 564; time do- 
stresses the interpretation of the displays main plug-ins--lsl, 3B4; signal sources- 
rather than the procedures to generate them. 114, 183, 190, Figures 3 1  and 35 were takell 
For background reading, llowever, the aP- by George Thiess of Microwave Pllysics 
pended bibliography is suggested. Corp. 

All displays are  actual, unretouched pho- 
tos. Figures 1 through 33 were taken by In all photos each horizontal division is 
Russ Myer of Tektronix using the follow- one cm. 

FREQUENCY STABILITY stored tlisplap is convenient here because of oscillator. Total drift is now about 1 kHz, 
the extremely slow sweep speeds necessary an improvement of 6.5 :l. 

T h e  spectrum anal)ver can measure both to n;irrow-dispersion displays, Dispersion is 
long- and short-term frequency stability. 50 Hz/cm, resolution is 10 hertz and the 
But the measurement is limited by: input signal is 60 MHz. The test signal has hhfl~I.r'ruue MODULATION 

;i spectral width of about 150 hertz. This 
( 1 ) Spectrum Analyzer Stabilit)'. Obvious- is  eqLliva]ent to a stability of 2, j ppm. Modulation frequency and modulation per- 

Iv oscillator stability cannot be measured centage are the quantities usually desired 
if the unit under test is more stable than in an A M  measurement. Spectrum analysis 
the oscillators used in the spectrum analyzer I-ong-fprill  stnbilitY Here we show the is particularly useful in complex situations 

measurement of frequency drift as a func- such as nlulti-tone modulation or overmodu- 
(2) Resolution Capability. The analyzer's tlon of time The procedure depends on the 

I ' l L l U 1 1 .  

abilitv to determine the type and/or source characteristics of the spectrum analyzer . - 

of the instability depends strongly on the 
instrument's resolution bandwidth. For ex- 
ample, we cannot detern~ine whether an os- 
cillator is FM'ing at a 60 or 120 hertz rate 
when spectrum analyzer resolution is 500 
hertz. 

Shor t - t r r~ i l  stability. This measurement con- 
cerns fast frequency changes such as those 
caused by power-supply noise and ripple, 
vibration or other random factors. 

Figure 1 .  

Fig. 1 shows the random F M  characteris- 
tic of a 3-GHz klystron. Spectrum analyzer 
dispersion is 2kHz/cm and the resolution 
is I kHz. Oscillator F M  is about 10 kHz 
-equivalent to 3 ppin. 

used. One could photograph the screen at 
given intervais, and compare the position of 
the signal on the various photographs. If 
the spectrum analyzer has an auxiliary ver- 
tical output capable of driving a paper chart 
recorder, a permanent record can be ob- 
tained without photography. 

The use of a storage oscilloscope is even 
more convenient with the scope set on a 
single sweep and triggered at appropriate 
intervals, thus storing a complete record 
of drift on the CRT. 

Figure 3. 

For the storage-scope photo of Fig. 3, 
spectrum-analyzer dispersion is 1 k1-Iz/cm, 
;md the input frequency is 60 MHz. The up- 
per half of the screen shows the drift  of 
an unstabilized oscillator as it was heated. 
The oscilloscope was manually triggered at  
one-minute intervals. The drift was about 
2 kHz per minute during the first three niin- 
utes, but diminished in rate thereafter, be- 
coming nearly stable by the sixth minute. 
The total drift is on the order of 6.5 kHz 
or 108 ppm 

Temr~erature compensation can be com- 

Figure 4. 

Fig. I shows an overmodulated AM sig- 
nal. Note the characteristic A M  spectrum, 
consisting of a carrier and two sidebands, 
and the presence of additional, unwanted 
sidebands. Spurious sidebands, together with 
primary sidebands where amplitude is great- 
er than one-half the carrier (100% modu- 
lation yields sidebands which are one-half 
the carrier amplitude) positively identify 
overniodulation 

Figure 5. 

Fig. 5 shows the same signal, but with 
the modulation reduced to 50%. The dis- 
persion of the spectrum analyzer is 1 kHz/ 
c m ;  the vertical display is linear Thus, the 

Figure 2. puled easily since the amoullt ant1 direction modulating frequency is seen to be 1 kHz. 

A short-term stability measurement taken of drift is known. The lower half of the Since the sideband atnplitutle is one-quarter 

on a storage scope is shown in Fig. 2. A photo shows the drift after modifying the that of the carrier, the modulation is 50%. 



The same F M  signal appears in Fig. 8 
hut the dispersion has been retlucetl to 10 
lcl-iz/cm and the resolution is 1 kHz. The 
double-envelope display does not occur and 
the sidebands are clearly visible. Modula- 
tion frequency is 10 kHz 

There is no clear relationship between 
spectral width and deviation, since, in theo- 

1)een increased so that individual sidebands 
can be resolved. In all three figures, the 
signal has been adjusted so that the carrier 
is at  the center of the screen. 

Fig. 9 sho\vs a fairly large carrier. I n  
Fig. 10, the nlodulation frequency is in- 
creased and the carrier level has decreased. 
In Fig. 11, the modulation frequency is 
increased further so that a null occurs a t  
the nosition of the carrier. Since the ob- 

Figure 6. ry, the F M  spectrum extends to infinity. servetl lllotlulating frequency is 200kHz and 
Fig. 6 \\.as photographed at a dispersion But in practice, the spectral level falls cluite ,ince tile ol>servecl index of lnodulation is 

of 2 kHz/cm; vertical display is linear and raPi(Il? as shown in Fig. 7. Experience in- 2.4, the (levi:\tion is 480kHz. 
center frequency is 60 MHz,  Observe that dicates that the deviation is on the order 

the 60-MHz carrier is modulatetl at two fre- of % the observed spectral width. 
quencies; 1.6 and 7.5 kHz. Modulation is 
approximately 8.5% at 7.5 kHz and 20% at 
1.6 kHz. 

Overmodulation can be distinguished fro111 
two-tone modulation in two ways, evident 
by comparison of Figs. 4 and 6 :  (1) Spac- 
ing between over~nodulated sidebands is 
equal while two-tone sidebands are arbitrar- 
ily spaced; (2) The amplitude of over- 
modulated sidebands decreases progressive- 
ly fro111 the carrier, but amplitude of two- 
tone sidebantls is determined by the modu- 
lation percentage and can be arbitrary. 

FREQUENCY iMODULATION 

Very accurate deviation measurements 
can be obtained if the modulation frequency 
can he varied. I t  can be shown that for 
F M  the carrier goes to zero at a modula- 
tion index (ratio of deviation to modulating 
frequency) of 2.4; other nulls occur at  other 
motlulation indices-e.g., the second null oc- 
curs at an index of 4.8. 

This Icnowletlge is the basis of a very 
powerful deviation measurement method 
known as the carrier null method. Figs. 
9, 10 and 11 demonstrate this method. These 
figures were taken at  a dispersion setting 
of 200 kHz/cni and a resolution of 100 kHz. 

F M  n~easurements generally concern 111od- 
ulation frequency, spectral width, index of 
modulation and deviation. A typical F M  

Figure 9. 

Figure 7. 

spectrum is shown in Fig. 7. Dispersion is 
200 kHz/cm and the spectral width is about 
1 MHz. The exterior modulation envelope, 
typically resembling a cos2 curve, identi- 
f ies the frequency motlulation. The interior 
envelope appears on the screen because the 
F M  rate is of the same order as the ana- 
lyzer's resolution bandwidth. Consequently 
side bands are not resolved adequately and 
the trace cannot return to the base line at 

Figure 10. 

every pulse. 

Figure 1 1 .  

Xote that the spectral width is the same as 

generates a complex spectrum of the famil- 
iar sin s / x  type. For example, a square 
pulse generates a spectrum described by sin 
i;ft/i;ft, where t is pulse width and f is 
frequency deviation from the carrier. Fig. 
12 shows the spectrum of a 1-GHz carrier 
motfulated by a 0.67-,us square pulse. Ob- 
serve that the spectrum is entirely above the 
baseline, whereas Fourier theory indicates 
that adjacent lobes should be out of phase 
by 180 deg. This phenomenon occurs be- 
cause the spectrum analyzer is insensitive 
to ~ h a s e .  A second annarent inconsistencv . . 
is that while the spectrum should be ( in  
theory) solid, the display consists of ver- 
tical lines. This stems from the fact that  
the superheterodyne spectrum analyzer is 
not :I real-time device. I t  takes many pulses 
to trace out the spectrum. Thus, each ver- 
tical line represents the sampling of one 
pulse. 

Figure 1 2 .  

Now we can manipulate the spectrum- 
analyzer controls to determine the charac- 
teristics of the signal. In Fig. 12 the  
spectrum-analyzer dispersion is 1 MHz/cm 
and the vertical display is linear. F o r  a 
square pulse the theoretical pulse width  
t = l /fo,  where f, is the spectral sidelobe 
width. From Fig. 12, f, r=: 1.5 MHz. The re -  
fore t = 0.667ps. Assuming that the  ver- 
tical display is perfectly linear, we find 
that the ratio of main lobe to first side- 
lobe is 6:1.2. This is equivalent to 1 4 d B .  
More accurate tneasurement using the spec- 
trum analyzer's calibrated attenuators gives 
a ratio of 13 dB. Theoretically, the main 
lobe is 13.2 dB greater than the first side- 

Figure 8. in Fig. 7 but the modulating frequency has lobe. 

3 



Figure 13. 

Fig. 13 shows the same signal but with 
the dispersion set to zero. (This means that 
the sweep is only in time rather than in 
frequency; the analyzer is now a micro- 
wave receiver with a C R T  readout). The 
display is merely a set of equally spaced 
lines. Since each line represents a pulse, 
the pulse rate can be easily measured. Here 
the scope is sweeping at  a I-ms/cm rate;  
one cycle of the modulating pulse requires 
1 ms. The pulse rate is therefore 1 kHz. 

Figure 14. 

As previously indicated, it is not the 
lines themselves, but only their envelope that 
is of interest. Sometimes it is advanta- 
geous to present an integrated display show- 
ing only the outline of the spectrum. Such 
a display, shown in Fig. 14, is obtained by 
using a postdetection (video) filter. This 
kind of display has several advantages : 
The baseline and its accompanying glare 
are  eliminated and weak signals are more 
apparent. Noise is reduced automatically 
by integration and anomalies are removed. 
On the other hand, bandwidth and sensi- 
tivity are reduced (often by 1 to 5 dB).  
Sweep speed also decreases. 

Sometimes it is desirable to limit the 
signal's spectral width by filtering, pulse 
shaping, etc. I t  then becomes important 
to identify low-level signals. This is ac- 
complished by operating the analyzer in 
its logaritlnnic mode so that low level sig- 
nals are enhanced relative to large signals. 

Figure 15. 

In  the logarithmic display of Fig. 15, the 
main lobe and the first eight side lobes 
are discernible. 

PULSES I N  T H E  PRESENCE O F  F M  

All signal sources, regardless of how care- 
fully designed, have a certain amount of 
incidental FM. This limits the type of 
pulse n~odulation that can be used. 

Figure 19. 

Figure 16. 

Figure 20. 

conventional sin x/x spectrum of an R F  
signal modulated by the square pulse of 
Fig. 20. 

Figure 18 .  

Fig. 16 shows a carrier with incidental 
F M  deliberately applied. Analyzer disper- 
sion is 5 kHz/cm and F M  spectral width 
is on the order of 12 kHz. Fig. 17 shows 
the carrier with the F M  removed. (The 
large signal in the center of the main lobe 
is due to a poor on-off ratio in the modula- 
tor. This phenomenon is discussed in an- 
other section.) Fig. 18 shows the combina- 
tion of F M  and pulse modulations. Note 
that the signal is not symmetrical and that 
the sidelobes are uneven. An extensive dis- 
cussion of pulsed R F  in the presence of 
F M  is found in Montgomery.' 

EFFECTS OF PULSE SHAPING 

Spectral width can be controlled by sev- 
eral means, including that of pulse shaping. 
The effect of pulse shape on spectral distri- 
bution s illustrated in the following spec- 
trum analyzer displays. Fig. 19 shows the 

Figure 21. 

Figure 22. 

Fig. 21 shows an R F  signal modulated 
by the asymmetrical triangular pulse in Fig .  
22. Note that the sidelobes in Fig. 21 a r e  
considerably lower than those in Fig. 19. 

Figure 23. 

Fig. 23 shows an R F  signal modulated 
by the symmetrical triangular pulse shown 



Figure 24. 

in Fig. 24. Note that this spectrum is al- 
most completely devoid of sidebands. As 
the effective pulse width changes, so does 
the width of the main lobe. The spectrum 
analyzer dispersion was adjusted between 
Figs. 19, 21 antl 23, so that the main lobe 
would continue to occupy approximately the 

is pulse width and P is spectrum analyzer's 
3-dB handwitlth (resolution bandwidth). 

Fig. 26 shows a typical pulsed R F  signal 
generated by a ~nodulator that has a poor 
on-off ratio as indicated by the large sig- 
nal within the main lobe. Dispersion is 
0.5 MI-Iz/cm (pulse width 1.3 ps) , resolu- 
tion bandwidth is lOOKc antl the vertical 
display is linear. T o  find the on-off ratio 
we compute the loss in pulse sensitivity rela- 
tive to cw : 

3/2 (1.3) (lo-') (10") = 1.95 X 10.' 
. . . . . 20 log,, 1/0.195 = 14.2 dB 

Next, fro111 the vertical deflection in Fig. 
26, the cw signal amplitude is 1/3 that of 
the pulsed signal. This is equivalent to a 
difference of 20 loglo 3 = 9.5 dB. The 
total on-off ratio is 9.5 -C 14.2 = 23.7dB. 

with such analyzers. Fig. 28 is a double- 
exposure photo showing the time domain 
characteristics of the modulating pulse as  
the upper trace and the output spectrum as  
the lower trace. The same display could 
have been obtained with a dual-beam oscil- 
loscope. 

Figure 29. 

s;me nnmt)er o i  divisions---tl~is to better 
illustrxtc the tliwppc:~rance oi the side- ,,,,,.-,,,-,,, Jl,ECTKr31 ASAI.I.51S 

lobes. 

I:C>I 3ll<:\5U1:l.3lI:S f J  

Figure 27. 

It is ,;o~netinws useful to simultaneou.ily 
ohserw hot11 r l~e  RE' spccrrum nntl motlulat- 
in!: \v;\veiorn~, as \vllen shaping :\ pulse to 

In  cornitcrmeasure \vork, iillel1igr.nce is geiler;\te ;I (lcsirc(l spcctruni. \\'it11 :I (1~1:il- 
sotiictiincs rransrnittetl ;O a? to he masked I,calll ;\rr:\rljiemenr, \Ye simuIt;tneorlsIy 011- 
I)?. ;inorher signal. :\!I csanlple is tllc trans- serve c l l ; l l l~es  ill rile rno(Irllatin2 ~)lllsc ant1 
miqsion of inforni;ltion ;u the null point tile result:lllt frcqtlenc!. spectrum. \\.it11 mi- 
oi a ~~ i l ; c i l  l i F  iigr\;~l. Fig. 25 41o\v.; crfi\\.;\yc yc~lllplin~ scopes \ye c;ul 
transmission of a 100-kHz-wide signal at  the both the modulated carrier and the mod"- Figure 31. 
null point. The pulsed R F  signal has been lating pulse in time domain. Fig. 27 shows 
expanded using the scope horizontal mag- a dual-trace display of a I-GHz carrier BALANCED-MODULATOR ADJUSTMENT 

nifier control. The cw signal at the null niodulatetl by a 1-ps pulse. The upper trace Balanced modulators often are used t o  
point is clearly discernible on the analyzer is in time (lomain at 1 ps/cm. The lower impose suppressed-carrier modulation. Figs. 
but less so to a ferret receiver. trace is in frequency donlain at  1 MI-Iz/cm. 29 to 31 illustrate how this application can 

he monitored by a spectrum analyzer. Fig.  

IYJI.SE MOI)UI.ATOR ON-OFF RATIO TIME-DOMAIN ~ ~ E A S U R E M E N T S  29 shows a modulator that is not well bal- 

Sometimes the carrier to he pulsed is 
not turned off completely during the pulse- 
off time. This results in a combination of 
cw and pulsed signals. Measurement of 011- 
off ratio is complicated by the fact that 
the spectrum analyzer has higher sensitivity 
for cw signals than for pulsed signals. 
The ratio in sensitivity is 3/2 tP ,  where t 

Figure 28 .  

Figure 26. 

Some spectrum analyzers can function 
both in time and frequency domains. Such 
instruments are not meant to replace oscil- 
loscopes, as their sensitivity is rather poor 
(100 mV/ctn) and their input impedance is 
low (SO a). In n~icrowave systems, how- 
ever, where detectors like to be terminated 
in 50 St, useful information can be obtained 

anced. The carrier is almost as large a s  the 
side bands. The balance controls are now 
adjusted to an intermediate stage of per- 
formance as shown in Fig. 30. The fully 
adjusted system, with the carrier almost 
entirely suppressed, yields the spectrum of 
Fig. 31. 

ANTENNA-PATTERN MEASUREMENTS 

The spectrum analyzer also can be used 
to provide antenna-pattern data. Assume 
that the transmitting antenna under test is 
stationary. A transmitted pulse is picked 
up by a receiving antenna and displayed on 
the analyzer as a typical sin x/x spectrum. 
If the analyzer's input frequency is centered 
on the main lobe and the dispersion reduced 
to zero we get a set of equal amplitude lines 
across the screen. Each line represents one 
transmitted pulse. 



Assume now that the test antenna is rotat- 
ing. A very strong signal is received when 
the pickup antenna is located in the main 
lobe of the transniitting-anteuna pattern ; 
signals a r e  wealter in tlie sidelobes and niini- 
nial in the pattern nulls. If the spectrum 
analyzer is swept very slowly, so  slowly in 
fact that one sweep corresponds to 360 deg. 
of antenna rotation, the C R T  screen call be 
calibrated in degrees to display a cotnplete 
antenna pattern. 

Figure 3 2 .  

Fig. 32 shows such a simulated antenna 
pattern. T h e  ten horizontal screen divisions 
correspond to 360 deg. of antenna rotation, 
36 deg. per division. Since the vertical dis- 
play is linear with voltage we can compute 
amplitude tlif ferences directly. Thus,  3 d B  
is 0.707 of tnaximun~ deflection or  0.707 s 
5.8 = 4.1 divisions. 

T h e  main lobe of the pattern is about one 
horizontal division wide at  the 4.1 division 
height and tlie antenna therefore has a beam 
width of about 36 deg. The  center of the 
screen correspontls to the 180-deg. position. 
Tlie ratio of main lobe deflection (5.8 tlivi- 
sions) to that at  180-(leg. rotation (0.2 ilivi- 
sions) is the antenna's front-to-hack ratio, 
which for  this antenna is 11.6, o r  21.3dB. 

One precaution : the receiving antenna 
must have very low sidelobes and a narrow 
beam width in comparison to the transmit- 

ting antenna so a s  not to affect  the recorded 
pattern. Keep in mind also that the analyzer 
must he swept quite slowly to record the 
pattern. A paper chart recorder or  storage 
scope can therefore, he very helpful. Fig.  
32 was displayed on a storage scope. 

I t  is sometinies useful to examine the 
Fourier spectrum of a video-pulse train 
directly, without modulating a carrier. 
\\.hereas in a pulsed R F  signal the spectrum 
is centered around the carrier frequency, 
the spectrum for a video pulse goes to zero 
frequency. 

Figure 3 3  

Most spectrum analyzers liaving wide dis- 
persions cannot display such low frequencies. 
I-Sowever, sonie spectrum analyzers using 
balanced misers  for  local oscillator suppres- 
sion a re  suitable. Fig. 33 shows the spec- 
trum o l  ;I 0.4-ps pulse. Analyzer tlisper- 
sicm is 2 MI-Iz/cni. 

A ne\v class of spectrum :tnalyzers h;lving 
gigahertz dispersions recently lias appeared 
on the m:irliet. The  :~ccompanying figures 
illustr;\te two applications of these new 
devices. Fig. 33 shows eleven signals spaced 
at I -GHz inter\.nls fro111 2 to 12 GHz. An- 
alyzer tlispersioti is I0  GHz. 

Figure 34  

Figure 3 5 .  

Fig. 35 sllo\z.s t11c Iiar~nonics of a 900-Mc 
h4Hz trmsistor  oscillator. The  spectrum 
:malyzer is s~veeping from 1.7 to 12.5 G H z .  
\\.e ohserve that this oscillator has sub- 
stantially no output beyond the 6th harmonic. 
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T E K T R O N I X  P R O B E S  - P R O B E -  
SDENTIFICATIOi \ :  T A G S  

\Vhile engaged in multi-probe applications, 
have you ever experienced frustration in 
quickly locating correlating probe ends or  
determining which probe cable led to  which 
probe ? 

Mie have available, plastic prohe-identifi- 
a t i o n  tags (see Figure 1) that  help you 
locate correlating probe ends quickly and/or 
determine which probe cable leads to  which 
probe. 

These tags come in two versions, one ver- 
sion has a ,125-inch center hole to  fit 
around the smaller cable used on some of 
our  probes, the other lias a ,178-inch - ,185- 
inch center hole to fit around the larger 
cable used on other of our probes. T h e  tags 
a r e  packaged 20 tags of a center-hole size to 
a package - 2 tags each of ten colors. 

For  use on probes with the smaller cable 
order Tektronix part number 334-0789-00. 
F o r  use on probes with the larger cables, 
order Tektronis  part number 334-0789-01. 
Please order through your local Tektronis  
Field Engineer, Field Representative, o r  
Distributor. 

Figure 1. Probe Identification Tags 

T Y P E  310 A N D  T Y P E  310A-CALI- 
B R A T I O X - P R O C E D U R E  X O T E S  

I n  the Type 310 and Type 310A Instruc- 

tion Manual, on 1)ag.e 5-12 of the Calibration 
Procetlure section, paragraph "d" reads  : 
"tl Connect the C A L  O U T  connector t o  
the T R I G  I N P U T  connector a s  well as  t o  
tile I N P U T  connector." Change this t o  
r e a d  "d Connect 0 2 V f r o m  the C A L  
O U T  connector to the T R I G  I N P U T  con- 
nector as  \tell :is to tlie vertical I N P U T  
connector." 

The  specifications for the Type  310 a n d  
310A call out 0.2 V as the trigger require-  
ments for  external trigger on these ins t ru-  
tnents. Failure to repeat the information i n  
the calibration section of the  instruction 
~nanual  Iias caused confusion f o r  sonie w h e n  
calibrating these instruments. O u r  apologies 
to these people. LVe hope this information 
clears the confusion. 



t r o n i s  pa r t  n u n i l ~ e r  040-0059-00) wliicli pro-  

vided A C  fi1;lmcnt vol tage f o r  t he  probe's 

v:lcuum tube. I t  will a l so  conver t  a T y p c  

52311 wi th  t h e  040-0059-00 modif icat ion k i t  
installed f r o m  .AC to  DC f i lament  vol tage 

i o r  !lie probe's vacuum tube. 

Ort lcr  t h rough  your  loc:d T e k t r o n i s  Field 

O f f i c e  Fie ld  Eng inee r  Fie ld  Representa-  

t ive o r  Dis t r ibutor .  Snecif).  T e k t r o n i s  pa r t  

T h i s  field modification k i t  supplies t he  

necessary h a r d w a r e  to  const ruct  ;I slceleton 

p l u g i n  unit  f o r  use in a T e k t r o n i s  T y p e  560 

Se r i e s  Oscilloscope. Tliis ltit is intended f o r  
those  w h o  wish to  des ign thei r  olvn special- 

purpose  plug-in units.  

F r o m  the  informat ion supplied in t h e  ki t ,  

a skeleton plug-in uni t  c:m lie cotistructed 

so  a s  t o  be  compatible wi th  ;I specific T y p e  

560 Ser ies  Oscilloscope o r  w i th  several ( o r  

a l l )  of these  instrunients.  

T h e  ki t  a lso  supplies pertinent i n fo rma-  

t ion so  tha t  tlie special plug-in may be tie- 

signed to  ope ra t e  in conjunction wi th  e i ther  

Tliis modification :~tltls a ' \ 7 A I I I A B L E  

coritrol t o  the  TINE/CM s\vitcli on  tlie 

T y p e  502 Oscilloscope. Tliis provides ;t 

sn.eep r a t e  continuously \.:iriabie uncali- 

1ir;3ted f r o m  1 psec/cm t o  over  12 s/cm. 

O r d e r  through your  local Te l i t ron i s  Fie ld  

Of f i ce ,  Field Eng inee r ,  Fie ld  Representa-  

tive, o r  Dis t r ibutor .  Spec i fy  T e l i t r o n i s  pa r t  

number  040-0221-00. 

number  040-0273-00. 

T Y P E  5241i T E L E V I S I O S  O S C I L L O -  

S C O P E  - I 'IIORE P O \ V E R  
CORRECTION 

In the  October ,  1966 

NOTE 

issue o f  Se rv i ce  a Tektronis-produced plug-in uni t  in :1 T y p e  

560 Se r i e s  Oscilloscope o r  w i th  a second 

special plug-in unit .  

T h i s  modification kit  is applicable t o  t he  

fol lowing T y p e  560 Se r i e s  Oscilloscopes: 

560, 561, RM561 ,  5 6 l A ,  R M 5 6 1 A  ( including 
MOD 210C) ,  564, RM564 ,  565, RM565 ,  567, 

and  Rbf567. 
O r d e r  t h rough  your  local T e k t r o n i x  Fie ld  

Of f i ce ,  Fieltl  Engineer ,  Fie ld  Representa-  

tive, o r  Dis t r ibutor .  Spec i fy  Te l i t ron ix  pa r t  

number  040-0245-00. 

T h i s  modif icat ion installs a p r o l x  DOLVer 

socliet on  the  f r o n t  panel of tlie T y p e  524D 

Television Oscilloscope. Tl i i s  a l lows 

P5OOCF cathode-follo\ver probe t o  be  used 

wi th  the  oscilloscope. DC fi1;tmcnt vol tage 

f o r  tlie pro1)c's vacuum t u l x  reduces  h u m  

to  a minimutii. 

T h e  P5OOCF P r o b e  presents  :I low input 

capacit:mce wi th  min imum at tenuat ion.  

Tliis modification kit  rep1:lces t he  Type 

523D P r o l x  P o w e r  Modif icat ion Kit: (Te l i -  

Scope there  is a typographical  e r r o r  o n  page  

4. T h e  se t  of equations jus t  opposite F i g u r e  

4, ;is pr inted reads  : 
V,, x 3 1 7 k  

v o c  = 
t ZchI + 4.7 k 

I t  should  r e a d :  

V,, x 4.7 k 

USED MSTRUMENTS FOR SALE 1-Type 551 Oscilloscope sn 757. 1-Type 53/54 
C Dual-Trace DC plug-in unit , '  sn  20847; 1- 
Type 53/54 H Wide-Band High-Gain DC Plug-In 
Unit sn  591. Excellent condition less than 200 
hours total operation. Price: $140b total o r  will 
sell separately. Contact: Dr. B. J .  'Wilder 
Neurology, J .  Hillis Miller Health Center. ~ n i :  
verslty of Flor~da.  Ga~nesville, Florida. Phone: 
904-376-3211. Ext. 5418. 

MISSING INSTRUMENTS 
1-Type 511 Oscilloscope sn 111. Price: $175. 
Contact: R. R. ~h i t t endkn ,  Electro Mechanical 
Company. P.O. Box 7886, Portland, Oregon. 
Phone: 289-8885. 

Following are  the instruments reported to us 
in the past 60 days as  lost or presumed stolen. 
With each instrument (or eroun of instruments) 
we list their legal owner. -shotld$?i-have-i;$ 
informatton on the present whereabouts of these 
instruments, or information that might lead to 
their eventual recovery. please contact the  mdi- 

1-Type 517 Oscilloscope, sn 781, with power 
supply and probe good condition. Would like 
cash or a Type $41 Oscilloscope with a Type 
53/54 C Dual-Trace Plug-In Unit. Contact: G. L. 
Boelke, 505 Main Street, West Seneca, New 
York 14224. 
1-Type 515A Oscilloscope sn 1687. Contact: 
Mr. George Dupont, New ~ o r k  Stock Exchange. 
Phone: 212-HA 2-4200 x 463. 

~ - 

1-Type 544 Oscilloscope; I-Type 1A2 Dual- 
Trace Plug-In Unit; 1-P6016 AC Current Probe; 
1-Type P Fast-Rise Test Plug-In Unit, sn 2530. 
About 4 years old, new condition. Price: $50.00. 

vidual o r  firm listed here as  the  owner. If vou 
prefer, you may relay your information to  Lny 
local Tektronix Field Office, Field Engineer, or 
Field Representative. 
1-Type 533A Oscilloscope, sn  3465; 1-Type CA 
Plug-In Unit sn 19411. 1-Type D Plug-In Unit 
sn  8630; 1-?'we Z ~iurr- In  Unit. sn 541. we& 1-Type Q Transducer and Strain Gage Plug-In 

Unit, sn 1742. About 2 years old, new condition. 
Price: $275.00, FOB West Palm Beach, Florida. 
Contact: Jerry Strasser, Solitron Devices. Inc. 
1177 Blue Heron Blvd, Riviera Beach, ~ l o r i d a :  
Phone: 305-848-431 1. 

USED INSTRUMENTS WANTED removed from-<he ~ r e m i s e s  of Electramatid. Inc 
over Labor Day wkekend. ~ n y o n e  h&ing'infor: 
mation concerning these instruments contact 
Mr. Arnold Gilbertson, 3324 ~ i a w a t h i  Avenue 
Minneapolis, Minnesota 55406. Phone: PA 1-5074: 
Mr. Forrest Barker with the  Los Anneles Citv 

!-Type 531, 532 o r  533 Oscilloscope less plug- 
In. Please state condition and price when 
answering. Contact: Mr. J .  R. Harkness, Briggs 
& Stratton Corp. P.O. Box 702, Milwaukee, 
Wisconsin 53201. bhone: 414-46l-fifi1M 

1-Type 585A Oscilloscope; 1-Type 82 Dual- 
Trace Plug-In Unit; 1-Type 202-2 Scope-mo- 
bile@ Cart; and 1-C12R Oscilloscooe Camera 

College, has lost his four 502 Oscilloscbes. ~ h k  
serial- numbers are 8506. 8854. 9280 E;nd 97791 
Mr. Barker would appreciate hearm from any- 
one with information on the  whereagouts of his 
instruments. His phone number is 213-633-9141. 
ext. 259. 

- . . . - . . . . . 
1-Type 515 o r  Type 535 Oscilloscope. Contact: 
Fidelitone, Nick L. Miku, 6415 North Ravens- 
wood Avenue, Chicago. Illinois 60626. Phone: 
312-274-0075. 

with projected araticule. Available for imrn~rti- 
~ --. - ~~~ 

ate delivery. Price: 10% off catalog list price. 
Contact: Mr. H. Brawley 25 Hemlock Street, 
Norwood, Massachusetts. 'phone: 617-769-3888. Wanted to buy used Type 516 Oscilloscope. 

Contact: Tim Denning, Tim's Electronic Service, 
Houghton, Iowa. Phone: 319-469-2364. 
Used 500 Series Oscilloscope a t  least 15 MHz 
band. Contact: Jim worthiniton 301 Longview 
Drive, Monroeville, ~ennsylvania :  
1-Type 310 or Type 310A Oscilloscope. Contact: 
Mr. R. L. Goodman Clark Dunbar 325 Jackson 
St. ,  Alexandria. ~ot i i s iana.  phone:' 318-443-7306. 
1-used Type 515 Oscilloscope. Contact: Mr. 
John Bohinko, 117 Abbot Street, Plains, Pennsyl- 
vania. 

1-Type 310A Oscilloscope, sn 21352. This ins- 
trument disappeared and is presumed stolen 
from a car about twb months ago. If you havd 
information concerning this instrument please 
contact Mr. Bill Wise Mosler Safe ~ b m ~ a n y ,  
Pittsburgh, ~ennsylvani'a. 
1-Type 516 Oscilloscope, s n  1539, was reported 
mlsslng last week of September 1966. Contact: 
M. J .  Coppler Florida ~ e l e p h d n e  Corp., Lees- 
burg. Florida. ' Phone: 904-787-4525. 

1-Type 511 Oscilloscope sn 438 P l l A  CRT. 
Price: $150.00. Contact: R. S. ~ o m p  Box 372, 
Fairhaven, New York 13064. Phone: 31'5-947-1921 - - - . - . - . . 
1-Type 131 Amplifier. Approximate age 14 
months. Contact: Tom Thompson Bemis Bag 
Company. 325 - 27th Avenue, N.E., ' ~ i n n e a p o l i s ,  
Minnesota. 
1-Type 105 Square Wave Generator. Price: 
$175. 1-Type 112 Preamplifier. 1-Type 121 
Preamplifier. Price: $110 each. ' l - ~ ~ ~ e  180S1 
Time Marker. Price $290. We are interested in 
either purchasing or trading for used Type 321 
Oscilloscope and Type 575 Curve Tracer. Con- 
tact: Denes Roveti. Technical Director Roveti 
Instruments, 1643 Forest Drive, ~ n n a p d l i s .  Md. 
21403. 

1-Type 422 Oscilloscope sn 1672 disappeared 
?,nd is presumed stolen 'from Jean C. Bisset 

GEWSEN" Western GEEIA Region, ~ c ~ l e l l a d  
AFB, California 95628. 

1-Type 543B Oscilloscope 1-Type 1A2 Dual- 
Trace Plug-In Unit; l - ~ ; ~ e  1A7 Differential 
Amplifier Unit. Contact: Brooks Delecktro, 41 
East 42nd Street New York New York 10017. 
Attn: Miss ~ r o o g s .  Phone: 232-687-4940, 

1-Type 321 Oscilloscope, sn  000106 presumed 
stolen. Anyone having information concerning 
this instrument please contact: Mr. Vourganas 
Baird Electronics 630 Dundee Road. ~ o r t h b r o o k :  
Illinois. Phone: 312-272-2300. 

1-Type 561A Oscilloscope sn 6000. 1-Type 
3876 Dual-Trace Sampling Plug-In uni t  sn 402, 
1-Type 3T77 Sampling Sweep Plug-In 'unit ,  s i  
340. Contact: Allen Avionics, P. 0 .  Box 350, 
Mineola, New York. 

Used Type 536 Oscilloscopes and Type T Time- 
Base Generator Plug-In Units. Contact: Mr. 
Julie, Julie Research Laboratories, 211 West 61st 
Street New York, New York. Phone: 212- 
circle '  5-2727. 

1-Type 321.4 Oscilloscope, sn  1366 disappeared 
on approximately May 13 1966. Contact: Univac, 
Plant 3, St. Paul, ~ i n n e i o t a .  

1-Type 512 Oscilloscope, sn 1997, includes most 
modifications. Was completely overhauled in 
1961. Contact: Mr. J .  R. Harkness Briggs ,& 
Stratton Corp., P.O. Box 702, ~ i l w i u k e e ,  Wls. 
53201. Phone: 414-461-6600. 

1-Type 321A Oscilloscope, sn  00194 reported 
mlssmg on October 25, 1966. Contact: Univac 
Division (Sperry-Rand) 3645 Warrensville Center 
Road, Cleveland, 0hior44122. Attn: W.  Uminski. 
Call Collect, Phone: 216-752-7000, Ext. 36. 

For complete information contact your Field 
Engineer, Field Representative, or Distributor. 





ACTICAL A OACH 

VACU BE 

by  F. J. BECKETT 

Tektronix, Inc. 

Electronic Instrumentation Group 

Display Devices Development 

T\vo articles published in past issues of Service Scope contained information 
that, in our experience, is of particular benefit in analyzing circuits. The first 
article was "Simplifying Transistor Ihear-Amplifier Analysis" (issue #29, 
December, 1964). I t  describes a method for doing an adequate circuit analysis 
for trouble-sliooting or evaluation purposes on transistor circuits. I t  employs 
the "Transresistance" concept rather than the complicatecl characteristic-family 
parameters. Thc second article was "Uiitlerstat~ding and Using Thevetiin's The- 
orem" (issue #40, October, 1966). I t  offers a step-by-step explanation on how 
to apply the principles of The\-enin's Theorem to analyze and utidei-stand how 
a circuit operates. 

Now, in this issue of Ser\Gce Scope, \YC 131-ese~it the first of three articles 
that will offer a practical approach to transistor aiitl vacuum-tube amplifiers 
based on a simple DC analysis. These articles will, by virtue of additional in- 
formation and the tying together of some loose ends, combine and bring into 
better focus the concepts of "trai~s~esistaiice" and the priiiciples of Thevenin's 
Theorem. W e  suggest that a "refresher" reading of the t\vo previous articles 
will enable our readers to more readily follo\v the inforination in this and the 
two following issues of Service Scope. 

The Editor 



Let  us consider the general equation for 
current through a P.N. diode junction. 

V 
(1) 

where V = applied volts 

I, = reverse bias current 

p = constant between 1 & 2 

k T  
and V, = - where k =I Boltzmans 

(1 

Const., 1.38 x 10-"' Joule/"Kelvin 

T = absolute temperature in degree Kel- 

vin at  rooin temperature, i.e., T = 300°K 

q = electronic charge 1.602 x lO-'!'Cou- 

lomb. 

300 
V, = - = 0.026 volts 

11600 

OBJECTIVE 

The objective of this paper is to present 
a practical approach to Transistor and 
Vacuum-tube amplifiers based on a simple 
DC analysis. 

The articles will be published in the fol- 
lowing sequence. 

1. The Transistor Amplifier. 
2. The Vacuum-tube Amplifier. 
3. An analysis of a typical Tektronix hy- 

brid circuit (Type 545B vertical) based 
on conclusions reached in (1) and (2).  

As  a corollary they will bring forward 
some important relationships between vacu- 
um tubes and transistors. 

Figure 1. 

Figure 1 shows a typical forward volt/ 
amp characteristic for germanium and sili- 
con diodes. Figure 2 is a plot of the col- 
lector current or the base c ~ ~ r r e n t  versus 
the base-to-emitter voltage of a transistor: 
point A on this curve is a typical operating 
point. 

Figure 2. Line ( 1 )  is a plot of the base cur- 
rent versus the base-to-emitter voltage (VBE) .  
Line ( 2 )  is a plat of the collector current 
versus the bose-to-emitter voltage (VBE) . Point 
"A" is a typical operating point. 

One is quite justified in looking at a 
transistor in terms of the two-diode con- 
cept, refer to Figure 3. Therefore, assum- 
ing diode A to be forward biased and di- 
ode R to be reverse biased, as would be the 
case if we were to operate the transistor 
as a linear amplifier, the current through 
diode A will conform to equation (1) .  
Let us take a closer look a t  Figure 2. 

W e  define conductance in the general 
case as 

and therefore at  our operating point "-4" 
the dynamic conductance 

hence 

V 
I, exp - 

m' = pV, 
pV" 

Figure 3. illustration of the two-diode con- 
cept of a transistor. 



I 
but  I >> 10 then g' = - 

pV<. 

Tlie term "p" takes into account the re- 
combination of  carriers in the junction re- 
gion. I t  is approximately unity for  ger- 
~ n a n i u m  and approximately 2 for  silicon. 
A t  a typical operating point tliis term can 
usually be neglected. Therefore, we may 
say  that 

Now resistance is tlie reciprocal of con- 
tluctance and tlierefore the value of con- 
ductance a t  point "A" can be given in terms 
of resistance 

Tliis resistance (r,,) is commonly kno~vn 
as the dynamic emitter resistance. 

A t  tliis point we will depart from our 
simple model and look at  tlie transistor in 
another f o r m ;  but, bear in mind our first 
thoughts. Transistor  parameters a r e  derived 
f rom various equivalent circuits depending 
upon the configuration i.e., cornmon emitter, 
conin~on I~ase,  o r  common collector. W e  will 
not consider any  detailed ;inalysis in tliis 
;~pproach ; I ~ u t ,  to understand the approach 
it is necessary to know how these p,ara111- 
eters a re  derivetl. I t  will be simple enough 
to derive another set of parameters once 
we have our lxisic model constructed. 

Tlie simplest and easiest equivalent cir- 
cuit of a transistor is the "Tee" equivalent. 
I t  is a very good approximation ahout the 
behavior of a transistor, especially at DC 
:ind low frequencies. W e  can also represent 
either the common emitter o r  tlie conimon 
Inse simply b y  interchanging RI, and R , ~ .  
Figure I is a "Tee" equivalent circuit of 

EMITTER *-?-+=;TOR 

1 "' 
RASE 

COMMON BASE 

BASE 

Re 

1 
EMITTER 

COMMON EMITTER 

Figure 4. "Tee" equivalent circuits for the 
common-base and common-emitter configura- 
tions o f  transistbrs. 

the common emitter and the common base 
configur:itions. 

Firstly, let us define tlie term p (the 
small-signal current gain) as  

:ind since 11: = I, + 11, 

1 
Equation (8) shows us that only --- of 

P 
the emitter current flows into the I~ase. 
Hence, it is re:\son;~ble to suppose that any 
impedance in tlie emitter, when viewed from 
tlie base, will be p times a s  grea t ;  antl, 
:my impedance in tlie base, when viewed 
from tlie emitter, will be p times a s  stnall. -. I hat is to say, the dynamic resistance mul- 
tiplied by P must equal R,, in our equiva- 
lent "Tee" circuit. 

Our  equiv:ilent circuit sliows n resistance 
I&,. Tliis resistmce is known ;is the base- 
spreadin8 resistance. I t  is a physical quan- 
tity and c:ui be expressed in terms of resis- 
tivity associated wit11 the base-etiiitter junc- 
tion. I t  can vary bet\veen a few ohnis to 
Iiuntlretls of ohms, depending upon the type 
of tr:uisistor ; :mtl therefore, must he taken 
into consideration. Looking into the emitter 
\ve see it :IS :in impetlaiice whose value is 
tlivitled hy P nntl appears in series with 
tlie clyn;\mic emitter resistance (r,.) . Hence 
the emitter currenl: encoui~ters :In inipetlnnce 
in tlie Inw/cniitter junction \vIiich is equal 
to tlie sum o i  the dynamic resistance plus 

RI, 
- , the latter term we will designate R ,  
P 
and the sum of these two resist:uices we 
will tlesignate Rt. 

Hence R t  = r, + li, (9)  

The  value of R,  can vary anywhere be- 
tween 2 CI to 2ICI depending on the value 
of RI,. RI, is difficult to  measure antl rare- 
ly given in electrical data on transistors 
.A figure of 250 a ' s  is a typical value a t  low 
frequencies. Therefore, i f  /j were 50 tlien 
R,  w m l d  be 5 n's. 

Now if we look into the base in tlie com- 
mon emitter o r  the common collector con- 
iiguration it is reasonable to suppose we 
will see the resist:~nce (Rt)-plus any other 
impetlaiice which may he wired to the emit- 
ter terminal-multiplied hy P ,  then 

Ri,, = p ( R t  -t RE)  (10) 

where R1: = the external emitter resistance. 

I f  R,: >> Rt  tlien RI,, = PRr: 

S o  fa r  we have had very little to say 
;\bout R ,  shunted by the current generator 
cc 11:. If our equivalent "Tee" circuit con- 

sisted of resistances alone, it \vould be pas- 
s ive;  i.e., it could supply no energy of its 
own. Ru t  a transistor can amplify energy 
to the signal. T o  represent this we have 
slioivn a current generator shunting Rc.  
T h e  value of R,  will depend on the circuit 
configuration; i.e., tens of kilohms for  a 
conimon emitter configuration, to many 
meg-ohtiis for  a coinmon base configuration. 
In our approach it is not necessary to pur- 
sue this matter any further  since we will 
not l x  considering a transistor in any ex- 
treme condition. 

Now in a more prx l ica l  sense, let us 
look at  Figure 5, :i typical common-emitter 
configuration. 

Figure 5. A typical common-emitter circuit. 

The input impedance we  see looking into 
the base of :I transistor in tlie common emit- 
ter configuration is 

AVl,,, 
also AII, = -- 

Ri,, 

we also recall that 

Therefore substituting equation (13) in 
equation (14) 

and f rom equation (15) 

aV1,,, = 11, (RE + R t )  (16) 



we define tlie voltage gain a s  

T h e n  f rom equation (12) and equatio~i 

(16) 

A I <  lC1. 
"".I = - nIc (R, + lit) ( 1 7 )  

I f  we  analyze the  com~non-base configur:~- 
tion in a similar manner we arrive at  the 
s a m e  result with the one exception that the 
sign is positive. 

, . 1 h e  conclusion \ve can draw from this 
:in:ilysis is t1i:lt the gain of :I transistor stage 
is set  by external conditions provided that 
the emitter resistance is sufficiently great 
enough to "s~vamp" our internal resist:l~icc 
(R , ) .  In tlie absence of an emitter resist- 
ance  

-. 1 here is one \.cry import;mt 1 : ~ t  \ve 
must  reineniher al~out  Iiir.  RE will 11e t1i;lt 
impetl:i~ice in \vhich the signal curreiit will 
f low to the .4C ground. \\'e define an AC 
ground point as  that point iii a circuit ;it 
which tlie poiver level of the signal lias been 
reduced to zero. 

\\'e ~iormally encounter t l ~ r e e  t?pe< of :in 
A C  ground: 

This  is the cli:~ssis point o r  tlie 1)C 
ground point. I t  is :ls \\ell to remcml~er the 

AE,,,,, 
A(,) Voltage gain defined as - 

A E  ,, 

Ib Base current 

I, Collector current 

Ir: Emitter current 

R, Collector resistance (Tee Equiva- 
lent) 

RI, Base spreading resistance (Tee 
Equivalent) 

Figure 6. lllustroting the three types of AC 
ground normally encountered in electronic cir- 
cuits. 

po\ver slq)ply can be placed in t l~ i s  category 
.;o f : ~ r  :IS the signal is concerned. 

2. A ~ I  Apptrret~t AC G ~ o t ~ f t d .  

The apparent A C  ground may l)e repre- 
sented by any point in a circuit which acts 
:IS to represent a low impedance bet\vcen 
that point and the actual A C  ground tliere- 
by l~ypassing tlie signal to an nctu:il .4C 
frountl. A large v:ilue cap:icitor is ;i typical 
cx:imple sl~ould one side be returned to all 
:ictu;tl X C  ground. 

The  virtual A.C. grotintl point is perhaps 
the most difficult to recognize. It may best 
I)e explained as that point in a circuit \\.liere 
1j.e have two signals of equal amplitude and 
frequeiicy ljut exactly opposite in plinse. 
Figure 6 \\.ill help clarify these points. 

I:igu~-e 8 summ;irizes tlie results of our 
I)C an:ilysis of the coninion en1itte1-, c o n -  
mon Inse and common collector. 

Figure 7. W e  define the parameter R, in the common-base "Tee" configuration as; 

A v,, ohms R, = -- 
a 1. I 

Where  AV,, is the change i n  the collector voltage because o f  the chonge i n  collector current AI , ,  
when w e  hold the emitter current IE constant. 

Once the collector becomes saturated, the chonge in I, is very smoll for a la rge  change in V,,. Hence, 
R, is a very large resistonce ond does not modify the DC equivalent circuit to a n y  extent. For this 
reason it was omitted from Figure 7. Therefore; R,,,: = RL (Common Base).  

LIST O F  SYMBOLS 

R ,  Emitter resistance (Tee 
Equivalent) 

Ris External Emitter resistance (refer 
to text) 

Rl.:(,) The equivalent resistance between 
the signal source and the emitter 
terminal of the transistor in the 
common base configuration. 

RI. Load resistance 
R,. R., - 

P 

R,  The "Transresistance" resistance 
(re -t R T )  

re dynamic emitter resistance 

V~I, Base voltage 

V,., Supply voltage 

V, , Collector to emitter voltage 

S. (Delta) the change in the variable 
with which it is associated. 



1 BASIC CIRCUIT EQUIVALENT CIRCUIT 

BASE COLLECT( 

REMARKS s EMITTER 

EQUATIONS 

COMMON EMITTER 

MTTER COLLECTOR 

BASE 

COMMON BASE 

A resistance (Rrl between the 
emitter terminal o f  the transistor 
to the AC ground wil l  modify the 
gain equation and the input im- 
pedance; then, 

A( , )  = - RL 
R, + RE and 

R," = j3 (RE + R , ) .  

COLLECTOR 

The equivalent resistance RE(,) 
between the input rignol rource 
and the emitter terminal of the 
transistor wi l l  modify the gain 
equation and the input imped- 
ance as seen from the signal 
source; then, 

GAIN = A(v) = 9 
R E + R ~  

RIN=p  (RE + Rt) 

ROUT= (R~+.!.) in 
B 

parallel with RE 

slgna& 
Source 

I 

COMMON COLLECTOR 

The octuol value of R,, wil l  de- 
pend on what resistance is con- 
nected to the bare. Let us assume 
the base is directly coupled to the 
preceding rtage. The equivalent 
output impedance of the preced- 
ing stage becomes the numerator 
over beta in the second term in 
the parenthesis and the output 
impedance of  the rtage under 
consideration R,, is modified ac- 
cordingly; eg., i f  the output im- 
pedance of  the previous stage is 
100 C, then 

100 . 
R,, = ( R I  + - In parallel 

with RE. 
P 

Figure 8. 



S I L V E R - B E A R I N G  S O L D E R  A N D  
S I L V E R  S O L D E R :  T\\'O D I F F E R E N T  
T H I N G S  

M a n y  components in Tektronis  instrrl- 
n ~ e n t s  are mounted on ceramic strips. Tlie 
notches in these strips a re  lined with n 
si lver  alloy antl repeated use of ort1in:u-y 
tin-lead solder will breakdown the silver-to- 
ceramic bond. F o r  this reason, we recom- 
m e n d  tlie use of :I silver-beariflg solder 
containing 3% silver when performing serv- 
ice o r  maintenance work that requires solder- 
i n g  on t l~ese ceramic strips. This  type of 
solder  is used frequently in printed circuits 
a n d  sliould be readily available from radio- 
supply houses.* 

Silver-bearing soltler sliould not be con- 
fused  with silver soltler. They are two tlif- 
f erent  things ! 

Tlie m e  of silver-betiring solder in the 
construction and maintenance and repair of 
electronic circuits is a safe and accepted 
practice. Tlie silver-benring solder usetl and 
recommended by Telctronis for  ceramic strip 
soldering, melts at  about 365 degrees Fnlir- 
enlieit, and is applied ~vitli an ordinary sol- 
der ing  iron. I t  is composed of 60% tin, 
37% lead, and 3% silver I t  contalns abso- 
lutely no cadmiuml I t  produces no tosic or  
lethal fumes 1 

Silver solder, on the other hand, is n 
brazing alloy and is most co~nmonly usetl hy 
welders. I t  is coniposed essentially of silver, 
copper, zinc, and sometimes cadmiutn. \\%en 
t h e  alloy is composed of 45% silver, 30% 
copper and 25% zinc it requires approsi- 
mately 1340 degrees Fahrenheit to melt it 
a n d  it is usually applied with an acetylene 
torcli. Should eitlicr tlie silver solder or  tlic 
metals to which it is being applied contain 
cadmium, this liigli temperature will c:tuse 
tlie cadmium to vaporize and release fumes. 
These  fumes will be toxic and they can he 
lethal. 

I n  summary, let us repeat ; Silver-beorilzg 
solder :tnd silver soltler :Ire two different 
things : 

Silver-Ortiring soltler is used primtri l l  in 
the  soldering of electronic circuits Silver 
soltler is an alloy usetl in the brazing and 
welding of metals. 

Silver-betiri~g solder is applied with a 
soldering iron and requires only relatively 
low temperature to melt it. Silver solder 
is applied with an acetylene torcli ;uid re- 
quires 3 liigli temperature to melt it. 

Silver-lwtiring solder alxolutely tloes not 
produce tosic fumes. Silver soltler, if it 
contains catlmium or  is used on metal co11- 
taining cadmium, tloes produce funies that 
a r e  tosic and can be lethal. 

Positively no silver solder is used in any 
instrument produced by Tektronix, Inc. 

*If you prefer you con order this solder 

directly through your local Tektronix Field 

Office, Field Engineer, Field Representative, 

or Distributor. Order Tektronix port  number 

251 -051 5-00. 

O O P S 1  \ \JRONG P A R T  N U M B E R  

I n  the December 1966 issue of Service 
Scope, we transposed two figures in the 
Telitronix part numbers for  the probe iden- 
tification tags. Tlie part ~iuniber for  the 
identification tags for  use on the s n d l e r  
(0.125" diameter) cables is 334-0798-00, and 
tlie numher for  the larger ( 0  178 to 0.185" 
diameter) cables is 334-0798-01. 

C O M P O N E N T  L U B R I C A T I O N  K I T  
F O R  T E K T R O N I X  I N S T R U M E N T S  

\\'e have avai1al)le n component Iubrica- 
tion lcit for  Tektronis  instruments. T h e  
lat  contains. a tletent lubricant in a con- 
tainer-applicator; a switch-contact lubri- 
cant in a container-:tpplirator; a pot lubri- 
cant in ;I container-applicator ; 12 each tle- 
tcnt-11:tll replacenients ( f o r  lost o r  worn 
tletent Inlls) in the following sizes-5/32", 
3/16", and 7/32"; a # 3  brush, and an in- 
struction book. 

Tlie instruction lloolc contains information 
on  tlie cleaning :uid washing of Tekt ronis  
instruments and \vhen an instrument needs 
lubrication. Tt also contains illustrations 
showing tlie different types of switches usetl 
in Tektronis  i ~ ~ s t r u m e n t s  and tells how to 
lubricate them antl replace worn or  lost 

tletent 1)alls Tlie lubrication of potentiom- 
eters :tnd fan motors :lnd the care of air 
filters a re  also covered Suggestions for  
tlie lulrricat~on of rackmount tracks a re  
glven. 

You may order tlie kit through your local 
Tektronis  Field Office, Field Engineer, 
Field Representative, o r  Distributor. Speci- 

f y  Telctronis part number 003-0342-00 

T Y P E  1L5, T Y P E  1L10, T Y P E  1L20, 
A N D  T Y P E  1L30 P L U G - I N  S P E C -  
T R U M  A N A L Y Z E R S  \ \ ' ITH .A T Y P E  
132 PO\ \ 'ER S U P P L Y  

, . 
lliese spectrum analyzers can be used 

in conjunction with a Type 132 Plug-In 
Cni t  Power Supply atid tlie output dis- 
played on any Telctronis oscilloscope that 
has a Sawtooth-Out sweep voltage available 
on the front p:knel. 

I'ositive or~t~~ut-pol: l r i ty voltage from the 
Type 132 can I x  applied to tlie DC-coupled 
input o f  the oscilloscope. Centering of tlie 
oscilloscope sweep is performed with the 
oscilloscope vertic:tl-position control prior 
to R F  signal application to the analyzer. 
, 1 . lie ;tnalyzer vertic:tl-position control can 

then be used for  trace positioning. 

Tlie Sawtooth-Out sweep voltage f rom tlie 
oscilloscope is applied to tlie Sweep-Input 
connector 

TYI'E 1L10, T Y P E  1L20, A N D  T Y P E  
11-30 P L U G - I N  S P E C T R U M  A N A L Y Z -  
ERS-VERTICAL T R A C E  S H I F T  

If :t vertic;tl trace sliift is encountered 
when :I Type 1L10, Type 1L20, o r  
Type 11-30 Plug-In Spectrum Analyzer is 
switched Iletween linear and log mode, sus- 
pect :t gassy input tube in tlie indicator 
(oscilloscope) vertical amplifier. T h e  out- 
put impedance of the analyzer unit is much 
Iiiglier in the log mode tlmn it is in the 
linear mode. If grid current is present 
in the input tulle, this current will give a 
different voltage drop ;tcross the input 
resist:tncc (analyzer output impetlance) ; 
consequentl~., a UC sliift of tlie trace will 
result. 



TYPE 502A DUAL-BEAM OSCILLOSCOPE - TIME BASE 

100 pVlcm dual-beam oscilloscope 

Measure stimulus and reaction 
on the same time base. 

Measure transducer outputs, 
such as pressure vs, volume. 

C] Measure phase angles and 
frequency differences. 

C1 Measure characteristics of 
low-level signals. 

The Type 502A combines the performance 
capabilities unique t o  dual-beam oscil lo- 
scopes with operational features designed t o  
simplify and speed up your measurements. 

You can examine two waveforms simultane- 
ously by applying input signals t o  both of the 
identical vertical amplifiers. You can use each 
vertical amplifier in  a differential display mode 
t o  examine the difference between two  signals. 
You can also use the Type 502A as a single- 
beam X-Y oscil loscope or as a dual-beam 
X-Y oscil loscope with both traces plotted on 
the same X scale. 

This performance is  combined with operating 
conveniences which include pushbutton beam 
finders for quick location of off-screen sig- 
nals, vertical signal outputs, intensity balance 
for identification of upper and lower beams, 
single-sweep operation, Z-axis input, vari- 
able control of vertical and horizontal deflec- 
t ion factors, electronically-regulated power 
supplies for stable operation, and other re- 
finements. 

performance characteristics include: 
Bandwidth from D C  t o  100 kHz at IOOpVlcm, 
increasing to  D C  to  1 MHz f rom 5 mVlcm t o  
20 Vlcm * Calibrated deflection factors from 
100 pVIcm t o  20 Vlcm in  17 steps; continu- 
ously variable between steps, uncalibrated, 
and to  50 Vlcm * Common-mode rejection 
of at least 50,000:l f rom D C  t o  50 kHz Phase 
difference between amplifiers less than 1 de- 
gree from D C  to  100 kHz e Calibrated sweep 
rates f rom 1 pslcm t o  5 slcm in  21 steps 
2X, 5X, IOX, 20X sweep magnification e Flex- 
ible trigger facilities * Ampl i tude Calibrator 
* 10 cm by 10 cm display area. 

For complete information contact your Field Engi. 

neer, Field Representative, or Distributor. 







I n  the previous article (Pa r t  I ,  'Tlie 
Transistor Amplifier) of tliis series, it 
w a s  shown that the gaiu of a hiear tran- 
sistor amplifier is set by external condi- 
tions. The same reasoning can also be 
applied to vacuum tubes. The equivalent 
circuit of a vacuum-tube amplifier is shown 
i; Figure 9. Tlie current that is produced 
in the plate circuit by tlie signal (E,) act- 
i ng  on the grid is taken into account by 
postulating tliat the plate circuit can be 
replaced hy a generator, -,uE, having an 
intern:d resistance ( rp)  . W e  map also 
consider a \~acuu~mtul>e amplifier in terms 
o f  the constant-current form by replacing 
the  voltage generator in the constant-volt- 
z g e  form with a current generator (gm E,) 
shunting the internal resistance ( rp ) .  

These tivo approaches are valid in every 
respect but ther do not convey much to 
u s  in the practical sense. Let us now con- 
sider a vacuum-tube amplif ier from an- 
other approach. 

I n  :m amplifier which has its grid ref- 
erenced to ground :ill plate-circuit impetl- 
ances, RIA and rp, when viewed from 
t h e  cathode are  multiplied by tlie term 

cathode impedances when viewed from the 
plate circuit are multiplied by the term 
( p  + 1 ) .  Therefore, tlie impetlance we 
see loolting into the catliode must be 

r p  + RI, - , where ,u equals tlie amplifica- 
P + 1  

Figure 9. Illustrating the more fomil iar equivalent circuit of a vacuum tube amplifier. 
(a) The constant voltoge generator form or the Thbvenin equivalent. 
(b)  The constant current generator form or the Norton equivalent. 

\Ve will now look at n triode amplifier 
in terms related to our equivalent circuit. 
The common component is of course, tlie 
plate current. Tlie change in this cur~-cnt 
clue to tlie action of a control grid \ d l  
determine the output \.olt;\ge across the 
load impedance (RL)  . 

Now E, = E,  + Ek (19) 

That is to say 

E, = I,, r; --------- ; I;] + I1& 

'D + RI. + Rk 
o r ,  E g  = I, [(-) ] (20) 

t ion factor of tlie tube. 

Hence it is reasonable to suppose tliat 
t he  voltage E,, reference Figure 10, appears 
across this impedance we see looking into 
t he  cathode. 

Figure 10. A vacuum tube omplif ier in the ground 
e d  cathode configuration showing the various volt 
age  measurements around the circuit. 

Also, Ebb = Eb f El, + E k  (21) 

W e  define the voltage gain A(,) as 

\Ve now have arrived at  an equation 
for gain which is a ratio of inipctlances. 
The same approach may he applied to the 
%rounded-grid configuration and \be arrive 
at  a similar result, except tlie sign is posi- 
tive. 

In  the triode amplifier a11 tlie catliotle 
current will flow tlirougli the output lo:ctl 
impctlance (I&). I-Iowever, in tlie c:\sc of 
the pcntotle :und other multigrid tulxs, some 
of this currc~it  is diverted into the screen. 
Equation (23) tlefincs the output voltage 

In terms of the plate current. Therefore, 
to tler~ve the actual gaiu figure we must 
tlcterminc tlie actual amount of catliode 
current which will finally reach the plate 
;\nd Ixcotue signal current. This figure 
can Ix arrived at from a grapli~cal analy- 
s ~ s  of the mutual-conductmce curves In 
most cases, about 72% of the catliode cur- 
rent reaches the plate to become signal 
current. A typical example is a type 12BY7 
pentode Ilowever, tliis figure can be as 
high as 90% for qome types-for example 
a 7788 pentode. Tlie ratio of the plate cur- 
rent (I , , )  to the cathode current ( I h )  is the 

11, 
plate efficiency factor, i.e., 7 = -. 

I,. 

Kow let is reexamine what effect this 
fact must liave on the gain of a pentode 
amplifier as compared to a triode atnpli- 
iicr. Tlie impedance we see looking into 
the cathode of :L pcntode is the same as for 
a triode. 

rp + Rr. 
That is - 

P + 1  

however rp > > lir, and therefore Rr. can 
uiually be ~ieglecteti iu tliis equation. 

and since conductance is the reciprocal of 
resistance we will call this impedance rk. 

\\re liave sceu that the gain equation of 
the triode amplifier is defined it1 terms of 
the parameters p and rp. \lie should not 
lose sight of tlic fact that p and rp are 
related to the plate current and therefore 
when these par;\meters are transferred to 
cathode dimensions these tcrms must he 
niultiplicd by the plate ef f icicncy factor (7 ) .  
That is to s:cy the impetl:uice we see look- 
ing into tlic catliotlc rk must be multiplied 
Iiy (7 ) .  \\'it11 these facts in mind let us 
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n o w  derive tlie gain equation f o r  a pentode 
amplifier. 

\Ire recall that : 

Eb = Ebb - E, -Eh (22) 
a n d  El, = -I,RI. (23) 

also EL = E, + El, (19) 

= 11rhIh + IhRh (27) 

\\[it11 a push-pull pentode amplifier we 
must consider the plate-ef f iciency factor 
( D )  . Therefore, 

(34) 

I P but Ik = - 
D 

(28) 

Therefore substituting equation (28) in 
equation (27) 

?IrhII) 
E,  = - 11,1<h 

i- ?I 
7 

Rh = I ,, ( Sk + ------ ) 
D 

(29) 

1 
where rk = ---- either V(I, o r  Vc?) 

g m  

n = plate-efficiency factor of ci- 
tlier V(,) o r  V(?). 

+ Ebb 

arid since the voltage gain 

E, A(,.) = - 
E, 

- I1,R1. - - 
1, (SR + Rh) 

Figure 11. A typical push-pull tr iode ompl i f ie~ 
W e  normally encounter two virtual AC g r o w  
points between the cathodes V, and V?. I t  ma 
be necessary t o  consider the effect of the virtu( 
AC ground point a t  the iunction of R1 and R. 
If RI or R ?  is large in volue compared respective1 
o Rr(l) or  R q ? ,  then we can neglect this virtu1 
4C ground and consider Rk in terms of Rli(,) ( 

RI,(:). However, i f  this is not so, RI, wi l l  be tl. 
porollel combination o f  Rkcl) and R I  or Rli(?) and R 

T h e  cascotle atnplifier fundamentally con- 
sists of two tubes connected in series, see 
Figure 12. Normally \vc usu;illy f ix  the 
grid of V(,) a t  sorile positive voltage. 

Tlie key to understanding this type of cir- 
cuit is to consider V(?) a s  :L voltage-activated 
current generator. All the current delivered 
1,). Vn) passes through the output load im- 
ped:ince RI.. Any change in voltage appear- 
ing at tlie grid of Vc.) appears a s  a change 
in current :icross Iir.. \Ve can derive tile 
gain cquation in tlie s:uiic way a s  we dicl 
for  :L pentode amplifier. There  is no need 
to consider (7)  if both tubes a rc  triodes. 

T h e  s:ilne remarlis we  m:de ahout tlie ex- 
ternal eni~ttcr  ~ e s i s t o r  I?, (refcr  to I'nrt 
N o  1, Tlie Transistor A t i ~ p l ~ f ~ c r )  ;ipply 
equally as \\ell to the cathode resistor, Rh;  
n n ~ ~ l r l y ,  Xi e ~ ~ i l l  b~ i l ~ n t  i i ~ i p r d m c r  iil wliirh 
the  r iqml  c w r r i l t  zuill f l ow  to  the  A C  
grol!ild 

I n  tlie case of the grounded plate ( the 
cathode lol louer)  we do not need to con- 
sider the plate efficiency factor if the am- 
plifier 1s t r ~ o d e  connected, t l ie~efore,  the 
"gain" can be considered in terms of a 
simple cl~vitler net\torl; which c;un never 
I I ~  gre:iter t1i:m unity. 

wliere tile subscripts (1)  and (2)  a rc  as- 
sociated with V( l )  and V(?). 

One of  tlie a t l ~ u i t a g e s  of this type of Figure 12. I l lustrating a cascode amplif ier usin 
.wo triodes. circuit is tlint tlie intern:il impctlancc I\-llicli 

shunts Rr. is extreniely Iiigh. . .. 

In  this respect tlie triode cascode ampli- 
f ier  closely apl~roxim:ites a pentode ampli- 
fier. If we cotnp:ire the pl:ite-current versus 
plate-voltage curves of botli devices \ve 
see :I close rcscmblnnce, 

Figure 13 is a typical configr~r:ltion con- 
sisting of n vacuum tube \', 2nd :t tr:in- 
sistor, Q,, con~~cctc t l  in series. \\'e can 
apply much tlic same ;~pl~roacli  :is we did 
for  the cascode vacuum-tuhc amplifier. Let 
us assume tlie base to emitter junction of 
Q1 to be for\v:~rd 1)iased. T h e  collector cur- 
rent of (2, I~econies the plate current of 
17,. l'llereforc, any change occurring at  
the 1):ise of Q ,  is reflected a s  a ch:mge in 
pl:ite current in V1. 

\vliere subscripts (1)  and ( 2 )  :iI-e :issoci- 
atctl \\.it11 Vc,, and V(?). 

HYBRID CASCODE 
AMPLIFIER 

A ~ l d  i f :  

which is usually the case ; tlieil, 

1 Figure 1 3  A typic01 hybr id cascode amplif ie 
usino o transistor and  o vacuum tube. 



BASE COLLECTOF 

EMITTER COLLECTOR 

BASE 

BASE 

COLLECTOR 

RIM= p (RE + Rt) 

parallel with ' R ~  

A resistance ( R E )  between the 
emitter terminal of the transistor 
to the AC ground wil l  modify the 
gain equation and the input im- 
pedance; then, 

R 
A l , )  = - -2- and 

Rt + Rr 
R,, = 13 I R E  + R t l .  

The equivalent resistance RE(,)  
between the input signal source 
and the emitter terminal of the 
transistor wi l l  modify the gain 
equation and the input imped- 
ance or seen from the signal 
source; then, 

RL 
A ( " )  = + R,+ and 

R,, = R, + Rr1.1.  

The actual value of R,, wil l  de- 
pend on what resistance is con- 
nected to the base. Let us assume 
the base is directly coupled to the 
preceding stage. The equivalent 
output impedonce of the preced- 
ing stage becomes the numerator 
over beta in the second term in 
the parenthesis and the output 
impedance of the stage under 
consideration R,, is modified ac- 
cordingly; eg., i f  the output im- 
pedance of the previous stage is 
100 9, then 

100 . 
R,, = I R1 + - 1 In parallel 

with RE. 
P 

Figure 8. 



Ebb 
-T- 

GRID 

CATHODE 

RL= LOAD RESISTANCE 
I rk=  - 
9m 

Rk = CATHODE RESlSTOl 
(Refer Text) 

q = PLATE EFFICIENC' 
FACTOR 

PENTODE PAlR 
GAIN =A(,,)= RLW + R ~ c e  

2 t k  +2Rk - - 
SUBSCRIPTS (1) AND (2) ARE 
ASSOCIATED WITH VI AND V2 

ROUT- rk in parallel with Rk 

rP WHERE: rk -- 
-&+I  

WHERE: 
RL= LOAD RESISTANCE 

+ R t Z r e + R r  

3f RE= EXTERNAL EMITTER 
RESISTANCE 

8 REFER PART 1 
"THE TRANSISTOR 

AMPLIFIER" 

Figure 16 



W e  recall ( P a r t  1, Tlie Transistor Am- 
pl if ier ,  Eq. 10) that the input impedance 
w e  see looking into tlie base of a transistor 
i n  t h e  common-emitter configuration is : 

RI, ,  = p ( R E  + R t )  (10) 

Now Ei,, = 

= 1,  RE + R t )  (36) 

I c 
also p = -- 

11, 

t l ~ e r e f o r e  substitt~ting equation (37) in 
equation (36) 

E l "  = 1, (RE + R t )  (38) 

n o w  the collector current Q1 becomes the 
p la te  current of V1. Then, 

El, = I, (RE + R t )  since I,, = I ,  (39) 

a l so  E, = -I,RL (a) 
a n d  since 

E,, 
A(,.) (stage) = - -- 

Ei,, 

t h e n  from equations (23) and (39) 

I,,RL 
A w l  (stage) = - 

I,, (RE + Rt) 

I f  the vacuum tube is not ;I triode but 
some other multigrid tube such a s  a pen- 
tode, the gain equation will have to be 
rnultiplieti by the plate efficiency factor 

(?).  

Tlie same remarks concerning the out- 
put irnpcd;~ncc of t l ~ c  vacuum-tulle cai- 
code amplifier can be applied to the 1~yl)ritl 
counterpart. 

W e  have s l ~ o w n  that the gain of n line;ir 
amplifier, tr;unsistor o r  vacuum tulle, is a 
ratio of i~ i ipeda~~ccs .  \\'e can, of coursc, 
tlerivc the gain equ:ltions for  lmlh tlevices 
in terms of mutu:ll contluctancc. I n  fact, 
if \ve comp;\re tile t ransfcr  curvcs of lrotl~ 
tlcviccs, Figui-e 14, we sec a striking simi- 
larity. VIII: and E, can Ije thouglit of in 
the same terms and in like m:uiner I,, and 
I .  perform identical functions. Our  ;111;1ly- 
sis of 1)otIi tlevices 11;~s slio\vn t11;it this 
[act is not coincitlcnce. 

I t  is not unrc;~sonable to say that \vlien we 
compare the c;1tl1ode-follon-cr (grountletl- 
plate) ;ig;iinst the co~nmo~~-col lec tor  corn 
figui-ation, Figure 15, we can think of Imth 
tlcviccs :\s hcing identical in operation- 
differing only in concept. T h e  same :lrgu- 
1ne111 c;in Ije put for\vnrd aboul the com- 

TRANSFER CHARACTERISTIC TRANSFER CHARACTERISTIC 
OF TYPE 6DJ8 / ECC88 OF TYPE 2N408(PNP)  

Figure 14. The transfer characteristic curves of a vacuum tube (6DJ8) and a PNP trans~stor (2N4081, i l lu 
trating the basic similarity between vacuum tubes and transistors. 

Figure 15. The analogy between the cathode follower (grounded plate) and  the emitter fol lower (the 
common collector) in  terms o f  "gain" and  output impedances o f  bofh devices. 

mon-llasc amplificr and tlie groutidcd-grid 
:~mplifier. So too, the conimoti-emitter ;urn- 
plifier ;mtl the gro~mtlctl-c:1tl1o~le :implificr 
if we cliose to  ignore the input impetliu~ces 
of hot11 tle\:ices. 

Figure 16 (sce p;1gc 5) summ:irizes tlre 
results of our :m:1lYsis of the XI-ou~itlctl 
cathode, grouritletl grid, and grountlctl plate 
;irnplific~-s. Opposite this Figure \ye li:tvc 
rcprintetl Figure Xo. 8 frotii the previous 
:wticle (1';irt 1, Tlie Tr;uxistor Xtiiplificr) 
\vliicIi summ:~rizccl the results of the annly- 
sis on the three types o i  tr;cnsistor :impli- 
fiers. These t\vo ch:n-ts will assist you to 
follo\v more closely our ;inalysis of the 
.54.313 ~ c r t i c x l  a~ i i l~ l i f ic r  ( a ~ ~ p e ~ ~ r i ~ ~ g  ill the 
n c s t  issue of SER\ . ICE S C O P E )  : ~ n d  to 
mnlie ;L comparison llct\vccri ti-:~i~sistor : i d  

\wuun1 tu lx  amplifiers. 

I t  is not surprising \ve somctiiiie find 
o~~rse l \ . es  explaining one device in terms of 

motlrer. Nature has a cli;~rming \vay of 
making most things intertlepc~idcnt upon 
oiic : ~ ~ i o t l ~ e r .  Iiccognize this fact ;ind tiiost 
t a s l s  I~ecoiiie ;I little e:isicr. 

ERRATA 
\\'c ':111 jmur :ittention to :I t y p o ~ r a ~ h i c ; ~ I  

error  in the caption under Figure 7 in the 
Fel)ru:try issue of ST3R\'ICI< S C O P E  The  
Figurc referred to  in the last line of this 
cxption slioultl I)e Figui-e 8-not Figure 7. 



I New Fro For complete information, contact your Field 
Engineer, Field Representative, or Distributor. I 

The Type 568 Readout Oscilloscope accepts sampling and real-time amplifiers and 
time-base units. Used with the Type 230 Digital Unit, digital readout of measurements 
(in addition to the m a l o g  C R T  display) is provided, allo\ving faster and more accurate 
answers than using the C R T  alone. X \vide variety of repetitive pulse measurements 
can be made digitally, without operator e r r o r :  pulse voltage, risetime, t1el:cy time, stor- 
age time, and pulse width, among others. Me;isureinent limits may be selected to pro- 
vide Go/No-Go indicators. 

DC-to-7 50 M H z  PORTABLE OSCILLOSCOPE I 
T h e  Type 453 provides accurate dual-trace displays of fast-rise pulses and high- 

fl-eclne~icy sigmls previously Ixyontl the cap;\bility of most real-time oscilloscopes. Rise- 
time \vith included 1 0 s  prol~es is 2.411s. Other features include S - Y  tlisplays to  5 mV/ 
tliv, chopped or alternate s\zitching between inputs, calibrated sweep delay, and rugged 
design for  en\.ironllicntal extremes. I 

HIGH-SPEED CAMERA 
T h e  C-40 is a high-perforr~lance camera for  Tektronix portable oscilloscopes. The  

f/1.3-1 :0.5 lens and Polaroid* Roll-Film back for  10,000-speed film provide the writ- 
ing speed necesary to  record single-shot events on  the Type  454 Oscilloscope. 

"Registered Trade-Mark Polaroid Corporation 

The Type 1A4 Plug-In Unit for Type 530, 540, 550, and (with adapter) 580-Series 
Oscilloscopes provides the equivalent of two wide-band, dual-trace units connected to 
a third wide-band, dual-trace unit. Unique display logic provides unprecedented dis- 
play flexibility including four-channel adding ( 2 1 2 2 )  + ( 1-3 1-4). Deflection 

Oscilloscopes achieves a new high in cotntnon-mode rejection. Gain-bandwidth products 
exceed those previously available in a differential amplifier. Bandwidths from DC to 
50 M H z  can be achieved at 5 11iV/ctn, DC to 45 M H z  at 2 n~V/cnl, and DC to 40 M H z  





A PRACTICAL APPROACH 

TO TRANSISTOR AND 

VACUUM TUBE AMPLIFIERS 

BY F. J. BECKETT 

TEKTRONIX, INC. 

ELECTRONIC INSTRUMENTATION GROUP 

DISPLAY DEVICES DEVELOPMENT 

PART 3 

A DC ANALYSIS OF A TYPICAL 

TEKTRONIX HYBRID CIRCUIT 

This i s  the third in a series of three articles offering a new approach to transistor and 
vacuum-tube amplifiers. This new approach i s  based on a simple DC analysis that incorp- 
orates the concepts of "trans-resistance" and the principles of Th6venin's Theorem. 

In this article, conclusions reached in Part 1, "The Transistor Amplifier" (Service Scope 
#42, February 1967) and Part 2, "The Vacuum Tube Amplifier" (Service Scope #43, 
April 1967) form the basis for a DC analysis of a typical Tektronix, Inc. hybrid-amplifier 
circuit. 



A s  a typical example of a Tektronix, Inc. 
hybrid circuit on which to demonstrate our 
DC analysis, we have chosen the vertical 
amplifier of a Type 545B Oscilloscope. 
Th i s  circuit is representative of the hybrid 
circuit one encounters so often in electronic 
instrumentation today. 

T h e  Type 545B vertical amplifier is a 
hybrid push-pull amplifier operating in a 
class A mode. I t  incorporates a few extra 
circuits such as  trigger pick-off amplifiers 
necessary to accotnplisli its function, but, 
basically it is a hybrid push-pull amplifier. 

T o  begin our analysis of the amplifier, 
the  first  thing we must do is select a portion 
of the  amplifier circuit which will give us 
the  information necessary for us to make 
ou r  first calculation. W e  are going to 
analyze the whole circuit so we can choose 
our  point of entry. The input circuit is as 
good a point as any. Bear in mind that, 
f o r  our  purpose, this is not the only point of 
entry. Any point on the circuit which will 
give us useful information would do. 

A quiescent D C  voltage of +67 volts is 
the nominal voltage at the output of the 
plug-in amplifiers used in the Type 545B 
oscilloscope. This voltage appears at termi- 
nals 1 and 3 of J11 in Figure 17, and thus, 
a t  the grids of V494A and V494B, a 6DJ8 
dual triode. The input cathode follower 
(V494 A 8r B) has a bias of about 4 volts; 
therefore, both cathodes will be at  +71 volts. 
T h e  base voltage of Q514 and Q524 is then 
fixed a t  71 volts. This sets the emitter 
voltages of Q514 and Q524 at  one junction 
drop more negative (they are both N P N  
transistors) than the base. Therefore, the 
voltage at  the emitter of Q511 and Q524 is 
70.5 volts. T5OO is a small toroidal trans- 
former used for high-f requency cotinmon- 
mode rejection. The D C  BALANCE Con- 
trol, R495, sets the quiescent condition. \Ve 
mean by this tlnat the trace is centered. 

We have niade certain assumptions about 
the bias of a vacuum tube and the base-to- 
emitter voltage drop of a transistor. This 
is  quite justifiable since we know what 
function the device performs. One helpful 
hint al~out transistors is that you can expect 
a has-to-emitter volt;.ge drop of ahout 0.5 
to 0.6 volts for a silicon transistor and 
about 0.2 volts for  a germanium transistor. 

'igure 18. The circuit which w i l l  determine the DC emitter currents for either Q514 or Q524. (A)-Tht 

x t u a l  circuit as shown in Figure 17. (6)-The equivalent DC circuit considering R517 as two resistors througt 

~ h i c h  the individual emitter currents wi l l  f low. 

W e  are now able to calculate the emitter 
current of either Q514 or Q524. The DC- 
emitter current will flow through R515 or 
R516 and into R517 to ground. Since the 
emitter currents of (2514 and Q524 both 
pass through R517, we ma)- think of R517 
being niade up of two resistors, each of 
2.6 kR in value, in which the individual emit- 
ter currents will flow, refer to Figure 18: 
Therefore, 

W e  can now calculate the value of r,, the 
dynamic-emitter resistance, 

to this we can add our constant, R,, of say, 
4 R. \fie recall that : 

therefore : 

or ;tpproxitnately 5 R. \\.e have now estah- 
lislied the \ d u e  of the emitter current and 
the value of Itt for (2514 :mtl (2523 

Our next step is to find the value of RE. 
W e  must lanow this value in order to calcu- 
late gain. You will recall tlnat Rls will be 
that impedance tlnrough which the signal 
current will flow to the AC ground. Let 
us take another look at the resistive net~vork 
between the emitters of Q514 and Q523. 
The signal currents flowing in this circuit 
will be equal and opposite at two points, 
refer to Figure 19. These points are virtual 
AC-ground points ; theref ore, the impedance 
seen by the signal current from the emitters 
of Q514 or 51524 will be the parallel com- 
bination of 153 R and 27 Q.. or approximately 
23 to the AC ground ooints. Hence. Ri: 
for Q514 or ~ 5 %  will i e  23 Q.. 

R515 VIRTUAL AC 
27  GR0UN.D POINTS 

GAIN CONTROL 
SET R520g AT 

MID RANGE 

F~gure  19 The locat~on of the v ~ r t u a l  AC ground 

pomts between the emltters of Q514 and Q524 

@ 1967 Tektronix,  Inc. 
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W e  liave now calculated from this part of 
t h e  circuit all of the information we need 
t o  progress further into the circuit. Let us 

There is one point we should make clear 
here. W e  have assumed a value of 4 R 
for  R, which you will recall is equal to 

The trigger pick-off amplifier Q523 is 
one part of a tr;uisistor cascode :unplifier. 
The input stage is 12514 and Q521. Korm:illy, 
tlie gain of a tr:tnsistor cascode amplifier is 
the ratio of RI. to h i  + Ri.  The gain in this 
case must he multiplied hy 0.5 for the fol- 
lowing reason. The signal current is equally 
divided :it the plate of \'514B, half of the 
signal current will flow tlirough the tlehy 
line imped:~ncc (93 Q )  ;uid tlie other hnli 
through Ii.526 :~nd finally tlirougli the load 
impetlance of Q.523. The 1o:~l impedance \\.ill 
Ix that irnpetl:ince \vl~icli is comiected to the 
AC ground. The collector of Qi23 is con- 
nected to the base of Q.513. The impedmce 
Ive see looking into the base of 52543 is 

t u r n  our attention to the circuit around 
Q513 and Q523. The first thing we notice 
is  tha t  the base of Q513 and Q523 are tied 
together a t  an AC-ground point. You will 

Rb - . R, can vary from between 2 R  to 

P 
24R depending upon the type of transistor 
(refer to Part  1, "The Transistor Ampli- 
fier" SERVICE SCOPE #42, February 
1967). This is one of those few times we 
should be really a bit more specific about 

recall that the impedance we see looking 
into the emitter of the common-base con- 
figuration is Rt. In order to calculate 
R t  w e  must, of course, calculate r, and add 
o u r  constant for R, of 4 R ;  r, will be a 
function of the actual value of current flow- 
ing into the emitter. 27 millianips has been 
se t  in the emitter circuit of Q514 and Q524; 
but  not all of this current will flow into the 

assuming a value of R,. The sum of the 
impedances 5.68 R and 90.9 R should be equal 
to 93 R since our delay line is a 186 Q  balanc- 
ed line. Therefore, we liave a difference of 
3.58 R between the theoretical value and the 
calculated value, or an error of approxi- 
mately 3.7%. This error has been due in 
part to our presupposed value of R, to be 
4R. Such an error could not be tolerated 
in design work but it is acceptable here for 
our purpose of DC analysis. Bear this limita- 
tion in tnind when you apply this analysis. 

If we choose to neglect the input circuit 
of the trigger amplifier we see that RI: i11 
this case is R547 6.5 1;R A beta of 50 is a 
close figure to use for Q513, and since R1: 
> > R, then, There is another point we must clear up. 

What is the load impedance of the hybrid 
cascode amplifier Q514, V514A or Q524, 
V514B? Clearly it will be that impedance or 
impedances connected from the plate of 
V514A or V514B to the A C  ground. W e  are 
using a balanced delay line of 186 R, (93 R to 
a side), referenced to the AC ground. There- 
fore, the delay line inipedance (93 R) must 
shunt R5l l  in series with R t  (or  R526 in 
series with R t )  making an effective load 
impedance of approximately 47 R in the plate 
circuit of V514A or V514B. W e  now have 

Ri,, = p R1: 

= 50 X 6500 rl J TO 
DELAY LINE 

TO EMITTER a523 
VIA R527 (3.01 K)  

F igure 20. The DC current paths in the emitter 

circuit of Q513 o r  Q523. 
all the necessary information to calculate 
the gain to this point. 

This impetlance shunts R.531 (75 I&) and 
1328 ;I 1 5 Id1 u ire-\\ ound I esistor. \\'e 111;iy 
then, for all practical purposes, consider 
L.528 the collector load resistance (RI.) ; 
therefore, 

emitter of Q513 and Q523. 11.5 milliamps 
will flow through R510 and R527, refer 
t o  Figure 20. The actual value of current 
into Q513 or Q523 will be 15.5 milliamps. 
Therefore, the impedance ( R t )  we see look- 
ing into the emitter of Q513 and (2523 will be 

Q534 is the beam-indicator amplifier. I t i  
function is to t lr~ve t n o  neon lamps s~tuated 
above the CRT on tlie front ~xuiel of the 
oscilloscope. These neons indicate the posi- 
tion of the trace in a vertical direction. In 
the quiescent condition the voltage at  the 
junction of R.535 ;mtl R.536 is 287 volts. Both 
indicator neons, B538 and 13539, have 62 

This impedance of 5.68 0 plus R511 or 
R526 (90.9 R) constitutes part of the load 0523 is the trigger pick-off amplifier and 

Q543 is an emitter follo\ver providing isola- 
tion bet\veen the vertical amplifier and the 
trigger circuits. 

impetlaice of the hybrid cascotle amplifier 
Q.514, V514A or Q524, V514B and the neces- 
sary matching impedance for the delay line. 

\-OILS across them, not enough voltage to 
strike either neon (This type of neon has a 
striking voltage in excess of 68 volts.) 



When we apply a negative signal to the 
vertical input of the oscilloscope, tlie base of 
52524 is driven negative and the base of 
52.514 moves in a positive direction by a 
sitnilas amount. Therefore, tlie current 
through R530 decreases and the current 
through R507 increases. The voltage at  the 
emitter of Q534 Increases and tlie voltage at 
t h e  base of Q534 decreases. As a result, the 
base-to-emitter junction of Q534 becotlies 
reverse biased and Q534 ceases to conduct. 

Therefore, tlie voltage at  the junction of 
R535 and R536 rises towards 350 volts 
striking neon B539 which indicates trace 
has shifted down. 

R513 and R523 and the DC S H I F T  con- 
trol R502 are thermal-compensation net- 
works. The thermal time constants are long 
and the visible result appears on the CRT 
display as a DC shift in trace position 
after a step function. The DC S H I F T  con- 

GRID 
+ 3 5 0  V 

V594 T 

+ IOOV 

A - 

L + IOOV (V2) 

Voc 100 VOLTS 

=igure 21. Illustrating the use of ThBvenin's Theorem to simplify a network consisting of a voltage soul 

and a resistive network. (A)-The network whose Thevenin equivalent is to be determined. (0)-Determ 

ing the equivalent source impedance (Zts)  and  the equivalent voltoge source (Vor]. (CI-The ThBvei 

equivalent network of (A) connected to the junction of R574 and R576. (Dl-The equivalent circuit CI 

sidering Zt l ,  as two resistors through which the individual emitter currents wi l l  f low. 

trol is adjusted for the best dynamic thermal 
compensation, typically about 170 tilt. 

W e  will now analyze the output circuits 
to the right of the delay line, refer to Figure 
17. The first thing we must do is to cal- 
culate the voltage at the base of Q594 or 
Qj84. The voltage at the junction of R532 
;ind Rj33 (174 ~ o l t s )  will set the base volt- 
age of Q513 antl Q523. Assuming n junction 
drop of 0.5 \olt tlie voltage at  the emitter of 
(2513 and Q523 will be 173.5 volts. The cur- 
rent tlirough R511 and R526 is 27 niilliar~ips, 
hence the voltage drop across thcse resistors 
will be 

- , 2.5 volts 

therefore, the voltage at  the plate of V514A 
and V514B is 

173.5 - 2.5 -- 171 volts. 

This 171 volts is directly coupled to the base 
of Q594 and Q584 via the delay liue. The 
voltage at  the emitter of both Q594 and Q584 
is then 170.5 volts. W e  will now calculate 
the current flowing into the emitter of Q594 
or Q581. Figure 21 shows a step-by-step 
approach in solving this probleni. The s in-  
plest approach is to use Th6venin1s Theorem 
to simplify the resistive network R569, R570, 
R57l antl R572. The result is we have a 
V,, of +I00 volts and a Ztll of 900R to 
the junction of R574 and R576. Therefore, 
looking from the emitter of either Q594 or 
Q584 we see an impedance of 13.3 R in series 
with 1800 R to + 100 volts. 

we now calculate r, 

and to this we add our constant R, of 4 R; 
therefore. 

= 4.7 R's 



W e  have only one point in this circuit ( a  
v i r tua l  A C  ground point) a t  which the sig- 
n a l  currents will be equal and opposite. Tha t  
po in t  is the junction of R574 aud R576 
(13.3 R resistors). This fact sets RI: at  
13.3 R. T h e  purpose of the RC network to 
t h e  right of R574, R576 is to compensate the 
h i g h  frequencies. 

T h e  input impedance we see looking into 
t h e  base of Q594 or  Q584 is 

A beta of 75 for  this type of transistor is 
a close figure to use for  practical purposes. 

Therefore, 

R,,, c 75 (13.3 + 4.7) R's 

T h e  value of Ri,, is part of a resistive net- 
work which will terniinate the delay line in 
its correct impetl;uice. Therefore, before we 

Ri,, = p (RE + Rt) (10) leave this section we 111ust check to see if our 

HIGH FREQUENCY 
NETWORK 

DELA; LINE 
IMPEDANCE 

C 
AC GROUND 

A - 

/ AC GROUND 
NET IMPEDAN~E TO 

AC GROUND 

I 
r------------ 
INPUT IMPEDANCE 

I 
I 

I 

=75(13.3+4.7 

AC GROUND = 1350n 

' igure 22. I l lustrating a step-by-step approach for analyzing the circuit between the output of the delc 

ine and the base of Q594 or Q584. (A)-The circuit between the output of the delay line and the bas 

~f (2594 or Q584. (El-The net impedonce of the circuit in (A) to the AC ground between the output ( 

he delay line and  the base of Q594 or (2584. (C)-The input impedance into Q594 or Q584 and the nt 

rnpedonce, as shown in (B), providing the terminating impedonce for the delay line. 

value of Ri, is withiti practical limits. Figure 
22 shows a progressive brealtdown of this 
network. 

Tliis network will itiduce a loss between 
the two stages. The  signal is rcduced in 
amplitude by a factor of 0.64 because of the 
voltage divider network consisting of 57.6 fl 
and the parallel combination of 100 R, 
2800 R,  antl the input impedance into Q594 or  
Q.584 

The  gain of the output stage is 

You recall that the gain equation of a 
hydrid c a w x l e  amplifier ( re fe r  part 2, "The 
Vacuum Tulle Amplifier," Scrvicc Scope 
#43, April 1967) must 11c multiplied by the 
pktte efficiency factor ( a )  if thc vacuum 
tulle is not a triode. Tlic plate efficiency 
factor ('I) normally varies f rom between 0.7 
to 0.9. In  this case ( a )  is approximately 
0.9 - 0.88 to be exact. S o  finally, 

The  gain of the cotnplete Type 545B 
vertical amplifier is 

A,,, (total) = 54.9 X 1.68 X 0.64 

s to :t close this series of three 
articles tlealing \\-it11 a pr:cctical approach 
to transistor antl v:icuu~ii-tulle amplifiers. 
Tliis approach has I~een  offered as a direct 
niethotl of troullle shooting ant1 understancl- 
ing circuits. There :)re limit:itions as to its 
application :LS \vc have seen. I~Ton.cver, these 
l imi t :~ t io~~s  (lo not impair the practical 
: c p p r o : ~ l ~  \ye niust apply to our everythy 
mainten;cnce and trouhle sliooting problems. 



54 is an advanced new portable 
oscil loscope with DC-to-150 MHz bandwidth and 2.4-11s 
risetime performance where you use it-at the probe tip. I t  
is designed t o  let you make convenient measurements of 
fast-rise pulses and high-frequency signals previously out- 
side the range of conventional oscil loscopes. 

The Type 454 is a complete instrument package with dual- 
trace vertical, high-performance triggering, 5-nsldiv delayed 
sweep and solid-state design, all in  a rugged 31-lb. instru- 
ment. You  also can make 1 mV/div single-trace measure- 
ments and 5 mV/div X-Y measurements with the Type 454. 

The2.4-ns risetime and DC-to-150 MHz bandwidth are speci- 
fied at the  t ip  of the new miniature P6047 10X Attenuator 
Probe. T h e  dual-trace amplifiers provide the fol lowing 
capabilities with o r  without probes: 

Deflecfion Factor* Risetime Bandwidth 

a 6 by 10 div (0.8 cmldiv) viewing area, a br ight P-31 phos- 
phor and an illuminated, no-parallax, internal graticule. 
The  Type C-30 and the New Type C-40 (high writing speed) 
cameras mount directly on the oscil loscope. 

The  instrument can trigger to  above 150 MHz internally, and 
provides 5-nsldiv sweep speeds i n  either normal or delayed 
sweep operation. The calibrated sweep range i s  f rom 50 
nsldiv to  5 sldiv, extending to  5 nsldiv with the X I 0  magnifier. 
Calibrated delay range is f rom 1 ,us to  50 seconds. 

The Type 454 is designed to  be carried and has the rugged 
environmental characteristics required of a portable instru- 
ment. A rackmount, the 7-inch-high Type R454 oscil loscope, 
is available with the same high performance features. A lso  
available is the new Type 200-1 Scope-Mobile@ Cart. 

230,000 square f ee t  devoted to  
*Front  p a n e l  reading.  De f lec t ion  fac to r  w i th  P6047 i s  lox  pane l  reading.  R&D . . . part of t h e  Tehtronix  
The Type 454 features a new CRT with distributed vertical commi tmen t  t o  progress 
deflection plates and a 14-kV accelerating potential. I t  has i n  t h e  measurement sciences 

For complete information, contact your Field 

Engineer, Field Representative, or Distributor. 







Maintaining the fidelity of electronic signals that of necessity have to be trans- 
mitted from point to point is  of primary concern to those that design, build and main- 
tain electronic equipment. The simple, inexpensive coaxial transmission line i s  per- 
haps the most common method used to accomplish this task. The techniques 
for determining transmission line performance vary from simple visual inspection to 
elaborate instrumentation set-ups that require a great deal of skill and time. The 
availability of instruments such as the Tektronix Type 1 S2 TDR Plug-In Unit have sim- 
plified the testing of transmission line performance. 

This article begins with a comparison between two methods of testing transmis- 
sion lines - Sinewave testing and Voltage step-function testing. The Sinewave test- 
ing method i s  known as Frequency-Domain Reflectometry (FDR) and the Voltage 
step-function method is known as Time-Domain Reflectometry (TDR). The FDR-TDR 
comparison i s  followed by a basic description of TDR testing principles; reflections 
from capacitors and inductors; reflections from resistive discontinuities; coaxial-ca- 
ble response to a step signal; and finally, special applications. 

The waveforms illustrated throughout this article were taken with a C-12 Camera 
using a Type 547 Oscilloscope and the Type IS2  TDR Plug-In. The Type IS2  Plug- 
In converts any Tektronix 530, 540, 550-Series Oscilloscope to a TDR measurement 
system. 

Frequency domain reflectrometers, the slot- 
ted line and bridges, drive and observe the 
input terminals of a transmission line as a 
function of frequency. They do not locate 
discontinuities on a distance basis. As a re- 
sult, measurement techniques and the unique 
advantages of such devices differ from those 
of TDR.  

A pure resistance measured by either time 
domain or frequency domain devices will ap- 
pear as an infinitely long lossless transmission 
line. Thus, a perfectly tern~inated short length 
of lossless line will yield the same informa- 
tion to both kinds of testing, and r~either k s t  
system can locate the termination. However, 
if  the termination includes a small inductive 
o r  capacitive reactance, both systems will in- 
dicate its presence, but the T D R  system nil1 
show wliere in the line the reactance is located. 

The following comparisons of T D R  and 
frequency domain ( F D R )  devices are sup- 
ported by four specific examples and illustra- 
tions. 

1. F D R  measures Standing \\-ave Ratio 
(S\VR) directly, but a T D R  display can 
speed F D R  testing by locating resonant ire- 
que!icies of resonant net~vorks prior to FL)R 
testmg. 

2. T D R  locates discrete discontinuities and 
permits analysis of their value. But F D R  will 
indicate two different resonant discontinuities 
wliich may be located very close together 
wl~en TDR may not. 

3. F D R  measures an antenna standing wave 
ratio directly while T D R  mill not. But T D R  
will locate faults more quickly and identify 
the type of fault more rapidly than will FDR,  

should a change in S W R  indicate problems. 
The time domain display will validate a trans- 
mission line to an antenna, while frequency 
domain reflectometry cannot, unless the an- 
tenna is disconnected and the transmission 
line terminated. 

3. T D R  can locate small changes in trans- 
mission line surge impedance (such as a 
too-tight clamp holding a flexible line) while 
F D R  xi11 show whether o r  not the S W R  
is acceptable. 

5. Both test systems xvill quantitatively 
evaluate single discrete reactances, with 
higher degree of accuracy possible with F D  

6. Both T D R  and F D R  have advantages, 
each being very valuable in its own way. 
Thus, the t n o  systems complement each other 
:mtl both aid wliere observations and measure- 
ments are required. 

1967, Tektronix, Inc. 
* , I  "'_L,_ D^_^. . .^_ I  



A one pF  discrete capacitor inserted in 
parallel with a transmission line w ~ l l  protluce 
airnost no T D R  indication if the step pulse 
h a s  a risetime of 1 nanosecond. The same 
capacitor will produce a significant reflection 
if the step pulse has a risetime of 150 pico- 
seconds. A F D R  test will produce a large 
SWR at the series resonant frequency deter- 
mined by the capitance and its lead induct- 
ance.  Such a discontinuity would requlre 
considerable time for  proper F D R  testing due 
t o  the numerous frequency test points, but 
w i th  a fast rise T D R  system the cap? . cltance . 
a n d  resonant frequency can be quickly deter- 
mined. 

F i g  1 shows waveforms and S W R  curves 
of first a single capacitor and then t a o  ca- 
pacitors inserted in parallel with a trans- 
m~ss ion  line. Note that the F D R  measurement 
o n  the right side of the figure plainly shons 
the  two resonant circuits of the two closely 
spaced small capacitors, while the T D R  tlis- 
play at the left shows two resonant fre- 
quencies, but not in a manner to permit 
separation of the two capacitors. 

The  single capacitor of this example was 
made of % inch wide strip copper, .5/y inch 
long, with one end soldered to the side of a 
component insertion unit (Tektronix Part  
No. 017-0030-00) and the other end near the 
center conductor. The insertion unit was 

modified to have a continuous center con- 
ductor using t i m e  inner transition pieces 
(Tektronix Par t  No. 358-0175-00). One of 
the inner transition pieces was shortened to 
tit I~et\veen the two mountetl end pieces, and 
then soldered in place. The second capacitor 
(resonant at  2.1 GHz) was a 0.5 to 1.5 p F  
piston trimmer with a total lead length of 
about 5/16 inch, and it was adjusted to about 
1.2 pF. The piston capacltor was soldered 
in place in parallel w t l i  the strip copper 
capacitor about J/ inch away. I t  is obvious 
from both testing methods that neither ca- 
pacitor was critically damped by the char- 
acteristic impedance of tlie transmission line. 
The physical and equivalent circuit of the 
single shunt capacitor is shown in Fig 2. The 
single capacitor test was made with a shield 
in place completely covering both openings. 

Fig 3 shows tlie ability of T D R  to locate 
an off-impetlance point in a transmission line, 
and ~uicli lp resolve its value. The same 
througli-connected insertion unit used in ex- 
ample numi)er 1 was tested without any com- 
ponent inserted in it. The shield was in place 
for both T D R  and F D R  testing. 

The T D R  display of Fig 3 shows the in- 
creased surge impedance due to the increased 
tliarneter of the outer conductor at the t\vo 
cutout access slots. Such a T D R  display nil1 
permit rather rapid correction to be made to 
the center conductor diameter if one desires 

Fig 1 .  Two examples of discrete shunt capacitors. I 

to make a truly constant impedance tl~rougli 
the length of the insertion unit. 

The S\irli curve shows some changes from 
a constant impedance transmission line, but 
does not help to locate an aberration if it is 
inside a continuous piece of cable. Either 
F D R  or T D R  would help one to make the 
unit have a constant impedance if such a unit 
I\ ere being designed. 

I Fig 2. Capacitors measured in Fig 1 .  I 

Fig 3. Modified (through-connected) Tek- 
tronix Insertion unit for testing small com- 
ponents in parallel with 50 line. 



F i g  4 shows two T D R  and two S\VR plots resonant frequencies of the non-shorting type 
of a simple dipole antenna. The T D R  wave- antenna. .4n antenna design engineer could 
f o r m s  a t  the left were photographed first, use the S\\'R data and F D R  test equipment 
quiclcly locating the two radiating resonant to test a compensating network to be located 
frequencies and permitting a saving in tune at the antenna to mi~iiniize standing Tvaves 
f o r  the  F D R  testing. The S\VR curves per- in the transmission line. The T D R  system 
mit a direct evaluation of the antenna radia- cannot be used for such design assistance. 

RI I T r n  ,k Fig 5 shows both T D R  and F D R  tests of a 
tion resistance ( -  ' = --- z,, ]',,I,,, 

if RL is PI I IC-  General Radio Type 874-K series bloclang 
canacitor. The unner T D R  disnlav nermits - - -  
di&t calculation-bf the series capacitance, 

ly resistive), while the T D R  display tells only in this case approximately 6.2 nanofarads 
the transmission line quality and the radiating (0 .0062~F) .  

1 Fig 4. Two plots of 435 MHz dipole antenna. I 

The S W R  curve shows that the series ca- 
pacitor does not upset the transmission line 
significantly except for low frequencies. The 
middle T D R  waveiorm shows the change in 
surge impedance due to the physical shape of 
the series capacitor. Note that the disc ca- 
pacitor reduces the transmission line surger 

p 

impedance to approximately 19 ohms for 0111. 
a very short period of time. The same dis- 
play also permits the precise location of ad- 
jacent discontinuities that affect the high fre- 
quency performance. The combined TDR and 
F D R  data tells more about the series ca- 
pacitor unit than either testing method does 
alone. 

Time Domain Reflectiometry can be under- 
stood most easily if its operation is first com- 
pared with a D C  circuit. 

Fig 6 shows three simple circuits that can 
be related to transn~ission lines and TDR.  Fig 
6X is the diagram of an ordinary resistance 
voltage divider, where the voltage across 

Fig 5. Series blocking capacitor: General 
Radio Type 874-K. I 



R2 Rz i s  En? = R1 + R2 X E o f  the battery. ( 1 )  

F ig  6B  substitutes Rli,, (or  Z,) for R?, 
and substitutes R, (generator resistance) for 
R1. It is assumed the battery has zero internal 
-esistance and that R, is an inserted series 
generator resistance. I f  the battery is 1 volt 
and i f  R, = R~I,,, ,  then a voltmeter across 
R,,,, will indicate 0.5 volt when the switch 
is closed. 

Fig  6C indicates a pair o f  zero resistance 
w i re s  o f  same length physically connecting 
R1i,,, to the battery and switch. A voltmeter 
across RII.. will still indicate 0.5 volt when 
the  switch is closed. 

F ig  7 substitutes a step generator for the 
battery and switch o f  Fig 6. T h e  generator 
has zero source resistance so R, is agam 
added in series wi th  the generator. T h e  gen- 
erator and R, drive a finite length trans- 
mission line that has a characteristic irnped- 
ance o f  Z,. T h e  transmission line has output 
terminals that permit connecting a load RI.. 
An oscilloscope voltmeter measures the volt- 
age signal(s) at the input end o f  the trans- 
mission line. 

Assume that no  load resistance is connected 
t o  the  transn~ission line output terminals (RL 
= a )  and that R, = Z, ( Z ,  acts exactly 
as i f  it were the DC resistor RII,,, o f  Fig 
6 ) .  A s  the zero impedance step generator 
applies its 1-volt step signal t o  R,, the oscillo- 
scope voltmeter indicates 0.5 volt. T h e  oscillo- 
cope voltmeter will continue t o  indicate a 

~ . 5  volt signal until the wave has traveled 
down the line t o  the open end, doubled in 
amplitude due t o  no current into RL = a ,  

and reflected back to the generator end o f  
the line. T h e  oscilloscope finally indicates a 
signal o f  1 volt a f ter  the measurable period 
o f  time required for the step signal t o  travel 
down and back the finite length o f  open end- 
ed transmission line. 

>Z,, then p is positive. I f  the line is termi- 
nated in RI. <Z,, then p is negative. T h e  
dependence o f  p on the transmission line 
load is 

Fig 8 shows TDR oscilloscope (voltmetcr) 
displays related to the value o f  RL vs the 
value o f  the transmission line Z,. Apply 
resistance values o f  5 0 8  t o  R, and Z,, and 
75 8 to  RL o f  Fig 7. B y  formula ( I ) ,  the 
oscilloscope display o f  the reflection ampli- 
tude will be 0.6 volt. T h e  actual reflection, 
however, is only 0.1 volt added to  the 0.5- 
volt incident step. 

A somewhat more convenient method o f  
handling signal reflections than has just been 
suggested, is to consider the reflection as 
having been added to  or subtracted f rom the 
incident pulse. Thus  the reflection amplitude 
is not measured f rom zero volts, but is refer- 
enced to the incident signal amplitude. This  
permits establishing a ratio between the in- 
cident and reflected signals which is ca!led 
the reflection coefficient, rho ( p ) .  T h e  value 
o f  p is simply the reflected pulse amplitude 
(,the display total amplitude minus the in- 
cldent pulse amplitude) divided by the inci- 
dent pulse amplitude. Fig. 9 shows the two 
parts o f  the display appropriately labeled to 
identi fy the incident and reflected signals. 

W h e n  p = 0, the transmission line is termi- 
nated in a resistance equal to its characteristic 
impedance Z,. I f  the line is terminated in RL 

Fig. 6. Circuits showing DC analogy of TDR. 

I Fig 7. Adding the time dimension to the circuit of Fig 6. I 

I f  is known, RL can be found by  rear- 
ranging formula ( 2 )  ; 

Formula (3) applies t o  any display that re- 
sults f rom a purely resistive load. T h e  load 
shown in  Fig 9 is assumed to  be at the end o f  
a lossless coaxial transmission line. 

Fig 8. Oscilloscope voltmeter displays for 
circuit of Fig 7, dependent upon value of 
RL vs .Zo. 

I Fig 9. TDR oscilloscope displays for various 
values of RL vs Za. I 



Substituting 5 0 8  for 2, in formula (3 ) ,  
calculations for small values of p show that 
each division of reflected signal is approxi- 
mately equal to a certain number of ohms. 
Table 1 lists the ohms per division for verti- 
cal deflection factors of 0.005 p, 0.01 p and 
0.02 p. Or, for RL values near 50 a ,  you ma: 
use the approximation formula 

This approximation formula has an error of 
I: 2.2% for absolute values of p 5 0.1 and 
an error of < 8% for absolute values of p 
5 0.2. 

RL for reflections with up to essentially 
+1 or -1 can be quickly determined using 
the graph of Fig 10. Fig 10 is based upon a 
transmission line surge impedance of 50 C? just 
prior to the discontinuity that causes the re- 
flection signal. The graph of Fig 10 may be 
photographically reproduced without special 
permission of Tektronix. 

TABLE 1 

RL Approximations For Reflection 
Coefficients of 0.005, 0.01 and 0.02 
Related to a 50 s2 Transmission Line 

p/div I R/div I Error/div 1 

REFLECTIONS FROM CAPACITORS AND 
INDUCTORS 

Contrary to frequency domain measure- 
ments, T D R  response to a reactance is only 
momentary. Thus either an inductor or a 
capacitor located in a transmission line will 
give only a short duration response to the 
T D R  incident pulse. Analysis of large re- 
actances is relatively simple and makes use of 
time-constant information contained in the 
reflection display. Small reactances are not 
so simple to evaluate quantitatively, so will be 
treated separately. 

barge Reactances 

The difference between a "large" and a 
"sn~all" reactance is not a fixed value of 
capacitance or  inductance, but is instead re- 
lated to the T D R  display. If the displayed 
reflection includes a definite exponential curve 
that lasts long enough for one time constant 
to be determined, the reactance is considered 
"large". 

Discrete (single) capacitors connected in 
series or parallel with a transmission line 
start to charge at  the instant the incident pulse 
arrives. Inductors start to conduct current at  
the arrival of the incident pulse. Both forms 
of reactance cause an exponentially changing 
reflection to be sent back to the T D R  unit. 
When a capacitor is fully charged, the T D R  
unit indicates an open circuit. When an 
inductor is fully "charged" (current through 
it has reached its stable state), the T D R  ur 
indicates a short circuit. The T D R  unit w 
indicate an inductor's series DC resistance if 
its value is significant in relation to 2,. The 
general form of reflection and long term 
effect upon the T D R  display by both induc- 
tors and capacitors is listed in Table 2 and 
Table 3. 



Finding One Tiine ConsEmf 

In practice, T D R  reactance displays usually 
contain aberrations of the desired pure ex- 
ponential reflection. Such aberrations prevent 
f inding the normal 63% one time-consjant 
point  of the curve accurately. (The aberrations 
a r e  due to either the environment around the 
reactance, i.e. stray inductance in series with 
a capacitor, or strap capacitance in parallel 
w i t h  an  inductor, or secondary system reflec- 
t ions.)  However, accurate time-constant in- 
forn-ration can be obtained from less than a 
complete exponential curve. The principle 
used requires that a "clean" portion of the 
display must exist. The "clean" portion used 
mus t  include the right-hand "end" of the dis- 
played curve ( a  capacitor is then fully charg- 
ed, o r  an inductor current has stopped chang- 
i ng ) .  The "end" of the curve will appear on 
the  display to be parallel to a horizontally 
scribed graticule line. Thus, aberrations that 
exis t  at  the beginning of the curve can be 
ignored. 

F i g  11 shows the first example of obtaining 
valid titne-constant information from less 
t han  a full 100% exponential curve. The 
technique is to choose any "clean" portion of 
t he  display that includes the "end" of the ex- 
ponential curve and find the half-amplitude 
point. The time duration from the beginning 
of any new 100% curve section to its 50'30 
aniplifude point is always equal to 69.370 of 
one  tlme constant. Thus, the time duration 
f o r  a 50% change divided by 0.693 is equal 
t o  one tlme constant. 

F i g  11 shows the T D R  displays of a ca- 
pacitor placed in series with a transmission 
line center conductor (2 2, environment). 
Th i s  picture and the other waveform pictures 
shown in this article were talcen with a Tek- 
tronix C-27 Camera mounted on a Tektronix 
Type 547 Oscilloscope with a Tektronix Type 
1 S 2  Ref lectometer and Wideband Sampling 
Plug-In Unit. F ig  11A waveforms comprise 
a double exposure with the left curve taken 

while the Type IS2 RESOLUTION switch 
was at  NORMAL and the right curve taken 
when the switch was at HIGH.  Both curves 
sive sufficient information to measure one 
tlme constant. Kote that the top of the inci- 
dent pulse is indefinite (in the displays) due 
to the sweep rate and short length of cable 
used between the Type IS2 and the capacitor. 
Such a display does not have a definite begin- 
ning of the normal 100% exponential curve. 
This prevents 63% of the total curve from 
being read directly from the display. ( I t  is 
also quite possible for lead inductance to 
cause a capacitor to ring. \\{hen a T D R  dis- 
play shows capacitor ringing, the ringing can 
sometimes be reduced by: 1. using the slower 
1-Volt pulser, and/or 2. changing the trans- 
n-rission line environment to place a lower 
value Z, in parallel with the capacitor.) 

The double exposure of Fig 11B shows a 
full exponential curve beginning in the vicinity 
of 1 division from the graticule bottom. Then 
the same curve has been time-expanded for 
easier reading. The indefinite beginning of 
the 500 ns/DIV exponential curve prevents 

Single Capacitor or Inductor T D R  
Displays when Connected Across End 

of Transn~ission Line 

FABLE 2Single Capacitor or Inductor T D R  Displays Related to Terminated Transmission Lines. 

1 TABLE 4 "Large" Capacitor Circuits and Formulae. 

finding one time constant by measuring the 
time of 63% of the total curve amplitude. The 
new arbitrarily chosen 100% amplitude portion 
of the curve begins at the graticule center 
horizontal line and extends (off the right of 
the grat~cule) to the top graticule line. Three 
divisions were chosen for the new 10070 ex- 
ponential curve, with the 100% and 50% 
points marlted. Then, dividing the time for  
the 5070 amplitude change by 0.693 gives a 
total one time-constant time value of 650 ns. 
Since the equivalent circuit shows 2 2, in 
series with the capacitor, its value is found 
by forinula (4) (Table 4) to be 6.5 nano- 
farads. 

barge Capacitors 

The difference between a "large" and a 
"small" capacitor is not a fixed value of ca- 
pacitance, but is instead related to the T D R  
display. If the display includes a definite ex- 
ponential curve that lasts long enough to per- 
mit one RC time constant to be determined, 
the capacitor value can be found by using a 
normal RC time-contsant formula). The ac- 
tual formula varies according to the equiva- 
lent circuit in which the capacitor is, located. 
Table 4 lists the possil~le configurat~ons and 
their related formulae. 

The first example of "large" capacitance 
measurement was given under the previous 
heading Finding One Time Constant. The 
large value of capacitor used is easy to meas- 
ure and usually causes only one aberratio!~ 
to the exponential curve. That aberration IS 

the intlef inite curve beginning. 

When testing s~nall capacitors that still pro- 
duce a usable exponential curve, it may be 
difficult to get accurate time-constant data 
when there are reflections within the system. 

I Fig 1 1 .  Exponential curves and circuit of 
6.5 nF capacitor in series with terminated 
transmission line. I 



F o r  example, a 100 p F  discap \vas soldered 
into a General Ratio Radiatiug Line section 
( F i g  !2). Tlie 1-Volt pulser was used; re- 
ref lec t~ons  from the pulser distort tlie ex- 
ponential curve at the arrow of Fig 12.4. The 
re-reflection is moved to the right just out- 
side the time \zindow by placmg a 20 nsec 
signal delay RG213/U cable between tlie 
pulser and the sampler. The acceptable wave- 
f o r m  is slio\vn in Fig 12B. Fig. 12C is 
a double exposure that shows first how the 
"end" of the exponential curve is set to a 
graticule line. Then the display is time ex- 
panded to 500 ps/DIV (leaving the vertical 
position as adjusted) and the new arbitrary 
100% exponential curve is chosen and niark- 
etl. T h e  capacitor's value taken from tlie time 
expanded curve of Fig 12C and using formula 
(j) is 104 pF  (1.8 X 1 0 ~ ~ 0 0 . 6 0 3  + 25 = 1.01 
X 10-'O = 1 0 l p F ) .  Kote that the vertical 
factor was changed for Fig 12C in order to 
make the time constant nieasurement from a 
clean section of tlie curve near its end. 

Tl ie  difference between "large" and "small" 
inductors follows tlie same general display 
limits as large or small capacitors. A "small" 
inductor in series with a transmission line 
center conductor will give a display that does 
not permit normal time-constant analysis. The 
same inductor in parallel with a terminated 
transmission line may give a display that does 
allow normal time-constant analysis. 

Ringing in the exponential T D R  display is 
of ten  observed when measuring inductors. I t  
is usually caused by distributed capacitance 
across the coil that has not been adequately 
damped by transmission line surge impedance. 
Since an inductor with stray capacitance will 
r ing  unless adequately damped, an inductor in 
parallel with a transmission line (Z,/2 en- 
vironment) will be less likely to ring than 
the same inductor in series with a line (2 Z, 
environment). 

F i g  13 shows waveforms taken of the re- 
flections from a seven turn 3/8  inch diameter 
coil. The  coil was connected across the end of 
a 50 fi transmission line (Z, environment). 
F i g  13A was made using the Type IS2 0.25- 
Volt  fast pulser at  High Resolution. The ring- 
ing makes it impossible to obtain an accurate 
time constant measurement from the display. 
F i g  13B was made using the Type IS2 1-Volt 
pulser a t  Normal Resolution. Here  the slower 
risetime incident pulse does not excite the 
ringing, and in addition the time averaging 
of fast  changes by Normal-Resolution opera- 
tion permits a time constant to be measured. 
Ringing could also have been reduced by a 
Z,/2 environment by placing a termination 
across the inductor, or placing the inductor at  
a convenient mid point of a long line. 

T h e  triple exposure of Fig  13B includes 
three curves: #1, the total reflected signal 
a t  lOns/div and 0.5 p/div; #2, increased 
vertical deflection and the exponential-curve 
end positioned to be one division below tlie 
graticule center horizontal line; and #3, the 
# 2  curve t ~ m e  expanded to 1 ns/div for meas- 
urement of the L/R time constant. The new 
100% to 50% amplitude time duration of 
curve #3 is shown as 3% ns. 3.75/0.693 c= 
5.41ns for 1 time constant. Since the coil is at  
the end of a 50 $2 transmission line, the in- 
ductance is calculated by formula (9) of 
Table 5 to be 270.5 n H  (L == 50 X (5.41 X 
10-7 = 2.705 X lo-' = 270.5 n H )  . 

"Small" reactances are here defined as  se- 
ries-connected inductors and shunt-connected 
capacitors that cause T D R  reflections without 
apparent time-constant reaction to the incident 

pulse. Some small reactances are capable 
of being "charged" (capxitor voltage is 
stable; inductor current is stable) at a rate 
faster than the 0.25-Volt pulser incident pulse 
rate of rise. If the T D R  display has no ex- 
ponential section, normal R C  and L/R cal- 
culations cannot be made. All snlall reactances 
generate T D R  reflections with less than +l p 
or -1 P. 

Small discrete capacitors with leads always 
include stray series inductance of ;I sig111f1- 
cant amount. Fig. 1 and associated discussion 
is an example of such a capacitor with induc- 
tive leads. Stnall shunt capacitors without 
leads may be produced by either an increase 
in a coaxial cable center conductor diameter 
or a reduction of its outer conductor diameter. 
Leadless capacitors are sometimes treated as 
a snvll reduction in Z, rather than as a ca- 
pacitor. Usually, such small capacitors are 
considered capacitance when the section of 
reduced Z, line is so short physically that no 
level portion can be seen iu the T D R  display. 

Sniall series inductors rarely have sufficient 
parallel (stray) capacitance to be significant 
in the T D R  display. However, the coaxial 
environment around such :I small inductor 
does affect the T D R  ?!splay. Small series 
inductors ~vithout capacltlve strays are some- 
times caused by changes in diameter of a 
coaxial cable : decreased center conductor dia- 
meter, or increased outer conductor tliameter. 
This form of inductor is usually treated as a 
small increase in Z, rather than as an inductor. 
Usually, such inductors are considered to be 
inductance when the section of increased Z, 

Fig 12. Example of moving display reflection 
aberrations to obtain a "clean" exponential 
curve. 

line is so short physically that no level por- 
ti011 can be seen in the T D R  display. 

Assumptions that Permit Analysis sf 

The usual T D R  system does not have the 
required characterist~cs for accurately nieas- 
uring s ~ r a l l  reactances. Yet small reactances 
can be measured provided the following as- 
sumptlons are made regarding the T D R  
system 

1. That the actual 'DR system may be 
adequately described by a model having a 
simple ramp as the pulse source and a loss- 
less transmission line with an ideal sampler; 

2. That the rounded "corners" of the actual 
pulse source may be ignored; 

3. That the transmission line high frequency 
losses classed as ''skin effect" or "dribble up" 
are not significant. ("Dribble up" is explain- 
ed under Measuring Technique in connection 
with Fig 17). 

4. That the sampler is non-loading, non- 
distorting and of infinitesimal risetime ; 

5. That parasitic (stray) reactances are 
insignificant. 

The formula for small series inductance 
and small shunt capacitance in a tranmission 
line contain factors for  (1) the system rise- 
time at  the spatial location of the reactance, 
(2) the observed reflection coefficient, aud 
(3) the transmission line surge impedance. 

The system risetime may be measured from 
the display by placing either an open circuit 
or a short circuit a t  the spatial location of 
the reactance. 

The value for  a small series inductor can 
be calculated using the formula 

Fig 13. Seven turn coil across end of 50 fi 
line. 



w h e r e  L is in henries, Z, is in ohnis, tp  is -1 - 
t he  system 10% to 90% risetime in seconds, LY 

a n d  or is a dimensionless coefficient related to \PI  = ff (1 - & ) 
t he  observed reflection coefficient ,, by either 

(11) 
A small shunt capacitor's value can be 

the  graph or Fig 14, or formula (11). calculated using the formula 

1 TABLE 5 "Large" Inductor Circuits and Formulae I 

1 Fig 14 .  Graph for conversion of small reactance observed p to CY for use in formulae ( 1 0 )  and ( 1  2 ) .  1 

where C is in farads, and the other units are 
as in formula (10). 

Fig 15 is an example of T D R  displays from 
a small inductor (1% turn) placed in parallel 
with a 50 a line at  ( A ) ,  and in series with 
the 50 n line at  (B) .  Calculations were made 
on Fig 15A first because the display is a 
clean exponential that permits L/R time con- 
stant analysis. \Vaveforms #1 and #2 of 
Fig 1 2 4  show first the full exponential decay 
through five C R T  divisions, tlien a t  #2 the 
waveform was positioned vertically so the ex- 
ponential end is at  -1 division. Waveform 
#3 used the same vertical calibration, but 
was time expanded to obtain the new 100% 
to 5070 time duration. 

The time duration of the 50% amplitude 
change section of the exponential curve is 
450 ps. This time divided by 0.693 produces 
a one time-constant time duration of 650 X 
lo-'' seconds. Then from formula (8), the 
value of the inductor is 16.22 n H  (1.622 X 
lo-"). 

Fig 1 5 .  ( A )  13/4 turn coil in parallel, ( 8 )  
same coil in series, with 5 0  fl coaxial line. 



T h e  waveform of Fig 15B has an observed 
deflection coefficient of 1-0.58. From the 
graph of Fig 14, 0.58 p is equal to 0.82 a. 
T h e  risetin~e of the system tvas found to be 
160 ps  by disconnecting the insertion unit in 
\vhich the inductor was located and measur- 
ing the  reflection signal risetime. These fig- 
ures placed into formula (11) give a value for 
the series inductor of 16.4nH (1.61 X lo-" 
H ) .  This correlates very well with the pre- 
vious parallel measurement. 

F i g  16 is an example of a small shunt ca- 
pacitor placed across a 50 R coaxial cable by 
compressing the cable outer diameter. Since 
the cable (RG8A/U) has normal impedance 
variations along its length, the pealc reflection 
f r o m  the capacitor can only be approximated. 
Assurning a p of -1 division in Fig 16, then 
by formula ( l 2 ) ,  the capacitance is approxi- 
mately 0.085 picofarads. 

T h e  Type IS2 is useful for observing simi- 
lar small discontinuities along transmission 
lines. In particular, high quality cable con- 
nectors can be evaluated for their ability to 
maintain a constant impedance where two 
cables are mated. Or,  the quality of produc- 
tion installation of high quality connectors to 
flexible cable can be easily evaluated. 

Fig 16. Shunt capacitor, "0.085 pF, caused 
b y  compressing RG8A/U coaxial cable with 
pliers. 

"Dribble up" characteristics of two 
lengths of RG8A/U. I 

Measuring Technique 

The measurement of the small series intluc- 
tor of Fig 15B is explained here to point out 
necessary techniques for measuring small 
reactances. 

In evaluating small reactances with the 
T D R  system, we have assumed the driving 
pulse to be a linear ramp; therefore, the ramp 
risetime must be determined for each change 
in the test system. The words "dribble up" 
refer to the characteristic of a coaxial cable 
to transport a step signal with distortion. The 
time required for the cable output signal to 
reach 100% of the step signal input amplitude 
is mauy t m e s  longer than the interval needed 
for the output signal to change from 0% to 
50'. If we consider that the small reactance 
receives a pure ramp signal, the11 the rounded 
corners of the output pulse must be ignored. 

Fig 17 shows the degradation of the Type 
1S2 incident signal pulse by ttvo different 
lengths of RG8A/U coaxial cable. Fig 17A 
is the reflection from an open cable 96 crn 
long, (192 cm signal path) and Fig 17B is the 
reflection from an open cable 55Ocm long 
(1100 cm signal path). The upper waveform 
in each case was made with the Type 1S2 
VERTICAL UNITS/DIV control set to 0.5 
,y'DIV, calibrated. The lower waveform in 
each case was made wit11 the Type IS2 verti- 
cal VARIABLE control advanced slightly 
cloclcwise to approximate a deflection factor 
of 0.5 p/DIV for just the ramp portion of the 
waveform. 111 each case the signal contiuues 
to rise after the inital step, but Fig 17B shows 
the "dribble up" characteristic very plainly. 
The lowe: waveform of Fig 17A and B does 
not perrn~t an accurate measurement of the 
system risetime because the waveforms as 
sho~vn are  not large enough. Hoviever, the 
upper waveforms of Fig 18A and B are large 
enough to permit a reasonable measurement 
of the 10% to 9070 risetime of the ramp that 
drives the small inductor. I t  is also obvious 
from Fig 18.4 and B that the series inductor 
pealc reflection is truly caused by just the 
ramp portion of the driving signal and not 
by the "dribble up" portion. 

Calculations made from Fig. 18A and B 
using forn~ula  (11) and the curve of Fig 14, 

I Fig 18. Small series inductor measured 96 
cm and 550cm away from Type 152 in 
RG8A/U coaxial cable. 

indicate the series coil has an inductance of 
16.40 1113 at  Fig 18.4 and inductance of 16.51 
n H  at  Fig 18B. (Fig  18A: L = (2.5) (0.82) 
(50) (1.60 X 10.') = 1.64 X 10-'H.) (Fig  
1SB: L = (2.5) (0.66) (50) (2.0 X 10.') 
= 1.651 X 10."~: )  ~his ' indicates tliai an ill- ~, 
ductor in series with a coaxial transmission 
line can be accurately measured so long as t h ~  
risetime of the ramp portion of the incident 
signal can be measured. Fig 18B indicates 
that a cable of RG8A/U a bit longer than 550 
cm might make it difficult to measure the 
ramp risetime from the display. If a cable 
has sufficient length to prevent a reasonable 
display to measure the ramp 10% to 90% 
risetime, the small series inductor canuot be 
measured. 

Calculatio~ls of cable risetime will not per- 
mit sn~all  inductor measurements because the 
Type IS2 vertical p/DIV calibration must be 
adjusted in each case. Once the vertical gain 
has been increased to measure the ramp rise- 
time, the same new adjusted vertical p/DIV 
settiug is used for measuring the observed p 
from the series inductor. If the cable is long 
enough to make it impossible to "see" the top 
of the ramp, the inducior cannot be measured 
The same limitations apply when tneasuring 
small shunt capacitors. 

koca"tirrg SmaEE Reactances 

The discussion of small reactances has thus 
far  assumed that the T D R  operator has ac- 
cess to all the cable between the T D R  unit 
and the reactance being measured. This is, 
of course, not always the case. When a long 
length of cable indicates a fault, the reflected 
signal has not only been reduced in amplitude, 
it has also been smeared in time. The discon- 
tinuity is then located in time, closely related 
to the approximate 1070 amplitude point or 
the beginning edge of the display rather than, 
as might be expected, at  the pealc of the re- 
flection. 

Two types of reflections occur from two 
types or resistive discontinuity. They are a 

Fig 19. Single resistor discontinuities. I 



s tep  reflection, or a continuously changing re- 
flection. A resistance in series with a trans- 
mission line causes a positive reflection. A 
resistance in parallel with a transmission line 
causes a negative reflection. Discrete single 
resistors cause a step reflection, while dis- 
tributed resistance causes a continuously 
-hanging reflection. The discrete resistor 
reflections are shown in ideal form in Fig 
19, and the distributed resistance reflections 
a r e  sho\vn in ideal form in Fig 20. 

F i g  20 has been exaggerated hy showing 
the  distributed resistance beginning at a parti- 
cular  point in the line. Normally, sucli series 
o r  shunt distributed resistance will be found 
in t he  total length of line tested by TDR.  

Al l  four forms of resistance are an indica- 
t ion of signal losses between the input and 
output ends of the transn~ission line. The sin- 
g le  resistor discontinuities can occur due to 
discrete components or may indicate a loose 
connector with added series resistance. Such 
discontinuities can be physically located by 
special use of the P O S I T I O N  RANGE con- 
trol  of the Type 1% Distributed losses are 
usually part o?-the particular line being tested 
and the T D R  display can be of value for 
quantitative analysis of resistance per unit of 
line length. 

N o  reflection should occur from a prop- 
e r ly  fabricated matched attenuator. Tliere- 
fore ,  a T D R  unit will not indicate losses when 
matched attenuators are used. 

Distributed Resistance Examples 

T h e  examples of distributed resistance re- 
flections that follow deal with the normal 
characteristics of transmission lines. Both 
small diameter lossy cables and moderate dia- 
meter quality cables are  discussed. 

A srnall diameter 5 0 0  transmission line 
(such as inch diameter cable) will have 
sufficient DC resistance to inaslc "sltin effect" 
losses. The D C  resistance in its center con- 
ductor will cause a nearly exponential chang- 
ing  reflection. See Fig  21A. As the incident 
signal propagates down the line away from the 
T D R  unit, the small series resistance causes 
small reflections to return to the T D R  unit. 
If  you mentally integrate the line into small 
sections of series resistance, you can then 
understand the continuous return of energy 
t o  the input end of the line. Each reflected 
energy "bit" is additionally attenuated on its 
way back to the T D R  unit. This return at- 
tenuation is the factor that prevents the dis- 
play from being a linear ramp, converting it 
into a nearly exponetial reflection. (Note the 
curve of the reflection between the incident 
signal plus step and the termination of Fig 
21A. 

Another way of expressing the effect of the 
nearly expoential reflection is to say that the 
transmission line input surge impedance 
changes with time. Fig. 21A shows the line 
surge impedance to be essentially 50 R at the 
beginning of the exponential reflection and to 
be approxin~ately 64 R after 130ns (-4-0.12 p 
= 6 4 0 ) .  

The long near.ly exponential decay after the 
termination of F ig  21A is related to high fre- 
quency losses and the previously described 
"dribble up". The negative reflection occurs 
at  the termination because the 5 0 0  termina- 

tion was driven by approximately 640 .  If 
thc long exponential decay after the termina- 
tion were expanded vertically, it would follow 
the rules lor distortion to pulses by coaxial 
ca1)les described xvith Fig 25, 

If the small diameter cable is shorted at its 
end instead of terminated, the T D R  display 
\vill appear similar to Fig 21B. A lossless line 
~vould have a full -1 p after the short, but 
the small lossy cable not only has attenuation 
of the signal to the short, but attenuation of 
the reflected signal back to the T D R  unit. 
Again, the long nearly exponential curve after 
the short is caused by the cable distorting the 
reflected step signal. 

Fig 21B also allows measuring the total 
cable DC resistance between the T D R  unit 
and the short circuit of Fig 21B. The vertical 

1 Fig 20. Distributed resistance reflections. I 

-- 

Fig 21. Waveforms of '/a inch diameter lossy 
50  R cable. 

distance between the incident pulse peak level 
and the right end flat portion of the reflected 
signal is due strictly to the cable DC resis- 
tance. I n  this case, -3.8 divisions r -0 .76~ 
which is equal to 6.5 D (from curve of Fig  
10). ( A  bench tnultimeter type ohn~meter 
indicated 6.8 ohms for the same cable.) 

Quality Cables 

A quality cable, such as RG8.4/U (52 0 ) ,  
RG213/U (50Q) or RG11/U (75 0 )  will 

> ,  

exhibit similar characteristi& to the small 
lossy cable just described, but the cable must 
be much longer to obtain a similar display of 
series resistance. Fig 22A and B show the 
same rising type of waveform caused by 
center conductor series resistance in RG213/ 
U. Fig 22C shows the residual DC resistance 
of the line when shorted. Fig 22D is a time 
and voltage expansion of the ( A )  and (B)  
waveforms to show a possible use for the 
Type 1S2 in troubleshooting cable fabricating 
equipment. 

Fig 22. Quality RG213/U cable resistance 
and AZ, characteristics. (Cable tested 260 
feet long). 



F i g  23 shows the same series resistance 
characteristics for RG11/U cable. However, 
instead of terminating the cable end, the series 
resistance was nleasured first with the end 
open, and then with the end shorted. Note the 
difference in slope of the waveform (apparent 
change in resistance) after the signal has 
traveled to the indicated line end. The change 
in slope is due to distortion of the originally 
flat  incident pulse by traveling through the 
cable once. As the non-flat signal reaches 
the cable end, its reflection back through the 
cable is altered a second time. The net result 
is a n  obvious distortion to the true resistive 
slope of the reflected "bits" of the distributed 
series resistance during the 2nd half of the 
reflection. This example is given to show 
the desirability of properly terminating any 
line section in which you ~vish to nleasure its 
total distributed series resistance. (Conditions 
leading to this changing slope phenomenon 
a re  described by H .  H .  Skilling on page 397 
of h is  text "Electronic Transmission Lines", 
McGraw-Hill, 1951.) Each of the three wave- 
f o r m  pictures of Fig 23 is a double expo- 
sure  with the lower waveform showing the 
normal Type 1S2 response to a termination 
resistance at  ( A )  and (B)  and a short cir- 
cuit a t  (C) .  

QNSE TO A STEP 
SIGNAL 

Coaxial cable have a step-function response 
tha t  distorts the original signal. The distor- 
tion is caused by cable losses of several types 
which are frequency dependent. The longer 
the  cable length, the greater the distortion. 
Response to a step signal can be evaluated by 
placing the cable in a T D R  system, or by plac- 
ing it between a fast rise pulser and a fast 
risetime sampler. (When a cable is tested by 
a T D R  device, the signal traverses the line 
twice;  when a cable is placed between a 
pulser and a sampler, the signal traverses the 
line once.) 

Studies in the past that considered skin 
effect  losses only1 have indicated that some 
types of coaxial cables have a step-function 
response with decibel attenuation that varies 
as  the square root of the frequency. Based 
upon this assumption (of skin effect losses 
only),  the step response time from 0% to 
5070 will increase by a factor of 4 through a 
cable whose length is twice that of a previous 
test. Such is not the case in practice as seen 
by use of the Type 1S2. Other forms of 
losses due to  the dielectric material between 
inner and outer conductors, radiation from 
lines whose outer conductor is braided, and 
reflection losses from surface variations of 
the conductors, a re  discussed in detail in an 
article by .N.  S. Nahmanz. Nahman considers 
several techniques which are useful in ana- 
lyzing the transient behavior of coaxial cables 
that have these forms of high frequency 
losses. 

Distortion to pulse signals in coaxial cables 
is most easily evaluated (visually displayed on 
a C R T )  when the cable is long. A long cable 
is here defined as one that exhibits signifi- 
cant losses in the system in which it is used. 
The  tests shown in Fig  24 were made on a 
100 foot section of RG11/U and a 260 foot 
section of RG213/U. In  each case the signal 
traversed the line twice in a normal T D R  
manner. The cable far  end was left an open 
circuit so that a return signal of +Ip  could 

be observed. This gives the same effect as 
having sent the Type 1S2 signal through a 
line twice as long. 

The term T,, shown in Fig 24, is the length 
of time between the 0% amplitude and 5070 
amplitude points along the step rise of the 
cable output signal. 070 to 50% is chosen 
because it contains the fastest part of the 
transition and because it is easy to read. The 
usual practice of measuring risetime from 
10% to 90% is perfectly valid if the display 
has an adequate rate of rise at  the 90% point. 
The cables tested for Fig 24 have a 10% 
to 90% risetime that lasts about 18 times 
longer than To. Fig 24 sl~ows plainly that 
the step response of a coaxial cable does not 
have the familiar Gaussian shape. For this 
reason the risetime of systems containing long 
coaxial cables cannot be calculated using the 
square root of the sum of the squares of the 
individual unit risetimes. 

The length of time required for the out- 
put signal to rise to 10070 of the input signal 
is many times longer than To. This distor- 
tion, is called "dribble up" as  first discussed 
earlier under Measuring Technique when 
measuring a small series inductor in a trans- 
mission line. Fig 25A is a double exposure 

Fig 23. Quality R G l l / U  cable resistance 
and AZ, characteristics. (Cable tested was 
100  feet long). 

using the 260 foot length of RG213/U con- 
nected between the Type 1S2 1-Volt pulser 
and the terminated Thru  Signal Sampler. 
Both traces \yere made at  100 ns/div. The 
upper trace at  0.2 p/DIV and the lower trace 
at 0.05 p/DIV. The lower trace leads us to 
believe that the output pulse reaches 100% 
amplitude sometime bet\veen 4000 and 5OOl 
ns after the initial step rise. More exact 
measurements can be made by comparing the 
cable output with the Type IS2 no-cable 
response as shown in Fig 25B. Here both 
traces \vere made at  1000ns/DIV and 0.02 
,JDII7 with an intentional small vertical re- 
positioning. \\.hen the two traces become a 
constant distance apart, you can be relatively 
certain the cable output signal has reacliecl 
100% amplitude. Fig 25E indicates a possl- 
bility that the output signal Ilad not completely 
reached 100% amplitude even after 800011s 
( 8  P ) .  

Short Cables 

Even though information just given on 
Long Cables is true for  any length cable, a 
physically short cable can be treated as if it 

'R. 1. Wigington and N. S. Nahman, "Transient 
analysis of coaxial cables considering skin effect," 
Proc. IRE, vol. 45, pp. 166-174; February 1957. 
Q. Kerns, F. Kirsten and C. Winningstad, "Pulse 
Response of Coaxial Cables," Counting Notes, 
File No. CC2-1, Rod. Lab., University of California, 
Berkely, Calif.; March, 1956. Revised by F. 
Kirsten; Jan. 15, 1959. 

'N. S. Nahman, "A Discussion on the Transient 
Analysis of Coaxial Cables Considering High. 
Frequency Losses," IRE Transactions On Circuit 
Theory, vol. CT-9, No. 2, pp. 144-152; June, 
1962. 

Fig 24. RG11/U and RG213/U distortion 
to a step signal. Waveforms are reflections 
from cable open end. 



w e r e  Gaussian. A short cable will have a To  
sufficiently faster than the Type IS2 fast 
pulser 10% to 9070 risetime, that the long 
slow rise ("dribble up") of Fig 25 will not 
be evident. Under these short cable condi- 
tions, it is reasonable to assume the baudpass 
upper limit of a cable and its system can be 
ipproximated from the 10% to 90% risetime 
display. A display of 10% to 90% risetime 
in 100 picoseconds then approximates a slne 
wave  upper frequency 70% amplitude o f :  
0.35/(1 X lo-'') = 3500 MHz. 

I Fig 25. "Dribble up" output signals from 
260 ft. RG213/U. 

Fig 26. Propagation mode change in large 
diameter transmission line when driven by 
the Type 152 fast pulser. 

iameter Transmission Lines 

Use of the Type 1S2 0.25-Volt fast-risetime 
pulser should be limited to use on lines whose 
outer conductor inner diameter is less than 
about one-quarter wavelength at  3500 MHz. 
Normal signal propagation mode in transmis- 
sion lines is TEM,  but will change to a wave- 
guide mode, TEII, if too high a frequency is 
used. F ig  26 shows both modes of propaga- 
tion in a transmission line 3% inch in diam- 
eter. Fig 26A picture was taken .ising the 
Type IS2 1-Volt pulser. Fig 26B picture was 
taken using the Type 1S2 0.25-Volt fast 
pulser. The line elements were the same in 
each case; 1)  a short section of RG213/U 
cable between the Type 1S2 and a tapered line 
section; 2)  the tapered line section; and 3) 
a section of 3% inch diameter rigid air line 
with a 90" elbow in the display time window. 
The numerous aberrations of Fig 26B are 
due to a change in propagation mode when 
the signal arrived a t  the 90" elbow. The 
resulting multiple reflections are of no value 
to the operator testing the line. 

General 

Much of the previous portion of this article 
deals with using the Type 1S2 as a Time 

Fig 2 7 .  TDR view of broadband amplifier 
input circuit. 

Domain Reflectometer. Many more uses can 
be made of the unit in a T D R  mode, limited 
only by the measurement needs of the user. 
Listed Pelow are suggestions of other T D R  
applications not yet described. 

Signal Generetor Orstput Impedance 

The Type 1S2 can be connected to the 
output ternunal of a signal generator to meas- 
ure its output impedance. If the generator 
output signal call be turned off while keeping 
the output circuit active, a clean T D R  can be 
obtained. 

roadband Ampli f ier Input impedance 

Fig 27 shows two pictures of a broadband 
amplifier input circuit. Fig 27A includes the 
active emitter circuit of the input common- 
base transistor amplifier. Fig 27B includes 
the parts between the input connector and the 
transistor emitter. The power was off when 
Fig 2713 photo was talcen to show the tran- 
sistor emitter spatial location accurately. 

Circuit Beard head impedance 

Fig 28A shows changes in surge impedance 
of leads along an etched circuit board. (The 
board reverse side was fully plated.) The 
major dip is due to a right angle corner while 
the minor dip is due to a rounded corner. 

Changes in surge impedance due to a change 
in lead width is also plainly seen by TDR.  
Fig. 2813 shows an inductive section of line 
when the physical width of the line was 
reduced one half for a length of about 1.25 
inches. 

J 

Fig 2 8 .  Etched circuit board Z, checked by 
TDR. 



Frequency Compensaliarr  of Lossy Cab le s  

A lossy coaxial cable connected between one 
of the  Type IS2 pulsers and the sampler 
(terminated) permits a view of the cable 
output signal. Fig 29 shows the same lossy 
cable described earlier with Fig 21. A double 
exposure shows at  the top how the cable 
distorts the 1-Volt pulser \vliile the lower 
waveform is flatter due to a simple R C  com- 
pensation network placed between the pulser 
and  the cable. The T D R  unit will permit 
test ing such compensation networlts. 

E a ~ a l u a t i o n  of Ferrite s and Cores  

Ferr i te  beads and cores can be evaluated 
using the Type 1S2. Simple inductors wound 
on toroid ferrite cores are represented by an 
equivalent, circuit which is essentially an in- 
ductance In parallel with a resistance. The 
resistance results from core losses atid may 
be typically as low as 10 to 30 ohtns/(turn)-. 
Both  the resistance and inductance charac- 
teristics of ferrites can be seen in a T D R  
display. 

F i g  30 shows two displays and the special 
adapter jig used to test a ferrite bead. The 
adapter jig is made £son? one half of a Tek- 
t r o n i s  Insertion Unit (Par t  No. 358-0175-00) 
T h e  end of the center piece was flattened and 
a formed piece of #10 copper wire soldered 
in place with a ferrite bead included. Thus, 
there  is only a small diameter change of the 
50 center conductor (pip in both displays) 
and  one turn through the ferrite center. (Use 
smaller wire for  smaller beads.) 

F ig .  30.4 sliows the basic display. L/R time- 
constant analysis is similar to that of Fig. 15 
and formula (8) of Table 5, except the core 
R is in parallel with the driving line Z,. 

F i g  30B shows the ferrite bend resistance as 
-0.16 p, or 36 R. (The 36 is read directly 
f r o m  the curve of Fig 10.) The resistance 
value of a core is read by finding the curve 
knee (as marked in Fig 308)  where the 
inductance affect becomes obvious. The posi- 
tive pip is ignored. 

I Fig 29.  Simple frequency compensation for lossy coaxial cable. I 

Fig 30. Evolution of a ferrite core. I 

Tektronix Type 547 Oscilloscope with a Type 152 Sampling Plug-In Unit. 

The measurements described in this article 
can be easily made with the Type 1S2 Plug-In 
U n ~ t .  

The Type IS2 Sampling Plug-In converts 
any Telttronis 530, 530, 550-series oscilloscope 
to a time-domain reflectometry measurement 
system. I t  also has the ability to make many 
general sampling measurements. 

As a TDR,  the Type 1S2 has a system 
risetime of 130 ps and is calibrated in p 
(rho) from 0.005 p/div to 0.5 p/div. The 
horizontal is calibrated from 1 cm/div to 100 
m/div for dielectrics of air, T F E  and poly- 
ethylene. A 10-turn dial reads directly the 
one-way distance to the test-line discontinuity. 
Two pulse outputs provide either 50ps T, 
at  250 mV into 50 R or 1 ns T, a t  1 V into 
50 R. 

The 90-ps risetime, 5 mV/div deflection 
factor, 100ps/div sweep and built-in trig- 
gering capability make the Type 1S2 useful 
in many other sampling measuren~ents. 



Tektronix 530, 540  and 550-series plug-in osciIIoscopes 
offer a wide range of performance, designed to meet your 
changing measurement needs. Select the performance and 
measurement functions you need from multi-trace, differen- 
tial, sampling and spectrum analyzer plug-ins. 

For multi-trace applications, the new Type 1A4  Four-Chan- 
nel amplifier offers constant DC-to-50 MHz bandwidth and 
7 4 s  risetime capabilities over its 10 mV/cm to 20 V lcm de- 
flection factor range. Operating modes include alternate or  
chopped four  channel, dual channel differential, and 2, 3, or 
4 channels added or subtracted. Two dual-trace plug-ins are 
also available, the Type 1 A l  with 28 MHz at 5 mVlcm (50 MHz 
at 50 mVlcm) and the Type 1A2 with 50 MHz at 50 mVlcm. 

For differential applications, the new Type 1A5 Differential 
amplifier features 1 mVIcm deflection factor, 1,000:l common- 
mode rejection ratio at 10 MHz, f 5 V comparison voltage 
and 50 MHz bandwidth with 7 4 s  risetime at 5 mVlcm. The 
low-cost Type 1A6 Differential plug-in with 1 mVIcm de- 
flection factor, 10,000:1 CMRR and 2-MHz bandwidth and the 
high-gain Type 1A7 Differential plug-in with 10 pV1cm de- 
flection factor, 50,000:l CMRR and 500 kHz bandwidth are also 
available. 

For sampling applications, choose from two high perform- 
ance plug-ins, the Type I S 1  general purpose sampling plug- 
in and the Type I S 2  TDR sampling plug-in. The Type I S 1  
features internal triggering, 0.35-ns risetime, DC-to-1 GHz 
bandwidth and calibrated sweep speeds from 100 pslcm to 
50 pslcm. The Type I S 2  is a time-domain reflectometer with 
a system risetime of 140 ps, 0.005 pldiv deflection factor and 
sweep rates from 100 psldiv t o  1 psldiv. Wi th its 90-ps rise- 
time, 5 mvld iv  deflection factor and built-in triggering, the 
Type I S 2  can be used in  many other sampling applications. 

Four spectrum analyzer plug-ins covering the spectrum 
from 50 Hz to 10.5 GHz convert your oscil loscope to a high- 
performance spectrum analyzer. The plug-ins cover the fol- 
lowing frequency bands: Type 1L5 from 50 Hz to 1 MHz with 
10 pV/cm deflection factor; Type 1L10 from 1 MHz t o  36 MHz 
with -110 dBm sensitivity; Type 1L20 f rom 10MHz to 4.2 GHz 
with-110 to-90 dBm sensitivity; and Type 1L30 from 925 
MHz t o  10.5 GHz with -105 t o  -75 dBm sensitivity. 

Multi-trace differential 

sampling spectrum analysis 

i n  all Tektronix 530-540-550-series plug-in oscilloscopes 

For complete information, contact your Field 

Engineer, Field Representative, or Distributor. 

Pr~nrcc l  i i i  U.S.A 
SKD 
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by Don I. Clark 

INTROBUCTIIBN 

Telctronix recently introduced the Type 
410 Physiological Monitor, a special purpose 
oscilloscope for use in clinical medicine. The 
instrument is small and powered by a re- 
chargeable battery pack. Despite its com- 
pactness, it features a large 8 x  10 centi- 
meter display a.rea made possible by a wide- 
angle, magnetically - deflected cathode - ray 
tube (CRT). More importantly, the monitor 
is tailored to the unique requirements of the 
medical clinician. 

For example, the controls are greatly 
simplified from those found on many oscillo- 
scopes and are labeled in terms meaningful 
to medical personnel (Fig  1 ) .  The size and 
optional mounting fixtures permit the instru- 
ment t o  be used in the crowded perimeter of 
the surgical operating table. 

You can monitor any of three important 
physiological signals with the Type 410: 

ECG-(or EKG, the Electrocardiogram) 
An electrical signal produced by the heart 
wliicli can be detected on the surface of the 
body. 

Pulse-Pulsations of blood sensed in the 
finger or elsewhere with the appropriate 
transducer. 

2 

I Fig 1. Type 410 Operating Controls I 

EEG-(Electroeiiceplialogrnm) .An ' elec- to :rnesthesin nnd surgic:il procctlures. I11 
trical signal produced 11y the lmiin. the reco\-cry room :uid the intensive care 

~h~ 410 was desiglletl to usctl wller- unit, ~vliicli 1jy their very esistcnce indicate 

ever surveillance of con(~itiol, is vital. the importance of const;int surveillance, the 

Ill the operating room, a physiological llloni- physiologic;d monitor provides a continuous 

tor provides information regarding reactions displ;iy of valuable dats. 

@ 1967, Tekti-onix, Inc. All Rights Reserved 



Tlie liuman body provides many indexes 
o f  relative well-being. Excessive botly teni- 
peratuse I n s  long been lmo~vn to accompany 
:iilments ranging from tlic minor to tlie 
serious. In  a similar sense, and with varying 
clegrees of reliability, eye dilation, pulse 
rate,  respiration rate and others provide 
wortli\vliile information reg;irding tlie vi- 
ability of tlie human I~otly. \\ ' l~cn consitlered 
in tlie time domain, certain of these pliysio- 
logical indicators become more criticall>, 
important and can yield substanti:illy more 
informntiori than otliers. 

F o r  example, one or  tivo degrees of exces- 
s ive hody tempernture pel-sisting for  sevcrnl 
d a y s  would be of co~iipa~xtively less causc 
f o r  alarm than a heart stoppage for tcn 
seconds. Moreover, the thertiial mass of tlie 
botly is sucli t1i:it hourly sampling might 
provide all the  information recluiretl. But 
t h e  nature of the heart is such that signifi- 
cant  information may he obser \a l  froni 
events lasting only a few hundredths of :L 

second. 
Thus,  tlie p1iysiologic:ll signals can be 

classified according to (1 )  tlie niagnitude 
of  deviation i r o m  tlie norni, (2)  tlie rel:i- 
t ive Importance to the liutiian I~ody, (3)  the 
rapidity \vitll which tlie change can occur, 
ant1 (4)  the time dur;~tion of the s h o ~  teit 
significant event within tlie data. Signals 
involving comparatively short duration cycli- 
cal events and potentially rapid change can 
yield considerable informition \vlien dis- 
pla)etl in graphical form on :i motiitor sucli 
a s  the Type 410. 

-4mo1ig the key plijsiological indicators i i  
the  E C G  ; a graphical ~ecortling of the lieart 
electrical activity. Tliis signal is associated 
with the muscular contraction which pro- 
duces the pumping action. Effective p u m p  
ing requires coordination of the intlivitlu:il 
lieart muscles, with related cyclical patterns 
in  the electrical signal. 

\\:liile tlie electrical signal occurs within 
tlie heart muscle tissue, it can Ix tietectetl 
on tlie surface of tlie body. T h e  sensing 
electrodes can be placed at  many different 
sites and each pair o r  conibination of clcc- 
trodes provides a different perspective of 
tlie co~iiplex three-dimensional sianal gen- 
erator, the heart. 

Figure 2 shows ;in idealized waveform 
represetiting tlie electrocardiogra~n from one 

Fig 2. ECG Waveform 

of the iiiore p o p u l ; ~  monitoring configura- 
tions \vliicli co~isist of ;i t1ifferenti:il meas- 
ure~iicnl lxt\veeii electsoties on the right arm 
antl left leg \vitli a tliirtl electrode on tlie 
right leg serving a s  a common-iiiotle refer- 
ence to the monitoring system. 

Tlie iiiforniation obtainal~le from the E C G  
is fnr too 1)road mt l  tcclitiicall~. coniplcx to 
detail here, but severnl general uses can be 
mentiotied: (1)  Heart  rate can readily be 
tleterminetl ;is can improper rhythm. (3)  
I4c;irt attacks may involve de;itl tissue :mtl 
congul:ltetl I)lood in portions of t l ~ e  lienrt 
whicli c;in produce an abnorm;il ECG. (3) 
During ccrt:iin stages of pregnancy, the fet;\l 
E C G  can be detected. Tlie presence of more 
than one fetus has sometimes lxcn dcter- 
mined by this metliod. Orientation of tile 
fetus in tlie ~ v o m b  may lx cleterminetl by 
noting tlie fet:il E C G  polarity. (3 )  Victims 
of electrical sliocli may die due to lieart 
fibrillation, :i condition in \vliicli little o r  
no blood is pumped by the heart. Fibrilla- 
tion is :L total loss of coordination bet\veen 
the v:irious Iieart muscles which causes the 
1ic;irt to quiver rapidly ratlier than rliytlim- 
ic;illy contracting and exp:uitling. Defi l~ri l-  
lation can often be xcom~)lislietl by applying 
:i po~vcrful  electrical shock (up  to 400 \vatt 
secontis in ten-tiiilliseco~ltl pulse) n l i i c l~  
temporarily locks the 1ie;irt muscles. \\'itliin 
a few seconds after  the intentional shock, 
tlie 1ic;irt will often restart ~vitli tlic proper 
coordinntion. Tlie electrical activity of the 
Iieart I~eforc  zuid after  defibrillation is re;itl- 
ily .monitored with tlie Typc 410. Input cir- 
cuitry of the instrutiient is protected agxinst 
tlestruction by the defibriilator pulse so that 
there is no  need to  disconnect the nionitor- 
ing electrotles during defibrillatioti. 

THE PULSE 
A normal E C G  is no proof that blood is 

properly circulating tlirouglioui the Imtly. 
Monitoriiig of tlie pulse by touch on the 
\vrist, neck o r  elsewliere can slio\v that blood 
is circul;iting, a t  least in tlmt portion of the 
I~ody and, in some cases, tlie judgemetit can 
Iw m;i& that tlie pulse is "\\eaIi1' o r  "stroiig" 

Tlie Pulse Sensor can more tliati renl:ice 
tlie conventional touch method. Tlie setisor 
is easily att:~clicd to  the patient antl \\.ill pro- 
vide continuous, hands-off monitoring. 

A s  tile blood messure rises and falls with 
each heart beat, the atiiount of bloocl present 
in any  particular portion of the flcsli varies 
slightly \villi the expansion and contraction 
of tlie blood vessels. This  slight cl~nnge crun 
be detected froni  the correspondingl) slight 
change in tlie translucency of tlie flesh. A 
small, low-power incandescent lamp directs 
light into tlie flesh and at1 adjacent photo- 
resistor senses tlie light variation 

T h e  finger tip, toe, and forehead a r c  
particularly good locations for  the sensor 
Contact prcssure beti\ecn the sensor and 
flesh is xi important factor;  excessive pres- 
sure n.ill b l ~ c l i  blood f l o ~ v  and too little 
pressure will result in an excessive sensi- 
tivity to movemetit, thereby ititroducitig 
interference. Tlie Pulse Sensor is sliown in 
Figure 3 ~vit l i  a removable finger adapter. 

Fig 3. Pulse Sensor I 
Th is  spring-loatlcd ;dnpter not only lioltls 
the sensor against tlie finger \vitli tlie proper 
pressure, but also exclutlcs potentially inter- 
fering motlulatetl light iro111 fluorescent 
l:uiips or  otlier sources. The  xlapter  can he 
quicl;ly attached antl is self-holding on tlie 
f ingcr. 

For  quick detcrminatioii of heart rate, :I 

dircct reading Heart  Rate Scale is provided 
;tcross the top of the Type 410 gmticule a s  
sIio\v~i in Figure 3. Tliis scale is possible 
tlirougli the use of :~utom;itically triggered 
sweeps for  both E C G  and pulse displays, 

Fig 4. Pulse Sensor Waveform 

and by the accurate s!veep speeds of tlie 
Typc 310. Three swcep spectls are provided: 
35, 50, and 100 millimeters per second. Tlie 
Hear t  R:rtc Scale is calibrated for  use with 
tlie -50 nuii/s spcctl. 

Tlie po1-tion of tlie signal \vliich lias tlie 
greatest an~plitutle triggers the swcep ant1 
therefore appears at  tlie leftliand edge o i  
tlie graticule ;is slio~vii in Figure 4. T h e  
coi-responding portion of tlie next cycle 
xppenrs to the riglit of the first a t  :i dis- 
tance dctcrminetl 1)y the tinie interv;il be- 
t ~ v e e ~ i  tlie events antl the horizontal sweep 
s~)eed of tlle Typc 410. From the I<no\\-n 
slveep speed and tlic tiie:lsured distance, a 
simple calculntion gives the pulse rate. Tlie 
Hear t  r h t e  Scale is tlcrivctl from this cal- 
culation and can be used \vitli either a pulse 
or  E C G  display. (Llisplay shows 75 l~eats/  
miti.) 

\\JIiile the event \vliich produces sweep 
triggering rem:lins st;ition:lry at  the left- 
hand edge of tlic gr:iticule \vitli successive 
slveeps, tlie scco~id event changes position 
ivitll :my vnriatioii in hc:irt rate. If the 1ie:~rt 
rate is uniform, the display need be watclictl 
for  only t\vo or  tlirce seconds to obtain an 
:iccrirnte rate intlic;ltion. The  sc:lle c;un also 
be used with slightly less accuracy with the 
other t\vo s\veep speeds ; dividing by t\vo on 
25 ~ i i ~ i i / s  ;ind multiplying by two on 100 



In some surgical procedures, the heart is 
intentionally stopped and blood circulation is 
maintained by an external meclianical pump 
m a k i n g  it more difficult to determine tlie 
re la t ive  \veil being of tlic patient. I n  sucli 
cases the Type 410 can be used to monitor 
tlie E E G ,  the electrical activity of tlie 11r:tin. 
T h i s  coniplex signal, seemingly ratitlotn to 
the layman (Figure 5 ) )  c;ui yield vnluablc 
in format ion  tlirougli analysis of amplitude 
and  frequency content. 

T h e  E E G  is tlctected upon the surface o i  
tile head  \vitli electrodes similar to those 
used f o r  ECG. 

Fig 5. EEG Waveform 

N o t e  that all three types of signals pre- 
viously discuisetl as  applicable to tlie Type 
410 a r e  not only amonq tlie  losf sf important 
indicators of patient well being, hut that all 
a r e  available at  tlie surface of the body 

F o r  maximum rno11ito1-ing capability and 
cross correlation betnwm signals, seven elec- 
t rodes antl the pulse sensor may be connected 
to t h e  patient as  sliown in Figure 6. Using 
only t h e  I X P U T  S E L E C T O R  s\vitcli, the 
user  can  select the E E G ,  ECG,  or  pulse 
waveform. \VitIi a second switch, tlie E C G  
L E A D  S E L E C T O R ,  m y  of seven standard 
combinations of E C G  electrodes may be 
chosen. 

T h e  Type 410 is of particular value to 
the anestliesiologist, a met1ic:il doctor speci;il- 
izing in anestl~esiology. His  activities in tlic 
operating room go fa r  heyo~itl tile adininis- 
tration of anesthetics; 11e is respoiisible for  
monitoring patient \veil-being, assists the 
patient's hrentliing, monitors l~lood loss ; ~ n d  
replacement, monitors blood pressure, x t l ~ i ~ i ~ i -  
isters drugs, and in general \v;itclics io r  any 
unfavorable reaction due to tlie :mestlietic 
o r  the surgical procedure. 

Insti-urnentation which can provide some 
of the needed data can be of consitlcr;il~le 
\-slue. T o  provide the aiiestliesiologist \\.it11 
continuous informntioti, tlie Typc 410 pro- 
duces an audible "beep" coincitlent with tlie 
most significant event in encli cycle of tlie 
E C G  o r  pulse ~vavciorm. Most doctors and 
nurses, through experience, \\.ill Ix able to 
estimate lieart rzite quite accurately 11y listen- 
ing to tlie "beep" and will most cert:~inly be 
:hie to detect poor rliytlim. Sliould :i 1no1-e 
qualitative determination of heart rate 11c 
desired, a quick look a t  tlie 1-1e:irt Rate Scale 
will suffice. \\.it11 the L O U D S E S S  control, 
the sound c;m l ~ c  lnade audi1,le to ,the entire 
surgical tea111 or  only to the aiiestliesiologist. 

Several features of thc Type 410 conibiiie 
to insure that a display is available under 
nearly all circumstances. These fc:ltures in- 
clude tlie elimination o i  input couplii~g c:i- 
pacitors so ;IS not to retard recovery from 
overdrive 1)y high amplitude defil~rillxtor 
pulses or  electrocautery arcs. AC coupling 
Tor drif t  elimination is provided l)et\veen 
;uiiplifier stages nnd includes ;in overdrive 
scan limiter for  quick recovery. 

Automatic s\vecp triggering circuits, \vhicli 
require no operator controls, seek out the 
event of dominant :umplitude in the E C G  01- 

pulse signal, regardless of polarity. If the 
;implitutlc of tlie dominant event sl~oultl sutl- 
denly decrease, the sweep antl audio "lwq~" 
temporarily stop n.liile the trigger circuits 
search i o r  lo~ver  amplitudes. I-Io\vevcr use- 
ful infortnation continues to he available. 
T h e  C R T  spot will appear at  the lefthatid 

Fig 6. Electrode and Sensor Connections for Cross Correlation of Signals 

etlgc of the graticule and any availnblc 
lieart signal will cause tlie spot to bounce 
\wticnlly. I i ,  within tn.o to i o a r  seconds, 
the triggering circuits linve not found ;i 

lolver ;cmplitutle s igml,  the audio "beep" 
rcstnrts, sountliiig at ;I rapid sate to serve 
;is 311 :11:11~111. 

T h e  operating room presents several 
unique rcstrictioiis to the use of instrumen- 
tation. Tlic area i m ~ i ~ c t l i a t c l ~ ~  surrounding 
tlic operating tnl~le is oite11 cro\vtletl \vitli 
11eople xntl equipnw~t .  Certain of these 
peoplc ~iiust  move around during tlie opei-a- 
tion ant1 their p a t l i ~ a y  must not I)e olxtruct- 
ctl 11y ecjuipmeiit, patient monitoring cables 
o r  po\vcr cortls. B u t t r ~ g  oprivt iot~ of tlie 
Type  410 avoids poiver cortls across the 
floor. 

-4 suit:il~le Iocatioii for  the Typc 410 is 
:cvailnl)le on the :inestlicsiologist's gas ma- 
chine. This  macliiiie is usu;illy locntetl near 
the pntieiit's 1ic:~l :inti is :i \vIiceled cart  con- 
taining g;is cyli~itlers, distribution m:iniiolds. 
valves, flo\v gauges, etc. Tliere is oi ten a 
set o i  tira\vers in a cabinet \rIiic11 provides a 
sm:~ll tnble top. Hoses f rom tlic gas machine 
connect to the face m;isli 11iro11gh ~.I i icI i  the 
patient l~reatlies. Iiy mounting the Type 410 
on this m:icliine, tlic patient cal~lc parallels 
tlie lioscs to the patient antl therefore is not 
:ui :itldetl obstruction to ~ r a f i i c .  T h e  instru- 
ment is then at ;I convenient viewing distance 
Tor tlie anesthesiologist and tlie controls a r e  
\vithin ex!, re:ich. 

.4n optional mounting f ixture is availahlc 
for  mounting tlic Type 410 to the side of 
the gas mxl i ine  so that tlic mucli-iieedetl 
ta1)lc space is not occupied. T h e  mount c:ui 
he att:iclietl to n flat surface on  the side of 
the tlra\vcr c:ibinet o r  to one o i  thc verticnl 
pipes used as structural support in some 
machines. T h e  Type 410 is suppol-let1 five 
feet a l~ove  the iloor 11y the ~ n o u n t i ~ i g  f ixture 
in order to comply \vitli safety regulations, 
:mtl is ;1 coiivcnient level ~vhich permits niost 
members o i  tlie surgical tc:um to see thc 
tlisplay \\-lien desired. 

\\'lien a surgical operation is completed, 
tlie patient must often re11i;iin under close 
ol~scrvntion i o r  several hours. Tlie first 
stage of observation usually takes place in 
tlic recovery room adjacent to tlie operating 
room. I t  is sometimes untlesirable to inter- 
rupt the electronic monitoring of the patient 
\\;liile moving from surgery to  recovery 
room. Tlie battery-operated Type  410 simply 
l i i ts  off the mounting f ixture antl is easily 
carried along \\.it11 tlie patieni f o r  continuous 
nionitoring. 

T h e  real test of any physiological monitor 
is the fidelity xvitli which it displays tlie bio- 
electric signal. Tlic human body is consid- 
erably less than an ideal signal .source. T h e  
signals of interest a r c  small, about one milli- 
volt. Unlcss tlie body is grounded, it usually 
bears a11 interfering 60-Hertz signal of sev- 
eral volts n.1iicIi is electrostatically induced 
by power line sources sucli a s  nenr l~y  light- 
ing f ixtures and appliances. This  signal will 



I,e cotmuon to  all active signal leads to tlie 
monitoring device :1nd is termed co~iimon- 
nmde signal. 

r .  l l ~ e  outer Inycr of skin is of comp:irn- 
tively lligli resistmce anti is therefore :In 
untlesirahle element in the signal path. blore- 
over ,  ~ v h e n  a nietallic electrode is placed 
upon the body, the body fluids constitute an 
electrolyte and one-1i:~li of a I2atiery is 
formed. Dissimilarities :imong the scver;rl 
electrodes on the body can cause ;I I I C  ~ o l t -  
a g e  to exist between t h e m  But since they 
f o r m  :L poor I~attery,  tlie terminal voltage 
can \.ary \vith patient rno~enient ,  ~ c r s p i r n -  
t ion,  etc. Tliis voltage varintion cannot be 
separated is0111 the tiesired bio-electric sig- 
nn l  :iid therciore must be elimin;itetl ;ct its 
so11rce. 

Cert-nin desirable charncteristics of :I 

~)hysiologic;\l monitor can iio\v 11e described. 
H i g h  skin resistnnce tilust I x  reduced :in(\ 
a n y  vo1t;ige difference l)et~veen electrodes 
mus t  be small :uid stal~le. T h e  monitor 
should 11e unaiiected by the cornmoi~-mode 
intcrf erence signal. 

r .  l l ie  nhilitj. of a inonitoring s>.stetm to re- 
ject :L coiimon-mode signal is often limited 
by :LII i~iahility to transport the coiiiiilon- 
motle signal to the nioiiitor I>>. the i\vo di i-  
fcrent paths \vitliout 1i:iving the sign:il nr- 
rive at tile ~imi]itor in tlissin~il:u- forms. If 
this happens, 211 least part of the s ignd  is 
no longer in common motle, but Iias 1)ecome 
:L diifere~iti:il sigiial ~vliicli cannot I)e rejected 
by the monitor. This problem c:un occur thie 
to the skin resistance at  ex11 electrode form- 
ing ail :ittenuntor \vith the sli~int iiip\it im- 
petl:lnce to circuit grouritl \vithiii the tiioiii- 
tor. 

It is comlno:i p r : d c e  to use a saline paste 
under each electrotle to i11ipregn:ltc the skin, 
thus retliicing tlie resist:mce Ixtn-een tlle 
lliglily conductive body fluids :uid the elec- 
trode. This  can reduce skin resistance from 
;I liigli of perhaps one mcgohm to :is little 
;is ;I few Iiuntlred ohms \vitli c;~rcful prc1):1- 
ration. I-Io\ve\w, :r more prac~ic :~ l  degree of 
skin prel~aration will result in resist:unces 
ranging froin one to five I<iloliiiis. Since it 
is higlily unlikely that the rcsist:mccs : ~ t  the 

various electrotle sites \vill match, it is prob- 
xble tllat dissimilar attenuators will be 
fornicd \\.it11 the monitor input circuitry. -4 
iew siniplc calcu1:itions will siion. that shunt 
irnpet1:Liiccs to circuit ground n-ithin the 
monitor of several hundred megol~ms a r e  
reqiiiretl to reduce this effect to nil ;iccept- 
:~ble level. 

7 .  

I l ic  Type 110 provides excellent common- 
niotic in tc r ie i -c i~e  rejection capabilities by 
:~ctively driving the shunt i1npet1:inces ill the 
input circuitl-y. Tliis technique is c;Llletl 
"gunrt l i~~g" :uid e i fcc t i \dy  multiplies tlie in- 
put imped;mces to several thousand times 
their nctu:Ll v:ilues. The  common-mode sig- 
n:~] t l~ercfore :~rri\-es :it tlie monitor in a 
form \vliicli pertnits virtually complete re- 
jection. 

The  sil\fer/sil\;er-chloricle clcctrotles sup- 
plied n.ith the Type 410 eliminate virtually 
d l  o i  tlie electrocheniical prol~lems associ- 
ated \vitli ortlin:\ry electrotles. These small 
electrodes can Ile comfort:ihly Tvorn by the 
patient for  Inany liours a t  ;I time. Electrotle 
ntlapter c:ibles a re  also provided with the 



Type 410 which permit the use of many 
other standard electrode types. 

T h e  Type 410 obtains poxer from a re- 
niovable battery pack in the rear of the in- 
strument. The pack contains ten recharge- 
able size "C" Nickel-Cadmium cells and a 
complete line-operated charger. Reclinrging 
is started by s~mply inserting the poner cord 
into t he  rear of the battery pack. The bat- 
tery provides eight to t n e l ~ c  hours of instru- 
ment operation for each recharge. 

\Vhen the Type 410 is used in an Inten- 
sive Care Unit, continuous operation for 
days o r  weeks may be required This pre- 
sents no  problem. IVith the polver cord 
attached, the instrument can opcrate ~ndefi-  
nitely because the charging current sliglitl~ 
exceeds the current rcquircd by the nionitor 

T h e  top, bottom, and sides of the Type 
410 a r e  rugged aluminum - :dloy castings 
which provide an easily cle:unetl, dust-tight 
cabinet. The monitor weight is only 12% 
pounds including the bnttcry pack. Eighteen 
handle positions are provitled for carrying or 
fo r  tilting the instrument to the best vie\\- 
ing angle. The handle In111 is specially 
shaped to fit into a cup-sliapetl bracket on 
the mounting fixture (Fig. 7) .  

Fig 7. Attaching the Type 410 to the Mour 

the monitor c:ui t1rit.e a recortlcr to provide 
Thc Type 110 Physio1ogic;d hfonitor \\as 

tlesigned lor survcill~lnce, O1lly ;, ;L ~~erni;mcnt rccortl :IS is ~ i s ~ ~ n l l y  requirctl in 
few of tile In;lny necess:lry consitlcrnticin.; (liagnostic applic:itions. This portable, s in-  

l,eeIl <liscussed liere; tllc I)l,ysiological 1llc-to-o~~cr;ilc instrunlent \\.ill also h t l  :ill- 

sialals, tile intcntlcd user, ellvironnlcll~, plimtion in medical rcsearcli wit11 both - .  
the fitlelity o f  sigiial display, ctc. The :lre;i ~ c o p l e  runt1 nnimals, ns \yell ns in Veterinary 

of possible :ipplication is broatl. Medicine. 

VERTICAL 

Bandwidth 

E C G  and 
AUX 5 0 . 1  H z  to 250Hz *l5% 
E E G  1 0 . 1  H z  to 100 H z  * 15% 

Calibrated Deflection Sensitivity 

Accuracy 
Display Defle~tion 1 2 0  mV .4t 100 n1V 

mode Sensitivity DC offset DC offset 

E E G  10 mm/jO pV *5% 0 to -10% 
E C G  20 mm/mV +5% 0 to -10% 
AUlY 2 mni/niV * 570 0 to -1070 

Vertical Size Range _< X1/3 to 2 S 3  

Differential Input Resistance 

EEG and ECG 2 M a  * 15% 
A U X  20 h49 * 15% 

Differential Dynamic Range 

A t  least 100 m V  of either polarity 

Common Mode Rejection Ratio 

With 55-ka Source Impedance unbal- 
ance (a t  60 H z )  and using properl!. 
applied electrodes. 
E E G  2 150,000 :1 
ECG 2 150,000 : 1 
A U X  2 150,000 :1 

Common-Mode Dynamic Range 

$3V to -3V 

d 

Drift 

(0.5 cni/li (after 10 s warm-up) 

Nondestructive lnput Voltage Limits 

Instrument need not be disconnected 
from patient during D C  defibrillation 
or cautery 

Differential Overload Recovery Time 

< 4  seconds (all cases) - 

TRIGGER 

Trigger Requirements 

0.5 cm ECG display (2 10 bents/min) 
0.5 cm blood pulse display ( 2 4 0  pul- 
sations/minute) 

Delay Before Sweep Free-runs 

2 to 4 s after last trigger 

HORIZONTAL & AUDIO 

Sweep Speed 
25, 50, 100 nm/s  * 5% 

Batfery Check Scale 

Green-Normal Operation 
Yellow-Recharge needed 

Operation not harmful to 
instrunmlt 

Retl-Do not operate 

Heart Rate Scale Accuracy 

*5% of reading (50 mm/s range, 35 
to 110 beats/min) 

Audio 
Audio "l3eep" a t  heart rate xvith alarni 
activated upon loss of signal 

POWER SOURCE 

Line Voltage 

90 V to 136 V.4C 
180 1' to 272 VAC 

Line Frequency 

1 8  H z  to 140 H z  

Battery Operating Range 

11.9V to 15.OV 

AC lnput Power 
(7  \V a t  115 V, 60 H z  

Battery Pack 

Ten Size "C" NiCd . cells; 1.8 Ah 

Charging Time 

1 1  to 16 hours 

Discharge Time 

8 to 12 hours operation with maximum' 
accessory load a t  +20° lo +2j0 C 

OTHER 

Turn-on time 

2 4  sec 

Warm-up time 

<10 sec - 

CRT 

5" with P-7 phosphor 



Lnit  pro\iitlcs a unique state of the a r t  ad- 
vancement in measure~nent capabilily. I t  
permits o b s e r ~ l t i o n  of tlie leading edge o r  
other portions of ihe signal even when used 
with vertical units that h;lve no delng li?zc,s 
n n d  1r~it11011t 11 prefrigger. 

T h e  adv:mtages of eliminating delay line 
o r  pretrigger application a re  evident : 

1. T h e  inherent distortions and risetime 
limitations of s igml dcla); lines a re  elimi- 
nated. 

2. I t  is 110 longer necessary to work into 
the  5042 cl1nr;icteristic impedance of n delay 
line, so that direct sampling prolxs may be 
used foi- convenient high-impedance in- 
circuit signal piclwp. 

3. Trigger may occur prior to, coincident 
with, o r  a f te r  the disp1:iyetl signal \vitliout 
sacrificing lead time in tlie display. 

I .  Signals ~ v i t h  no  convenient source of 
a stable pretrigger can be observed without 
display jitter. 

Plug-in Uni t )  an understanding of convcti- 2. Constructirlg ;i ~ x ~ l s e  tlis~)I:iy 1,). tlcrivi~ig 
tional s;~nipling is advantageous. t\vo :in;ilog siyi:ils, represe~lting S :mtl Y 

T h e  Random S:implinS process is corn- coortlin:ltes, from a series of tllosc samples. 

7 

Fig 1A. 3T2 Unit in "BEFORE TRIGGER" 

mode: the leading edge can be 
observed. 

Fig 18. 3T2 Unit in "WITH TRIGGER mode 

lconventional sampling) : the leading edge cannc 

be observed without a delay line or pretrigger 





I Fig 4. Derivation o f  "x" and "y" deflection signals. I 

As sliown, five randomly plncetl s:mples 
a r e  taken of tlie signal. I t  must be kept 
iLi mind that these five s;imples a r c  taken 
on  S U C C E S S I V E  repetitions of the signal. 
They  a re  r:uidom samples in the "best 
guess" time \vindow. 

T h e  y-component, ey, of the first sample 
is  lield antl subsequently used to position 
tlie C R T  spot vertically. The  sampling 
command which took the first sample is then 
delayed by a f ixed i j ~ f e r v a l  7 ,  as indicated 
in  Figure 3c. This  tlelayed sampling com- 

mand 1' is used to sample a timing ramp 
which \\.as started 1)y trigger recognition 
along the input signal at  1,). T h e  resulting 
saniple ex is held and su1)sequently used to 
position the C R T  spot horizontally. 

Ry  this snmc process sulwqucnt  samples 
supply botli vertical antl horizontal infor- 
mation to deflect tlie C R T  bc:m from dot 
to  dot thus constructing :I display of tlie 
sigiid from tliose samples wliicli fall within 
the time window. 

Some reflection \\ill show that as the 
fixed interval 7 is increnscd, more lead tiiiie 

SWEEP TIMEIDIV 

1 0 0  ps /d i v  to 200 psldiv,  1 -2-5  se- 

quence, extending to 20 ps /d iv  with X I 0  

DISPLAY MAGNIFIER. Basic accurocy 

without X I 0  magnifier, 23%; with mag- 

nifier, f 5 % .  TIMEIDIV is o resultont of 

the combined settings of TlME POSITION 

RANGE, TlME MAGNIFIER, and DISPLAY 

MAG. The sweep rate is displayed (d ig i -  

ta l ly )  i n  the TIMEIDIV "window" for al l  

combinations o f  these controls. 

TlME POSITION RANGE 

1 0 0  ns, I ps, 1 0  p, 1 0 0  ps, and 1 ms. 

TlME POSITION and FINE variable con- 

trols position start of the display through 

a time scale equal to TlME POSITION 

RANGE setting. 

Continuously var iable adjustment of sam- 

ples displayed per horizontal division from 

approx 5 somples/div to an immeasurable 

number of somples/div. 

An internal switch, CALIBRATED SAM- 

PLESIDIV, disables the front-panel SAM- 

PLES/DIV control ond converts to 1 0 0  

somples/div, calibrated, for use i n  Digi tal  

Oscilloscopes. 

START POINT 

Two-position switch (concentric with TlME 

POSITION RANGE switch) selects either 

random sompling (BEFORE TRIGGER) or 

will :Ippe:u in the display. I t  sl~oultl be 
clear that such an increase in 7 for  more 
1e;d time \\.ill also require a time shift of tlie 
s ;mpling distribution to the left in Figure 
3b (i.c. earlier in time) in order that the 
requirctl infor~nation be collected for  the 
display. 

Figure 3 slio\\.s :I complete operational 
1)loclc tli:qyxm of the ~ l n d o r n  s:uiipling os- 
cilloscope including those portions \\.liicl~ 
control the tlistribuiion of samples across 
the time witidow. 

conventional, sequentially-stepped sam- 

p l ing  (WITH TRIGGER). 

In BEFORE TRIGGER mode, the displayed 

"time window" may be  positioned i n  

time up to one-half  times the TlME POSI- 

T ION RANGE setting ahead of the trigger. 

This provides a base line up to 5 divisions 

long before the leoding edge of the pulse 

to be viewed. 

TRIGGER JITTER 

Depends on signol shope, repetition rote, 

t r iggering mode. M a y  be os low as 3 0  ps 

under optimum conditions. 



LFJ"If<ODU,CT[ON 

Curren t  probes have become increasingly 
useful and popular witli tlie esp:tntling use 
of semiconductor devices which a r e  current 
sensing devices (current amplif icrs). A 
new current  probe has just been developed 
a t  Tekt ronix  tint provides unique measure- 
ment capabilities. 

Utilizing the Hall-effect plus r\C current 
probe technologj- (P6019/P6020), tlic P6012 
DC-to-50 M H z  current probe can be used 
simu1t:tneously for  both high-ircquency and 
direct-current measurements. -4C signals 
with DC components can be displayed on 
a n  oscilloscope witli t rue nxvc iorm prescn- 
tation. Tlie probe is particularly useful for  
evaluating tlie pcrior~nance of semi-con- 
ductor  circuits where a \\.ide range of param- 
eters exist. Fast  sviitching ~ransients ,  l o n -  
frequency response, and D C  level can all 
be displayed simultaneously (Figure 1) .  Tlie 
P6012 can also be used to measure the 
sums o r  differences of currents in separate 
wires. \\:l~en the probe is clipped around 
two wires carrying current in the same di- 
rection, tlic sum is displayed; around two 
wires carrying currcnt in the opposite di- 
rection, the diiierence is displayed. F o r  
increased sensitivity the wire c:m l,c looped 
through the probe several times increasing 
the sensitivity by tlie number of loops. 

The  probe is easy to use. Tlie contluctor 
is si~ilply placed into the slot of the probe 
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m d  tlie spring loatled slitlc closed . . . no 
need to break the circuit under test. Meas- 
urements can be ~iiatle only wlien tlie prolx 
is in the locl<etl position (push slide lorw:trtl 
to lock). X warning light on tlie i ront  
panel indicates \vlicn tlie slitlc is in tlie un-  
locked posilion. 11 coii~pnrtment is pro- 
vided in the iront  panel for  con\rcnietit stor- 
age of tlie prohe wlien the system is not in 
use antl an inter-lock is provided in this 
compartment for  degaussing the probe. Tlic 
probe can be degaussed only when in the 
compartment to prevent gossible damage to 
tlie circuit utider test. 

Fig 1. Double exposure photograph using 
the P6042 and a Type 5 4 7 / 1 A 5  Oscillo- 
scope to display the current characteristics 
of a small DC motor. Lower display shows 
the zero current level, starting current, and 
running current. Currentfdiv setting is 0.2 
Afdiv with a sweep rate of 5 0  msfcm. In  
the upper display, the sweep rate is in- 
creased to 5 ms/cm to show the current 
change as the commutator bars pass the 
brushes. 

High Frequency 

I-Iigli-frequency measurements a r e  made 
in the same ninnner as in an AC current 
prolx. Tlie A C  current probe is l::isic:tlly 
:t transformer. Tlie current-carrying con- 
ductor forms a one-turn primary winditig 
for  tlie t ransformer;  the windings in the 
probe around tlie core form the 50-turn 
secoridary \\inding. The  relationship be- 
tween the current, voltage and turns is 
slio\vn I~clow : 

F o r  a one-turn primary, 

I,, = Ns I s  

Tlien f o r  n 50-turn secondary, 

Tlie P6012 Current I'robc iticlutlcs n 
s1itlin~-core t).pc prol)e nnd associntetl am- 
~) l i f ic r  :IS sho\vn in Figure 2. T h e  pro l~e  
contains a statioiiary core around ~vliich 
is wou~lt l  ;I 50-turn sccond;tl-y, a moveable 
corc ~vliicli slides over the end o i  the sta- 
tionary corc :inti the current-carrying con- 
ductor, antl :t I-Iall vo1t:~ge tlevice. Tlic 
amplifier liouses the po\vcr supplies, lo\\- 
frequeticy nnipliiicrs, at te~iu:~tors ant1 the 
output amplifier. 



The secondary voltage is 

Es = Is Rs 

or  Es = Ill (R) 

For AC signals tlie voltage output of the 
current probe into the secondary load (R,)  
is 1 mV per niA of input current. 

DC and Low Frequency 

The heart of the DC measurement capa- 
bility is a highly-sensitive Hall device de- 
veloped by the Tektronis Intcgr:~ted Cir- 
cuit Department. The Hall device is located 
in a cross section of tlie ferrite core con- 
tained in the probe head. At the point 
wliere the A C  response of the core becomes 
ineffective due to  the low-frequency L/R 
time constant of the core, tlie I~nck EhlF of 
the secondary no longer c:lncels the f lus  
generated in the core by the primary cur- 
rent. The flux remaining in the core (pri- 
marily f lus  due to DC and low-frequency 
current) passes through the Hall device 
generating a sinall volt:lgc directly related 
to  tlie applied field. Figure 3 shows the 
current, voltage, antl flux relationship of 
a Hall device. 

The Hall device voltage (about 50 p V  
per 117.4 of applied current) is amplified by 
the operational amplifier (.%-I) antl applied 
to  the 50-turn secondary, to cancel the re- 
maining f lu s  in the core. Most of the f lus  
in the core is cancelled either by the back 
EMF of tlie secontlary or by feedback from 
the operational amplifier. As :i result, the 
non-linearity of the core tloes not xffecl 
accuracy, nor does it directly limit masimuni 
current handling ability. At DC and low 
frequencies, the operational amplifier sup- 
plies an output across the secondary loatl 
(R, )  of 1 mV per mA of primary c u r r e ~ ~ t .  

The masitnum input current is related to 
the current handling ability of the opera- 
tional amplifier. T o  handle * 10 A in the 
primary, the amplifier (A-1) must supply 

1 lOA X , to the 50-turn secondary to 
30 

cancel the f l u s  at DC and to supply f 
200 niA across R,. 

Attenuator and Output Amplifier 

The current induced in tlie secondary 11y 
the primary (at  high Frequency) and the 
current applied to the secontlary at  lo\\. Ire- 
quency by amplifier (A-1),  produces :i 

voltage across the secondary load that is 
directly related to the input current. The 
adding of the low-frequency signal to the 
high-frequency signal is done in sucl~ n \\ray 
as to force one to take over where the 
other leaves off (see Figure 4 ) .  This is 
com~nonly known as ;L forced complement 
system. 

The sensitivity at  this point is 1 niV out- 
put for a 1 mA of primary current (input 
current). The 50-11 secontlary load is in 
the form of a 50-R attenuator that provides 
attenuation of up to lOOOS (1 A/tliv) in 
10 steps with a 1-2-5 sequence. The signal 

I Fig 2. Block Diagram of P6042 Probe. 1 

Fig 3. Hal l  device. 

The Hal l  device is a thin rectangular sheet 
of semiconductor material sandwiched in the 
stationary port ion of the transformer core. 
The Hal l  effect is a voltage generated across 
opposite edges o f  a current carrying conduc- 
tor placed in the magnetic field. 

The basis for the effect is the Lorentz 
force which is the deflection of charged 
particles moving in a magnetic field. The 
force is both  perpendicular to the direction 
of the particle (current) flow and the direc- 
tion o f  the magnetic field. 
Equation follows: 

EII.,II = wRn J /3 sin 4 
EII .~II  = voltage from Hal l  device 
w = width of Hal l  element 
Rlr = Hall  coefficient 
J = current density 
f i  = field strength 

Fig 4. Forced crossover. J 
from the 50-Q attenuator is applied to n 
50S DC-to-50 MHz output amplifier. The 
output ampl~fier supplies an output of 50 
mV per 111.4 of priniary current or 1 mA/ 
div with the oscilloscope deflection set at 
50 mV/div. 

The P6042 output amplifier has an out- 
put impedance of 50 Q. A 50-12 termination 
is supplied \vith the 1'6012 probe for use 
with oscilloscopes having 1-MR inputs. 

All probes load the circuit under test in 
one form or another. Voltage probes have 
input capacitance and DC resistance. Cur- 

rent prol~es loatl 111 a d~fferent  manner. They 
have an insertion irnpetlance due to the sec- 
ont1;iry load being reflected into the primary 
; u d  \cry Ion -cap:xitive loading. 

Reflected Load 

The secontlary inductance and load re- 
sist;uice is reflected through the turns ratio 
squared ; i d  appears as a series load in the 
primary (current-carrying conductor). Cal- 
culations of tlie typical reflected loading of 
P6012 current probe is shown below: 



Shield Inductance 

A n o t h e r  factor affecting circuit loading 
is t h e  reflection of the cui-relit probe shield 
into t h e  current carrying conductor. T h e  
shield appears :is a sliortetl turn around the 
conductor.  Leakage iiiductancc also appears 
in s e r i e s  with the primary. 

Stray Capacitance 

T h e  only other factor involved with cir- 
cuit loading is the stray capacitance be- 
tween t h e  probe and tlie conductor. This  
capacitance depends on the size of the cur- 
rent car ry ing  contluctor and its position in 
the hole.  I t  is typically 1 pl; nnd can be 
measured using a Type 130 LC Meter. A s  
\\-it11 voltage proljes, stray capacitance can 
limit t h e  risetiine of the measurement (Tri,,. 
=: 2.2 Rs0,,,,,. C,,,.:,,,). By inserting the 
cur ren t  probe on tlie ground o r  B+ side 
of t h e  load resistor tlie stray capacitance 
loading can be reduced. 

T h e  total insertion impedai~ce can best be 
represented by tile graph in figure 5. 

F3 Ls,r , . i , . .  v-. ,% !,- w ~ ~ ~ t t ; c c # + '  : asu,L.- .bd.xsAG 

\ \ ihene \w a magnetic iield is applied to 
the t ra i~sfor iner  core in the probe wit11 the 
system turned of f ,  o r  if a c1irrcnt I)eyontl 
the m n x i n ~ u ~ n  specified level is applietl, the 
core may I~ccome magnetized. A portion 
of this  magnetic f l u s  is l i l ~ 4 y  to reniain in 
tlie current  probe core causing measurement 
errors .  T o  remove this f l u s  the probe is 
placed in the storage compartment and tlie 
degaussing switch is depressed. T h e  de- 
gaussing switcli connects the 50-turn sec- 
ondary ~vinding to :un oscillator a s  slio~vn 
in F i g u r e  6. The  oscilhtor protluces :1 10- 
li'I~ esponentinllp decreasing sinewave 
which initially saturates the core. T h e  de- 
caying current e1imin:ites stored f l u s  due 
to core  liysteresis. 

A n  interlock switch for  the degaussing 
oscillator is provided in the probe stor:\ge 
compartiiient. T h e  switch eliminates any 
possibility of introtlucing transformed cur- 
rent f r o m  t!ie oscillntor into the test cir- 
cuit. T h e  compartn~ent, :~cccssible f rom the 
f ron t  panel, pro\;itles convenient storage for  
the probe \\-lien not in use. 

I Fig 5. Insertion impedance. I 

u 
Fig 6. Probe degaussing. 

Probe and Amplifier 

SENSITIVITY is 1 mA/d iv  to 1 A /d i v  i n  

1 0  calibrated steps, 1 -2 -5  sequence, accu- 

ra te  within 3 %  (wi th  an  oscilloscope de-  

f lect ion factor of 5 0  mV/d iv ) .  

BANDWIDTH is DC to 5 0  MHz a t  3-dB 
down. 

RISETIME is 7 ns or less. 

DYNAMIC RANGE is + and - 1 0  divi-  

sions of display. 

NOISE (periodic and random deviat ion) 

is 0 .5  mA or less plus 0.2 or less major 

divisions of display. Random trace shift 

is 1.5 mA or less. 

THERMAL DRIFT is 2 m A I o C  or less, plus 

0.2 or less major division o f  display per OC. 

MAXIMUM INPUT CURRENT is 1 0  A (DC 

plus Peak AC) .* 
'Peak-to-peak current derating is necessary for 

CW frequencies higher than 2MHz. At 50 
MHz, the maximum allowable current i s  2 A .  

MAXIMUM INPUT VOLTAGE is 6 0 0  V (DC 
plus Peak AC). 

OUTPUT IMPEDANCE is 5 0  0 through a 

BNC-type connector. A 5 0 - 0  termination is 

supplied with the probe for use with 1 -  

megohm systems. 

AMPLIFIER POWER REQUIREMENT is ap -  

proximately 1 0  W, 5 0  Hz to 4 0 0  Hz. Quick- 

change line-voltage selector permits opera- 

t ion from 9 0  V to 1 3 6  V or 1 8 0  V to 272  V. 

DIMENSIONS AND WEIGHT of  the ompl i-  

f ier are 4 %  in. ( 1  1.4 cm) high b y  7 %  in. 

(19.2 cm) wide by  9 3 / 4  in. (24.8 cm) deep; 

6 %  Ibs. (3.1 kg ) .  

PROBE CABLE is 6 feet long, permanently 

connected between the probe head and 

amplifier. 

P6042 DC CURRENT PROBE PACKAGE 

( 0  10-0207-00)  

Includes: 5 0 - 0  BNC cable ( 0 1  2 -0057 -  

01  ) ; 5 0 4  BNC termination ( 0 1  1-0049-  

0 0 )  ; 3-inch ground lead ( 1  75 -0263 -00 )  ; 

5-inch ground lead ( 1  75-01 24 -00 )  ; two 

al l igator clips (344 -0046 -00 )  ; 3-wi re  to 

2-wire adapter ( 103-001 3 - 0 0 )  ; instruc- 

t ion manual ( 070 -0629 -00 ) .  



[MTEODGC"fIQN 

T h e  P6016 Difierential Probe and 1'6046 
Amplifier Uni t  provides new me:isurement 
cxpabilities \\-hen used xvitll all Telctronis 
oscilloscopes. \\'it11 this new probe system, 
tlie differential - signal processing t:~kcs 
place in the  probe itself, resulting in high 
corninon-mode sig~ial  rejectioii at  l-iiglier 
frcquencics. Diifercnti:il probe-tip signal 
processing minimizes the measurement errors  
caused by differences in probes, cable 
lengths, :md input nttenuatoss. I n  addition, 
the  wide-lnnd capability of the 1'6016 Probe  
and  Amplifier provides DC-to-100 M H z  
single-entletl measurement performance. 

Tlie P6046 probe circuitl-y utilizes 13 semi- 
contluctors including du:il F E T ' s  for the bal- 
anced input. -4 slvitc1-i on the prol~e selects 
A C  or  D C  input coupling. Accessories in- 
clude n plug-on 10); attcnuator for  increas- 
ing  the differential input vo1t:ige range, :ind 
a ground tip for  a1)plicatioiis requiring 
single-ended input. Gniquc swivel tips pro- 
vide x:arial~le spacing to accommod:cte the 
varying distance between test points. 

Fig 1 .  High-frequency dif ferent ial  measure -  
ment .  

T h e  P6046 .4mplifier mounts co~ive~iiently 
on the side of the oscilloscope and fe;ttures 
:\ calibrated 1 mV/div to 200 mV/div (2 V/ 
div with 1 0 S  :ctte~iu:itor) deflection factor 
(oscilloscope deflection factor set at  10 I ~ V /  
div) . Output i~npedance of tllc a~i-iplif ier is 
50 a. X 50-9 cable and teriiiin:ltion is sup- 
plied \vitli the amplifier for  use with 1-hfR 
systems. 

The  p r i ~ n a r y  use of dif ferentinl an-iplifiers 
is to measure tlie signal tliiierencc bet\veen 
t ~ v o  points that need not be refere~lced to 
groutid. 

An oscilloscope tlificrential remplifier is a 
device tliat amplifies nnd displays tlie volt- 
age difference that exists at every instant 
I~etween sigiials :ipplied to its t\vo inputs. 
F o r  example, t\vo pulses that di ifer  in both 
amplitude and coincitlence that a re  applied to 
a differenti:il :implifier will cause tlie oscil- 
loscope display to  11e a complex \vaveiorm 
that represents the instwnt:ii~eous difiereiice 
b e t m e n  the two pulses. On the other Imid, 
two signals that a re  identical in e \ w y  
respect \\.ill cause no output on the CR'r 
screen (limitations to this statement will be 
described under Common-Mode Rejection). 

T h e  amount of difference signal due to 
common-mode signnl tliat one can expect 
from a particul:ir tlificrential :implifier is 
specified by the common-motle rejection 
ratio ( C M R R ) .  This ratio aiitl associated 
terms a r e  tlciii~ed as follo\vs: 

C o m m o n - M o d e  Signal-The instantane- 
ous algebraic average of t\vo signals 311- 
plied to  a l)aia~icet l  circuit, all signals re- 
ierrcd to  a common reiercnce. 

C o m m o n - M o d e  Rejection-l'lic a l~ i l i ty  o i  
;I differential amplifier to  reject common-  
m o d e  signals. 

C o m m o n - M o d e  Reject ion Rat io  (CMRR) 
-'l'he rat io of the  deflection factor for a 
common-n-iotle signal to the  tleilection 
factor  for  a differential signal. 

Differential  Signal-7'he instantaneous,  
algebraic difiercncc I)et\veen h v o  signals. 

Measurements nlade with a dif iere~it ial  
:unpliiier sl~oultl contain an allowance for  
tlie output voltage that is due to a common- 
inode signal. For  example, if an amplifier 
with a C h l I i R  of 1,000 :1 is used to ineasure 
the difference bet\\-eeii two similar live-volt 
signals, the output seen on the oscilloscope 
screen is the result of txvo volt:iges: (1 )  the 
:ictual difierence between the input s i g d s ,  
:end (2)  the diffcl-ence voltage tliat results 
f rom the conin-ion-mode sigwil. Because of 
this combination, the actual difference volt- 
age cannot 1)e exactly measured Therefore, 
the volt:igc mcaiuretl on the C R T  screen 
should include a tolerance tliat 15 equal to 
the computed, o r  measured output voltage 
due to the common-mode signal. 

In  the ;\hove emmple,  CMIIII o i  1,000 :I 
\vitl-i a common-mode signal of 5 V, i f  :I 

differei-icc signnl of 0.015 V is nwasurcd 
on the C R T ,  it should be recorded as 0.015 V 
-C 0.005 V. 

Tlie major tlifiiculty in making differ-  
ential mc;csurements is i i i  connecting the 
signal source to the measuring device. 
Measurement errors  can be c;cusetl 1)y differ-  
e~iccs in ~ ) r o l ~ c s ,  cal~le lengths, ruitl input 
attcnuators. 
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Fig 2. Simplified input circuit and table that 
shows the change in CMRR (apparent) due 
to X I 0  probes that have a 1 ,  2, and 3 %  
difference in their attenuation value. 

Probes 

.Xttenuntor probes extend thc us:il~le volt- 
;ige range of a tlificrential amplifier 1)y 
reducing tlie input signals to n level that is 
I ~ e l o w  the m n s i n ~ u m  common-mode linear 
dynamic range. In  doing this, Iiowever, the 
probes may c:luse :i reduction in the appar- 
ent C M R R  due to component value differ-  
ences v ~ t l i ~ n  the probes For  example, 
F i g u r e  2 i l lustntcs tlic change in C X R I I  
(apparent)  due to ?;lo probes that have a 
1, 2, and 3% difference in their attenuation 
w l u c .  Bear in miixl t1i;lt the reduction in 
apparent  CAIRR can also be caused by dif- 
fe reu t  values of tlie signal source resistance. 

Cable Length 

Probes  antl cables of tlificrent lengths 
may introduce enough signal clelny between 
them to  cause a difference voltage at  the 
input to tlic amplifier. A t  50 MHz,  an 0.1- 
inch differcncc in cable length will reduce 
t h e  C M R R  f rom 1,000:l to 250:l. Also an 
inductance difference due to a %-inch dif- 
ference of lead length a t  50 M H z  can 
reduce the C M R R  from 1,000:l to 400:l. 
Processing the differential signal in the 
probe reduces these problems. 

Input Attenuators 

T o  minimize measurement errors  due 
t o  input attenuators, the P6046 Probe  antl 
Amplifier provides attenuation by reducing 
t h e  diiferential gain and common-mode gain 
within the amplifier. High-f recluency c o n -  
mon-inode rejection is difficult to obtain 
when using input attenuators. This  is due 
t o  the strap capacitance that is distributed 
along the resistor length resulting in an 
infinite number of R C  time constants that 
cannot be compensated for  over a wide 
frequency r:inge. 

T h e  dual 10X attenuator head inc l~~t led  
with the P6046 is calibrated with the P6046 
t o  provide masiuium CMRR.  T h e  attenua- 
tor  liead is Iteyed with the probe so that  the 
+ and - inputs a re  always matched. The  
attenuator liead sliould be used only when 
necessary as it will retlucc the C M R R  a t  
50 M H z  from 1,000:l to ~ 5 0 : l .  
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Source Impedance 

-4s the sign:il source impetl:unce  increase^, 
the comn~on-mode nie;isureu~ent nrol)lems 
incre:ise. If the soul-ce i111petl:ince o i  the 
t\vo signals to be measured is tliiiereiit, the 
C N R R  \rill climge due to the tiiiferent 
ratios bet~veen the source itnpedance antl 
the input impetl:ince. .-\t high frequencies 
an incrcnse of source inipedance \\.ill mng- 
ni iy tlie problems of CSIRR me:lsurcmeuts 
due to ;I mis~natcli of stray capacit~.. 

T h e  design o1)jcctive xvas to dcrelol~ a 
system that \voultl overcon1c most o f  the 
diifcrcntial measul-enient probletns of high 
frequency dif f crential aniplifiers. T h e  solu- 
tion w:is to process tlie differential signal 
a t  the signal source, tlierel~y eliminating 
most of the problcnis c:~used 11). probes, 
c:ible length :~nd  input :ittcnuators. I t  was 
:ilso neccsswy to ohtnin good common-mode 
rejection for  high-frequencies of reason:il)lc 
voltage levels. These c;ipal~ilities had to I x  
built into :I reasonably small antl convenien- 
to-use probe. 

P6046 Probe 

I n  ostler to obtain high comimn-mode 
rejection r:itios at  higher frequency, the 
design is a dep:irture f rom conventional 
input systems using emitter followers, 
bootstrapped for  all frequencies into the dif - 
ferential comparator. This  approach is lim- 
ited a t  high frequencies 11y tlie bootstrap 
system. 

The  input comp;irator of the P6046 rejects 
the common-mode signals directly without 
using an emitter-follouw input stage. T h c  
thermal time constmts of the tlu:il F E T ' s  
liinits the lo\\;-frequency Cl I I I I I .  T o  elimi- 
nate these pro l~ len~s ,  tlie input conip;~r:itor is 
l~ootstrnppetl only io r  low irequencics (DC-  
to-100 I;I-Iz). 

T h e  input-con~~):~raio~- F E T ' s  oper:itc witli 
a gain of 0.4. This lo\v gain pern~i t s  a 
Ixsger difierenti;il t1yn;itnic range :ind :i 

wider bantl.rridtll. r\n amplifier in the probe 
restores the prol~c p i n  to unity. T h e  probe 
has one differential :ittenuntor circuit that 
is controlled from the :iinplifier :inti re- 
tluccs the diifereutial g:iin :ind comnion- 
mode g;iin to 1/10, 

P6046 Amplifier 

Giin c1i;inging :ind couvertin::- fi-om :i tlii- 
fercntiitl-sigti:d to single-e~~tled operiition is 
:iccomplishctl in the PO046 :\i~iplifie~-. Chi11 
clmnging in the PO046 :\uiplifier cliini~i;ites 
t l ~ e  tlifierenti:d nleasuremcnt proble~ns :isso- 
ciated wit11 input zitteuu;itors. 

T h e  1'6046 :\mplifier h;is :i gain of 10 : u ~ l  
features :i calibr:ited 1 inTr/tliv to 200 mV/  
div deflection iactor (\\.it11 oscilloscope de- 
flection factor set n t  10 mV/tliv). 

Tlle output impedance of the :implifier is 
50 I]. A 50-0 termination is supplied with 
the 1'6046 Ampliiicr for  use rvitli oscillo- 
scopes having I-Mcl input itnpedanccs. 

Frequency 

ig 3. CMRR vs frequency with capacitance mismatch and different source impedances. 



Uecl~anical ly,  the PO046 probe is made 
:LS rugged ns I J O S S ~ ~ ~  ni thout  sacrificing 
per forn imce  o r  usability. Thirteen semi- 
contluctoi-s, including dual F E T ' s  i o r  the 

1 ba1;uiced input, a re  housed in tlie P6016 
probe. 

T h e  body of the prolx is made of liigli- 
impact plastic, plating grade. Tile inside of 
t h e  body is p1:ltetl 1vit11 :I low-resistmce 
material t11at provides an excellent ground 
plane ant1 elcctrostatic shield from outside 
raciintion. 

Several p ro l~e  tips hxve been designed for  
t l ie  P6OlO probe. The probe-tip input con- 
nectors a r e  mounted on 1/?-inch centers and 
:we designed to mate n it11 coaxial connectors 
p e r ~ i ~ a n e n t l ~  mounted on circuit I~oards. The  

1xrm:ment conilectors provide excellent 
ground and sigml coilnection :md should be 
used \vhencver possi1)le. 

\\.lien it is not convenient to use the 
perm:lnent co:lrial connectors, a number of 
speci;d tips :we includecl. For  niaking meas- 
urements iron1 test points that a re  not 
spaced %-inch apart, slvivel tips a r e  in- 
cludetl tliat provide variable spacing from 
3/16 incll to 1% iincl~es. See Figure I .  

Also included is n ground tip that shorts 
one of the input tips to the coaxial ground 
for  single-ended measuremenis, hooked tips 
for  hanging the ~ ) r o l ~ e  into circuits, and 
sleeve-type ;~tlapters for insu1:iting the tip's 
coaxial ground. The  dual 1 0 1  :\ttenuntor 
Iiexl included \vit11 the 1'6046 probe has the 
same tip configxration a s  the prol~e. 

Probe and  Amplifier 

DEFLECTION FACTOR i s  1 mV/div to 200 

mV/div in 8 calibrated steps, 1-2-5 se- 

quence, accurote within 3 x (with an oscil- 

loscope deflection factor of 10 mV/div). 

BANDWlDTH i s  DC-to-100 MHz at 3-dB 

down. 

RISETIME i s  3.5 ns or less. 

COMMON - MODE REJECTION RATIOS 

with deflection factors of 1 mV/div to 20 

mV/div are 10,000:l at DC, 1,000:l at 

50  MHz, and typically 100:l  at 100 MHz. 

COMMON - MODE LINEAR DYNAMIC 

RANGE i s  * 5  V (DC + peak AC), 2 50  V 

with 1 OX attenuotor. 

INPUT RC i s  1 MR paralleled by approxi 

mately 10  pF. 

INPUT COUPLING i s  AC or DC, selected 

by o switch on the probe. Low-frequency 

response AC-coupled i s  3-dB down ot 20 Hz, 

at 2 Hz with 10X attenuator. 

NOISE (periodic and random deviation) 

referred to the input i s  280 pV or less. 

MAXIMUM INPUT VOLTAGE i s  f 2 5  V 

(DC 4- peak AC), f 250 V with 1 OX atten- 

uator. 

OUTPUT IMPEDANCE is 50 R through a 

BNC-type connector. A 50-R terminotion is 

supplied with the probe for use with 1 -meg- 

ohm systems. 

LINEAR OUTPUT is f 10 div with the 

oscilloscope set at 10 mV/div. 

PROBE CABLE is 6-feet long, terminated 

with a special nine-pin connector. 

P6046 DIFFERENTIAL PROBE AND AMPLIFIER 

(010-0106-001 

Includes P6046 Probe (01 0-02 14-00)  ; 

Amplifier for P6046; 5 0 - f l  BNC cable 

(01  2-0076-01 ) ; 50-R BNC termination 

I Fig. 4. P6046 Swivel tips. I 

(01  1-0049-00) ; dual 10X attenuotor 

head (01  0-0361 -00)  ; four swivel-tip as- 

semblies (010-0362-00) ;  special ground 

tips (010-0363-00) ;  5-inch ground lead 

( 1  75-01 24-00) ; 12-inch ground lead 

( 1  75-01 25-00) ; two alligator clips (344-  

0046-00)  ; two hook tips (206-01 14-00) ;  

two test jacks (1  31 -0258-00)  ; two in- 

sulating tubes ( 166-0404-00) ; two 

ground clips (214-0283-00) ;  corrying 

case (01 6-01 1 1-00)  ; two instruction 

manuals (070-0756-00) .  

THE TYPE 1A5 DIFFERENTIAL PLUG-IN 

with the Type 530, 540, 550, 580-Series 

Oscilloscopes can use the P6046 Differential 

Probe without the P6046 Amplifier. The 

P6046 probe extends the Type 1A5 differen- 

tial measurement capabilities to 5 0  MHz, 

CMRR i s  1,000:1 at 50  MHz. 

P6046 PROBE PACKAGE (01 0-021 3-00] 

Printed in U.S .A.  
S K D  







Color T V  lias caused Television Broadcast 
facilities to expand at n rapid mte. The 
resulting increase in the quantity and com- 
plexity of studio equiptnent has created a 
need for more versatile, easier to use, meas- 
uring equipnxnt. Oscilloscopes are exten- 
sively used in the T V  Broadcast industry 
as program monitors to measure picture 
levels, as troubleshooting tlevices to isolate 
equipment malfunctions, ant1 as a measure- 
ment tool to tleterniine waveform cornpli- 
m c e  with FCC Standards. 

The studio operator now routinely veri- 
fies o r  adjusts a variety of parameters that 
were not required with black and white 
equipment; burst phase, I, (2, burst level, 
color bar phase, luminance to cliro~uinance 
level and others. 

In addition to the variety of color system 
setup requirements, greater emphasis is being 
placed on in-service monitoring of picture 
quality. Signal distortion limits which de- 
fine acceptable picture quality are well es- 
tablishetl. Suitable test signals have been 
developed to check distortion ; i.e. NTSC 
Color Bar Test Signal, Linearity stair-step, 
etc. Using these standard test signals as 
reference values, quantitative measurements 

of picture quality are readily ~natle Ho\v- 
cver, certain signal tlistortions-partic~~larly 
tlif ferential phase may he tlif ficult to iden- 
tify or diagnose. 

A new Vectorscope was developed, to 
assist the Broadcast Engineer ant1 Tech- 
nician in making these color me:isurenients. 
The new Tektronix 520 NTSC Vectorscope 
(Fig  1) was designed with emphasis as an 
"operating" instrument ra t l~er  than a special 
test oscilloscope used only to identify or 
solve special video probletns. 

The new oscilloscope is tlesignated as ;I 

"vectorscope", however, the addition of :I 

luminance channel lias extended the meas- 
urement versatility to include most of the 
routine checlts required in a color caniera 
chain. 

\\'Iiile measurement versatility is important 
when considering the purcl~ase of any piece 
of equipment, ease of operation and long 
term reliability are equally important. 
Through special design efforts the Type 
520 Vectorscope provides the user with sta- 
ble drift-free displays at the touch of a 
button, without sacrificing ~neasurement res- 
olution or accuracy. 

The push-button operating controls are ar- 
ranged into two groups-one for signal se- 
lectiou and one for measurement display 
mode. -411 controls unnecessary for specific 
~neasurement are autotnatically disconnected 
f rom use to eliminate f ront-panel con£ usion. 
Controls such as the C R T  display focus and 
positioning controls wl~icli require only 
periodic adjustment are located behind front- 
panel doors. 

F ig  2 shows the typical vector display of 
a 75 % saturated color bar test qignal. Note 
the sharply defined spots which permit in- 
creased phase-angle resolution, particularly 
useful for detecting phase jitter or very 
stnall phase errors. 

F ig  3  illustrates the cotnparison of two 
signals on a time-sl~ared basis. Channel A 
is displayed for two scanning lines and 
channel R displayed on the next successive 
two scanning lines. The tirne-shared signals 
appear as if they were being displayed 
on a dual-beam oscilloscope. The time dif- 
ference behveen the two input signals nor- 
mally causes a phase-angle tlisplacement be- 
tween the two displays (Note Fig 3 ) .  This 
condition is normal and is due to subcarrier 
reference in the instrument being loclted 
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to only one of the signals. Ry adding a sec- 
ond phase-control knob to  tlie front  panel 
ant1 time sharing its operation with tlie first 
phase control, the burst of each input signal 
can he independently rotated to the S axis  
perinitting an overlay of the vectors for  
direct comparison. For  example, F i g  4 
illt~strates tlie input and output waveforms 
of a distribution amplifier, with intentional 
distortion, applied to C1i;innel A and Chan- 
nel B inputs respectively. Ilifferentinl phase 
and differential gain can easily be seen to 
exist on tlie yellow, cyan 2nd to n lesser ex-  
tent, the green, red and magenta vectors. 
Only sliglit dificrential phase is evidenced 
l ~ y  the blue vector. \\bile this illustratio~l is 
somcwlnt severe, note that tlie differential 
gain is more severe than the diffcrenti:d 
phase-a valuable clue when determining the 
cause of tlie distortion, such a s  clamping 
failure in an amplifier 

One of the tnore familiar applications 
of the vectorscope is the measurement of 
differential phase atid differential gain. T h e  
Type 520 Vectorscope provides these meas- 
urement capabilities quickly and :~ccul-ately 
at  the touch of a 1)utton. F i g  5 illustrntes 
the Differential Gain operating mode using 
a modulated stairstep waveform. -4 dif- 
ferent graticule is used to  measure dif- 
ferential gain than was used to  make the 
measurement in F ig  4, T h e  IRE Grati- 
cule and the parallax-free vector graticule 
a r e  in place but excli graticule is selectively 
i1lumin:~tctl when the button for  the desired 
measurement is depressed. T h e  one per- 
cent error  on the tenth step (counting from 
left to  right) is easily observed. 

Fig 2-Vector display of 7 5 %  saturated color bar test signal Fig 3-Vector display with channel A and B time-shared 

Fig 4-Vector display of input and output waveforms from a distri- Fig 5-Differential Gain display using a modulated stairstep wave- 
bution amplifier form 



W h e n  the d + (differential phase) button 
is depressed, the display is automatically 
repositioned to the center of the C R T  and 
the graticule illumination removed. The 
measurment is then taken from the calibrated 
phase shift dial and the C R T  display now 
serves only as a 11u1l indicator. Since con- 
siderable amplifier gain is required to re- 
solve phase differences of 0.2 degree or 
less, small amounts of noise existing on 
either the applied signal or in the vector- 
scope will make display interpretation dif fi- 
cult. Display interpretation is simplified by 
alternately inverting the display to  produce 
the mirror image observed in Fig 6. Any 
noise on the display (as evidence by a wide 
trace) can then be averaged out by simply 
adjusting the ovcrlayed traces for minimum 
trace width. In Fig  6 each step has a phase 
transient in the middle amounting to about 
0.09". 

REMENf CAPABlblTY 
The Type 520 Vectorscope utilizes the 

luminance portion of the composite color 
signal to permit measurement of the trans- 
formed red, green and blue picture values 
which normally appear at the picture tube 
of a color monitor. The Y (or M) 
luminance signal and the chrominance sig- 
nal are transformed at  the receiver into 
red, green and blue picture components 
Currently, the only means by which the 
transformation can be verified is by ob- 
serving the display from the color picture 
tube itself. Subjective evaluations of pic- 
ture quality made from color bars viewed 
directly on a color monitor are influenced 
by several variables : 

1) Phosphor light output efficiency is 
reduced with age or usage. 

2) Color response of the human eye varies 

from viewer to viewer making con- 
sistent readings difficult. 

3) Picture monitor characteristcis may 
vary. 

4) Small error differences between the 
luminance and chrominance waveform 
amplitudes are almost impossible to 
detect without using picture compari- 
son techniques. 

y ,  K, &, 3nd 3 

Measurement of the transformed signal 
is made by selecting one of four buttons 
labeled Y, R, G, B. These buttons corre- 
spond to luminance, red, green and blue 
video displays. 

When saturated colors (75% or 100%) 
are displayed on a picturc monitor, the 
monitor electron guns are cither on or 

Fig 6. Differential Phase measul 
signal. Dial reading A 
differential phase. 

,ement using a modulated stair-step 
to dial reading B indicates 2.1' 

Fig 7-Red values of NTSC Color Bar Test Signal with magenta 
and red bars oversaturated 

Fig 8-Red values of the NTSC Color Bar Test Signal with luminance 
amplifier nonlinearity in the white region 



Fig 9-Green values of NTSC Color Bar Test Signal Fig 10-Blue values of NTSC Color Bar Test Signal 

off  as  primary antl complementary colors 
a r e  reproduced. During the primary color 
"Red", for instance, the red gun is on and 
green atld blue guns are off .  The comple- 
mentary color of "Red" is "Cyan", which 
is  reproduced by the green and blue guns 
with the red gun held off. 

I n  Fig  7 the red ( R )  "image" is displayed 
on the vectorscope using the "statidard" tle- 
coded color bar signal. The colors are ar- 
ranged from the left of the display to the 
right in order of descending luminance- 
grey, yellow, cyan, green, magenta, red, 
and blue. Note that the magenta and red 
bars are over-saturated, however, the error 
is  not easily detected by the eye on the pic- 
ture tnonitor because the error is not too 
large. Observing the vector display of the 
same signal in Fig 2 indicates that the 
chromitiance portions of the encoded color 
bars are correct. Therefore the luminatlce 
levels for  magenta and red must be incorrect 
-too high in this case. In this illustration, 
since only two color bars are affected, the 
error is not due to non-linear luminance 
gain but simply because the luminance ped- 
estal levels of the color bar generator are 
incorrectly adjusted. 

Fig 8 shows the same display except 
that the luminance amplifier is non linear 
in the white region. The effect however, 
is uot apparent on the grey and yellow bars 
but on the magenta, retl and blue bars 
antl is due to the luminat~ce amplifier gain 
having been adjusted with a white pedestal. 

Fig 9 illustrates the green ( G )  display 
of the same maveform. Note the luminatlce 
distortion previously observed affects the 
green more seriously. Grecn should he 
off during the last three bars \\ihile the 
slight presence of green during the retl bar 
will cause the disp1;~yetl red to appear orange 

to the eye (because red is a primary color) 
the magenta error would be more difficult to 
detect in the reproduced picture. 

Fig 10 shows the blue picture display 
which is not as seriously affected by lurni- 
nance errors. 

Pusll-button controls provide 11ew opesat- 
ing convenience and permit rapid selection 
of displays for quick analysis of television 
color signal characteristics. Amplitude cali- 
brated displays of c l ~ r o ~ n a  and luminance 
are assured with internal calibration test 
signals to verify amplifier accuracy. The 
luminance component of the composite color 
signal is derived for displaying separately 
or in combination with the red ( R ) ,  green 
( G ) ,  or blue ( R )  components. 

Two 0" to 360' phase-shif ters provide 
independent phase control of channel A 
and B. Phase differences caused by unequal 
signal paths are easily cxncelletl. A precision 
calibratetf phase shifter with a range of 30°, 
spread over 30 inches of dial length pro- 
vides excellent resolution for making small 
phase angle measurements. Video cable 
letlgths can be accurately matched for  time 
delay at  the color subcarrier frequency to 
less than 0.5 " phase difference. Differential 
gain and differential phase tneasuretnent 
capabilities are provided \\.it11 accuracies 
within 1% for gain and 0.2" for phase. 

A digital line selector permits the display 
of a single line Vertical Interval Test Sig- 
nal from a selected line of either field 1 
or field 2. 

A parallax-free vector graticule, or I R E  
graticule, is automatically selected and edge- 
lighted concurrent with operating mode se- 
lection. All silicon solid-state design provides 
long-term reliability and cool, quiet opera- 
tion. 

The Type 520 N T S C  Vectorscope is 
a met or available in electrically identical c b' 

rackmount models. 

A more complete description of this in- 
strument is found in the Tektronix New 
Products Catalog Supplement recently dis- 
tributed. 

T Y P E  520 NTSC VECTORSCOPE $1850 

T Y P E  R520 RACKMOUNT . . . . . $1850 

U.S. Sales Price FOB Beavertan, Oregon 



The Type 564 Storage Oscilloscope, n 
measuring instrument, served as an excel- 
lent exploratory tool to determine the ad- 
vantages of bistable-storage cathode-ray 
tubes as computer readout devices. Sev- 
eral groups experimented with the bistable 
storage tube in this application and the 
results show that a bistable storage tube 
when used with the appropriate periphal 
equipment provides Ilig11-resolution, non- 
ref reshed, alpha-numeric and graphics dis- 
plays without flicker or fade. 

A sequence of events occurred as the 
computer market developed that contributed 
toward the development of .the bistable stor- 
age tube as a computer display device. 

(1)  Computer usage was being discour- 
aged by man-to-machine interface problems, 
that is, a problem is submitted through a 
programmer, a misunderstanding is found 
after a period of time, the problem is re- 
submitted, etc. 

(2) Larger and faster computers were 
developed to  help offset computation costs. 
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(3) Teclmiques to improve computer time 
utilization \\ere tleveloped. 

(4) Computer time-sharing appeared to 
be a solution to efficient use of computer 
time but because of input-output limitations, 
many parallel or time-shared users are re- 
quired in order to keep the computer busy. 

(5) Time-sharing ;L central computer re- 
quires remote terminals convenient to the 
users. 

(6)  The cost per remote terminal for 
time-sharing application must be sensibly 
low. 

(7)  A major economic consideration of 
remote terminals is local memory cost, es- 
pecially if arbitrary format alpha-numeric 
and graphic capabilities are required. I t  is 
not economically wise to provide display 
refreshing from the computer memory, and 
even with a buffer memory the communica- 
tion link banclwidth may be too narrow to 
allow refreshing a display at  above flicker 
rates. 

(8) For applications where flexible for- 
mat is required and large amounts of data 

are to be presented, the Tektronix simpli- 
fied direct-view 1)ist:ible-storage C R T  pro- 
vides an economic solution to the memory/ 
display problem. 

The interested groups who experimented 
with the Type 564 Storage Oscilloscope 
as a computer remote-terminal readout de- 
vice were encouraged by the results obtained 
and indicated the need for an instrument 
optimized for computer display rather than 
measuring applications. Producing an in- 
strunlent specifically for computer readout 
purposes required different design objec- 
tives than those for measuring devices. 

(1) Writing-speed parameters could be 
traded off for more uniform and smaller 
spot size. 

(2) Plug-ins replaced with built-in am- 
plifiers resulting in a more compact unit. 

(3)  The Z axis modified for "on-off" 
operation. 

(4) The  C R T  target modified for im- 
proved isolated stroke o r  dot appearance ( a  
key contribution). 



The  recently announced Types 601 and 
61 1 Storage Display Unit; were designed to 
b e  used as integral parts of computer remote 
terminals. When driven by the appropriate 
periphal equipment these units will present 
non-ref reshed displays of alpha-nuinerics 
and  graphics without flicker or fade. 

The  Type 601 and 611 are intended for 
ilzdividzral use, not group viewing. The high 
resolution of the 601 and 611, require the 
viewer to sit fairly close to the instrun~ents 
in order to resolve the displayed informa- 
tion. 

The  Type 601 Storage Display Unit fea- 
tures a new, Tektronix developed, 5-inch 
bistable-storage display t u h ,  providing clear, 
non-fading presentations. Resolution in an 
8-cm x 10-cm display area is 100 stored 
line pairs in the vertical axis and 125 stored 
line pairs in the horizontal axis providing an 
information capacity of about 400 alpha- 
numerics. The information storage rate is 
100-thousand dots per second and time re- 
quired to erase the stored information is 
200 Ins. All solid-state modular circuit de- 
sign insures long-term stal~le performance. 

The operating functions are remotely pro- 
grammable by simply grounding program 
lines a t  a rear-panel con~vxtor.  Access to X, 
Y antl Z inputs is through rear-panel BNC 
connectors or a remote program connector. 

The Type 611 Storage Display Unit fea- 
tures an 11-inch magnetically deflected, 
bistable-storage display tube developed by 
Tektronix. This new storage tube offers 
high information density and excellent res- 
olution on a 21-cln x 16.3-crn display screen. 
T h e  information capacity of the Type 611 
is about 4000 alpha-numerics. Dot settling 
time is 3.5 ps/cm plus 5 ps and dot writing 
time is 20 ps. The time required to erase 
and return to  ready-to-write status is 0.5 
seconds. 

The operating functions are remotely pro- 
grammable through a rear-panel connector 
wit11 access to  X, Y and Z inputs through 
rear BNC connectors or the remote pro- 
gram connector. A "Write-Through Cur- 
sor" feature permits positioning the writing 
beam to any point on the display area with- 
out storing the cursor or destroying pre- 
viously stored information. Write through 
for  alpha-numerics and graphics can be done 
by shortening the unblank pulse duration 
from the normal value of 9 p s  (Type 601) 
or 20ps (Type 611). This mode of opera- 
tion is useful for  manual graphics, with the 
aid of equipment like the Rand Tablet or 
with an SRI  Mouse. An internal test signal 
provides a quick check of focus, storage 
and general perforlnance status of the in- 
strument. 

S I G N A L  
FROM 
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Fig 1-Block d i a g r a m  o f  T y p e  61 1 pincushion a n d  dynamic  focus  correct ion.  

Compatibility between the Types 601 and 
611 is maintained with regard to the input 
connectors antl selection of common func- 
tions, such as erase. However there are 
differences which should be kept in mind. 
The Type 601 has * 6 cm continuously 
variable position controls for  S & Y, while 
tlie Type 611 has three position switches 
that permit the operator to  select one of 
nine h a m  resting positions. Variable con- 
trols provide a & l o %  range for  small ad- 
justnients of each position. The limited var- 
iable range was chosen because of the more 
stringent drift requirements of the Type 611. 
Both units have internal gain calibration ad- 
justments to set the full screen deflection 
voltage within 2% of 1 volt. Both units 
have provision for  other less-sensitive de- 
flection factors. 

Trace alignment of the two instruments 
is different. The Type 611, using an elec- 
tromagnetrically-deflected tube, has an ex- 
ternal deflection yoke which may be rotated 
to align the traces; orthogonality is a func- 
tion of how well the yoke was tnanufactured. 
The larger screen requirement of the Type 
61 1 requires magnetic deflection through 
an angle of 70°, in order to keep tlie length 
of the instrumeut reasonable (the Type 611 
is about 20% longer than the Type 601). 
The wide magnetic deflection angle of the 
Type 611 CRT,  together with the flat face- 
plate, requires correction to the deflection 
geometry, linearity and focus. \Vithout go- 
ing into the ~nathematical details, it can be 
said that hoth pincushion and dynamic focus 
require squared deflection terms. Figure 1 
shows the block diagram. The squaring cir- 
cuit is a siugle F E T .  The lnultiplier is n 
differential pair driven from a current 
source. Thus with comparatively simple 
circuitry, the circuit generates tlie required 
X'Y aud Y2X for pincushion correction, and 
X2 + Y' for focus correction. The  dynam- 

ic focus summing circuit gets its input from 
the multipliers, rather than the squaring 
circuits directly, because of the signal levels 
involved ; that is, the output of the multiplier 
is at  a more convenient level than the squar- 
ing circuit. This combination of corrections 
appears to be new, and unexpectedly simple. 

The Type 601 with an electrostatically 
deflected tube has a ztniqzle method of cor- 
rection; instead of the usual rotation coil, 
signals are independently mixed from the 
X and/or Y amplifiers into the Y and/or 
X amplifier, thus introducing tilt and/or 
slant as necessary to correct trace alignment 
and/or orthogonality. Because of this cross- 
mixing, the use of the Type 601 as a wave- 
form monitor should be restricted to appli- 
cations involving bandwidths below 100 kHz. 
The smaller deflection angle and lower res- 
olution requirement of the Type 601 mabe 
dynamic scan or focus corrections unnec- 
essary. 

<,.*see 0 5  ,%,."~ 
s~h ; r ? ip~ i< f  

The first instrument to use the Telctronix 
developed bistable storage tube was the Type 
564 Storage Oscilloscope, introduced in the 
spring of 1962. Siuce that time, the Type 
561 has found extensive use in a multiplic- 
ity of applications including information 
display. Early experiments with the Type 
564 as an information display device proved 
the validity of the concept and helped define 
new storage tube requirements; the Type 
601 aud 611 Storge Display Units are the 
first display instruments to employ these 
new storage tubes. 

A more coniplete description of these new 
iustruments is found in the Tektronix Ncw 
Products Catalog Supplement recently dis- 
tributed. 

Type 601 Storage Display Unit  . . $1050 

Type 61 1 Storage Display Unit  . . $2500 

U.S. Sales Prices FOB Beoverton, Oregon 

Printed in U.S.A. TPD 
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Frequency Domain Stability Measurements 
Reprinted courtesy of Horizon House-Microwave, Inc. 

Suectrum Analvzer Techniques 

The  objectives of this paper are: to 
examine the presently available techniques 
of frequency stability ~neasure~nent in the 
frequency domain, ix. ,  by the use of 
soectrum analyzers; to examine some of 

for Frequency Stability Measurements the advantages and limitations of spectrum 
analyzers for this application and to pre- 
sent examples of typical measurements. 

INTRODUCTION 

Designers of micro~vave instruments are 
interested in measuring and specifyi~lg the 
frequency stability associated with their 
equipment. Stabilities on the order of 0.1 
to 10 P/h? are usually sufficient for the 
majority of con~mercial instruments, such 

@ 1968, Tektronix, Inc. All Rights Reserved 



Morris Engleson and Gene Kaufman, Tek- 
tronix Projecf Engineers confer over a Type 
491 Spectrum Analyzer. 

as signal generators and receivers. W e  
shall, therefore, concentrate on this small 
range o f  measurements. 

The  questions we shall examine are: 

1 .  I-Iow does one differentiate between 
long-term and short-term stability? 
This question can be considered from 
several viewpoints. a )  Does a specific 
change have to occur in seconds, in 
milliseconds or in microseconds to be 
considered short-term? b )  How short 
does the measurement time have to 
be (again, in seconds, in nlilliseconds, 
or in  n~icroseconds) in order for the 
phenomenon to be measured to be 
considered short term? 

2. How does one measure frequency 
stability? This question too has sev- 
eral facets. a )  What instrumentation 
should one use; counters, frequency 
deviation meters, spectrum analyzers, 
etc? b )  Should the measurement be 
nlade i n  time domain (i.e., P /M 
or frequency domain (i.e., spectrum 
width) ? 

Frequency stability measurement tech- 
n i q ~ m  in time domain by means of a fre- 
quency counter are \\;ell known in the in- 
dustry. This  technique has the advantage 
o f  simplicity, ease o f  operation, and the 
capability o f  making measurements on 
highly stable oscillators ( i t . ,  better than 
one part in 107). Frequency stability meas- 
urement techniques in frequency domain 
by means o f  spectrum analyzers, on the 
other hand, are not too well known. This 
technique p e r m i t s nl a n y measurements 
(such as that o f  signal purity; i.e., non- 
coherent sidebands or AM as opposed to 
F M )  which cannot be performed with a 
counter. W e  shall concentrate on these 
measurements and show in bvhich respects 
the spectrum analyzer is superior to the 
counter. This  is not to imply that the 
counter does not have its place or that the 
counter is not superior to the spectrum 
analyzers in many areas of  frequency 
measurement. 

DEFINITIONS 

There are at least t\vo acceptable ways 
o f  specifying oscillator stability. One de- 
scribes the phenomena in time domain, the 
other in frequency domain. T h e  question 
o f  holv to characterix (time or frequency 
domain) any particular signal is almost 
impossible to answer. However, one can 
arrive at a reasonable compromise by con- 
verging on the subject from both ends, i.e., 
starting with signals that are definitely in 
one or the other category. 

It is quite obvious that two or more CW 
signals coexisting simultaneously side by 
side can be characterized most meaning- 
fully in the f req~~ency  domain. By the same 
token, to characterize the drift o f  an ex- 
tremely stable CW signal, such as a fre- 
quency standard, in terms o f  spectral dis- 
tribution is inconvenient. Other signals are 
more difficult to characterize. Thus, an 
Fhl signal can certainly be legitimately 
described by a carrier and sidebands. Ye t ,  
as the FM rate gets smaller, the FM signal 
approaches sloivly drifting CW; under such 
circumstances it should logically be de- 
scribed in time domain. 

As another example, consider a pulsed 
RF signal, such as encountered in radar 
or a squegging oscillator. Radar pulses 
are nearly alnays described by a spectral 
distribution in the frequency domain. Y e t ,  
surely as the pulse width gets wider and 
the p ~ ~ l s e  repetition rate lower, a point is 
reached \\here a description in frequency 
domain is not generally useful. Therefore, 
it appears that arbitrary standards without 
regard to the measurement technique or 
application are not helpful. 

I t  seems the best description, whether 
frequency or tirne domain, should be de- 
pendent on the characteristics o f  the meas- 
urement device or application. Experi- 
mental experience indicates that as long 
as the frequency changes in the device 
under discussion occur in a time interval 
one-fifth to one-tenth o f  the basic time 
constant o f  the associated equipment, one 

cannot differentiate between simultaneously 
coexisting signals and a single signal whose 
frequency is changing ~v i th  time. O n  the 
other hand, uhen the instabilities in the 
device under test occur in a time interval 
o f  the same order o f  magnitude as the time 
constant o f  the associated equipment it 
becomes quite obvious that things are hap- 
pening as a function of  time. Thus, a good 
demarcation line for the two methods o f  
describing frequency stability might be: 

1 .  Frequency domain for phenomena 
that occur faster than one-fifth o f  the 
basic tirne constant o f  the end use 
contemplated. 

2.  T ime  domain for phenomena that 
occur at a slolver rate than one-fifth 
o f  the basic time constants o f  the 
associated equipment. 

Similarly, to our way o f  thinking, the 
required measurement time and/or the 
time for a particular frequency change to 
occur in an oscillator must be individually 
redefined for each application. W e  know 
of  no satisfactory practical definition with- 
out recourse to an application or measure- 
ment technique. Thus, those phenomena 
which occur faster than some basic time 
interval (e.g., detector time constant in  a 
receiver) o f  the measurement instrument, 
or instrument in which the oscillator is to 
be used. can be considered as short term. 

Phenomena which take a longer time 
interval to occur than the basic instrument 
interval can be considered as long term. 
Let us apply these definitions, as a case in 
point, to the s\\qt frequency spectrum 
analyzer. T h e  oscillator can be considered 
as either an integral part of the spectrum 
analyzer or an independent entity being 
checked for stability with a spectrum 
analyzer. It can be shown1 that a basic 
time interval for a spectrum analyzer is 

U 
T = where D is total disper- 

d5.13 (BZ) 

sion (i.e., dispersion in Hz/div times the 
number of  horizontal divisions for full 



screen) and B is the final amplifier 3 dB 
bandwidth. O n  the surface, it appears 
t h a t  the boundaries were picked artificial- 
ly. In  practice there is a definite notice- 
ab le  difference in the spectrum analyzer 
display depending on the analyzer settings 
a n d  the type of instabilities present. 

T h e  follo~ving photographs will illustrate 
these points. Fig 1 is a spectrum analyzer 
display of a frequency modulated carrier. 
T h e  FM rate is 10 Hz or 0.1 s for a com- 
plete frequency excursion. I t  will be noted 
tha t  the display exhibits a definite spectral 
width, namely 4 cm. The spectrum ana- 
lyzer was suwping at a rate of 0.2 s/div, 
o r  a total of 0.8 s for 4 div. 

frequency change occurs in a time interval 
less than T = 

f ig  3 l o n g  term drift measurement. 

Long Term Drift 

f i g  1 Frequency modulation-slow analyzer 
scanning rate. 

MEASUREMENT TECHNIQUES 

The  following experiments indicate the 
versatility of the spectrum analyzer .and 
present comparison data bet~veen spectrum 
analyzer and counter for frequency sta- 
I3ility and signal purity measurements. 

I n  this case, the phenomenon under 
measurement is occurring at a rate eight 
times faster than the lneasurement time. 
Fig 2 sho~vs the same signal displayed ~vi th  
the  sanle spectrum analyzer with all con- 
trols set identically to those for fig 1 
except for stveep time. Here the sweep 
time has been set for 20 ms/div or 80 
ms  for 4 div. Observe that the charac- 
teristic FM spectrum has disappeared. As 
fa r  as the spectrum analyzer is concerned 
i t  might as well be responding to a CW 
signal. 

f i g  4 Short term FM measurement. 

f i g  2 Frequency modulation-fast analyzer 
scanning rate (single sweep). 

Both the counter and spectrum analyzer 
are \cell suited to long term drift measure- 
ments. Fig 3 \$as obtained by triggering 
a spectrum analyzer to sweep once every 
minute. Analyzer settings were center fre- 
quency 400 MHz and dispersion 50 kHz/ 
cm. Readings \\.ere si~nultaneously taken 
in one minute intervals on a counter and 
the data in Table I was obtained. 

Table I 

Long Term Drift 

Interval 
Number 1 2 3 4 5  

Fig 3 sho~ .s  the long term drift of an 
oscillator obtained by triggering the spec- 
trum analyzer stveep in 1 minute intervals. 
I t  will be noted that each of the several 
sweeps has generated a clean display trac- 
ing out the shape of the resolution band- 
~vidth. 

Frequency 400 400 400 400 400 
MHz .55 .51 .47 .43 .39 

Interval 
Number 6 7 8 9 1 0  

Frequency 400 400 400 400 400 
M 1-1 z .35 .31 2 8  .26 .25 

We can now calculate total drift, drift 
in P/M or drift/min from a knowledge 
of the spectrum analyzer control settings. 
The numbers thus obtained represent a 
long term stability specification for the 
oscillator. We can say very little about the 
short term characteristics as the analyzer 
controls were not set for a high resolution 
analysis. Fig 4, on the other hand, shows 
the short term characteristics of an oscilla- 
tor without telling us anything about long 
term performance. Here the dispersion 
\\.as set for 500Iiz/cm at a resolution of 
100 Hz and a sweep time of 0.2 s for full 
screen. I t  ~vill be noted that a definite fre- 
quency change has occurred during the 
time interval of the single sweep. The  trace 
is spread out over approximately 1.5 cm 
for a total of 750 Hz. 

Were this oscillator to be used as a com- 
ponent of the measuring analyzer, it 
\vould have a definite effect on the short 
term stability of the analyzer. This could 
be surmised by observing that a definite 

From the spectrum analyzer data we 
observe that oscillator drift during the ten 
minutes of observation was 6.1 cm and at 
50 kHz/cm this is equivalent to 305 kHz. 
The counter data indicates that total drift 
tvas 300 kHz. Similarly, drift during the 
first minute, drift during the tenth minute, 
average frequency change per unit, time, 
etc., can be calculated from both counter 
and spectrum analyzer data. Clearly the 
counter is superior in accuracy to the 
spectrum analyzer which had an  error, in 
this case, of 5 kHz out of 300 kHz or 1.7 
per cent compared to the counter. 

Incidental Frequency Modulation 

Incidental frequency modulation is usu- 
ally of a random nature so that given a 
short enough averaging interval and a 
sufficiently long observation time one can 
get an excellent idea of the peak to peak 
frequency deviation by the use of a coun- 
ter. 



Spectrum Analyzer General lnfor 

iENSITIVITY-SIGNAL TO NOISE 

Sensitivity of a Spectrum Analyzer is 
pecified as the signal power input re- 
pired to produce a 2 to 1 ratio of sig- 
la1 $ noise power to noise power at the 
x l t p ~ ~ t .  Noise power is a function of 
implifier bandnidth and gain. There- 
'ore, signal power is noise limited or noise 
lependent. 

Noise power vs signal power may be 
itated a t  100 kHz bandwidth (Resolution 
:ontrol) to be -85 dBm. At 1 kHz band- 
vidth (minimum bandwidth), the sensi- 
ivity may be stated as -105 dBm. This 
ndicates a 20 dB greater sensitivity at 1 
<Hz bandwidth than at 100 kHz band- 
vidth. This is confirmed by a 100 to 1 
(bandwidth reduction) ratio being equal 
o 20 dB ( a  dimensionless number, but an 
:xpression of power ratios). 

A sensitivity of -105 dBm says that a 
signal ~ t i t h  a power level of 105 dB belo\\ 
a reference of 1 mW, plus the noise polver, 
will be 2 times (3 dB) greater than the 
noise power alone; or, signal plus noise 
equals 2X noise; noise being a function of 
I~andwidth and gain. 

Knowing the amplifier l~andwidth, sensi- 
tivity may be measured at any bandwidth. 
In the interest of time and ease of meas- 
urement, the sensitivity figure, measured at 
100 kHz bandwidth, plus 20 dB ( 100 to 1 
ratio) is correct for a bandwidth of 1 kHz, 
as is specified in the catalog. The actual 
measurement at 1 kHz bandwidth is tedi- 
ous to make, requiring minimum disper- 
sion and a very slow sweep. 

491 I 1  L2011 L30 DIAL ACCURACY 

The RF Center Frequency dial accu- 

REFERENCE CHART 

racy of t- (2 MHz + 1% of dial reading) 
may at first appear as an unusually large 
frequency tolerance to be ascribed to a 
10 MHz R F  signal. I t  could just as well 
have been described as t- 1 Yo of local oscil- 
lator fundamental or harmonic frequency. 
However, the latter explanation would not 
allow calculation of the dial accuracy limits 
from the dial reading. 

When the dial reads 10 MHz the local 
oscillator is tuned 200 MHz higher in fre- 
quency to 210 MHz. One percent of 210 
MHz is equal to 2.1 MHz. On the other 
hand t- (2 MHz +1% of 10 MHz) is also 
equal to 2.1 MHz. Generally it is much 
easier to derive the frequency accuracy 
limits from the dial reading than having to 
determine the fundamental or specific har- 
monic frequency of the local oscillator for 
a particular dial reading. 

50 Hz to 1 MHz 1 MHz to 36 MHz 

to -70 dBm 

LO-26 HZ to 61 Hz 

self contained 



Table I1 
Peak to Peak Frequency Deviation of Incidental Frequency Modulation 

I n t .  No. 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  
F r e q . M H z " 7 8  72 67 65 70 71 73 68 70 73 74 75 62 

fig 5 lncidental FM measurement; center fre- 
quency: 392 MHz; dispersion: I kHz/cm. 

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 
67 70 71 63 56 64 59 64 61 59 52 60 62 52 55 

104 105 106 107 
62 65 70 61 

* Frequency 392.4578, for convenience only last two digits are listed. 

By analogy, given a sufficiently fast 
sweep and sufficiently long observation 
time, a spectrum analyzer will indicate the 
peak to peak deviation. Fig 5 and the data 
pesented in Table I1 were obtained by 
sweeping the spectrum analyzer and read- 
ing the counter in two-second intervals 
for a total observation time of about four 
minutes. 

From fig 5 the peak to peak incidental 
frequency modulation is about 4.7 kHz. 
From this and the center frequency we can 
calculate a frequency stability of about 12 
P/M. 

The  counter indicates a maximum de- 
viation of 4.4 kHz or 11.2 P/M. The 300 
Hz difference is probably the error intro- 
duced by the spectrum analyzer, which is 
specified to be less than 400 Hz under the 
above conditions. The counter is, of course, 
the more accurate instrument. However, 
the spectrum analyzer has the advantage 
in that the signal level required is on the 
order of microvolts, whereas the counter 
requires many millivolts. 

Amplitude Modulation 

Some osciIIator specifications require 
not only low incidental FM, but a high 
degree of spectral purity as well. Spectral 
purity cannot be conveniently measured 
with a counter but is very easy to deter- 
mine with a spectrum analyzer. A case in 

point is undesired amplitude modulation. 
Fig 6 clearly sho~vs the 1 k H z  amplitude 
modulation. A counter would not indicate 
this. 

Symmetrical FM 

When an oscillator is swept symmetri- 
cally (plus and minus) with respect to a 
center frequency a long-term time average 
will not show any frequency change. Thus, 
unless the si\-ecp interval is substantially 
greater than the counting interval, a fre- 
quency counter will show a stable signal 
which, in fact, may be frequency modulat- 
ing. The following illustrates this. 

An oscillator sweeping at  a 60 Hz rate 
was checked with a counter and spectrum 
analyzer. The results are recorded in Table 
I11 and in fig 7. 

fig 6 Amplitude modulation measurement; cen- 
ter frequency: 400 MHz; dispersion: I kHz/cm. 

fig 7 Symmetrical FM measurement; center 
frequency: 405 MHz; dispersion: I MHz/cm. 

Table Ill 
Frequency Change as  Indicated by Counter 

Int.* 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  
Freq. MHz"" 274 293 272 331 275 343 288 350 295 312 304 293 

* Count interval I s spaced 3 s apart. 

**MHz 408.274, used only lasf fhree digits for convenience. 



The  spectrum analyzer shows a peak to 
peak frequency excursion in ewess of 2 
MHz. \\hereas the counter shows a maxi- 
mum frequency change of only 102 kHz. 

Fine Grain Analysis by Checking 
the Reference Signal 

Many stable micro~.ave signals are de- 
rived from lower frequency sources by 
frequency multiplication, phase locking or 
other means. Fine grain analysis of the 
reference signal will very often yield valu- 
able information concerning the microwave 
output lvithout the necessity of utilizing 
costly or c o In p 1 i c a t e d microwave test 
equipment. 

Fig 8 shows the results of such an 
analysis. T h e  signal is the 1 MHz ref- 
erence source used for phase locking the 
local oscillator of a microwave spectrum 
analyzer. I t  is observed that the refer- 
ence signal has good spectral purity (no 
observable extraneous outputs in the vicin- 
ity of the carrier) hence the reference 

Fig 4 is the result of such a measure- dred Hz. Since the incidental FM charac- 
0 

mellt, Here t r ~ o  phase-locked 2 GIlz oscil- teristics of the txvo oscillators are random 

lators \\.hose frequencies differ by 0.5 MHz ""d not coherellt, several ~ 1 1 " t o g r a ~ ~ ~  

,\.ere heterodyned in a mixer alld the result w x d d  have to be taken to be assured that 
the maximum deviation is observed. In  

displayed on a spectrum analyzer tuned to 
addition, slouw sweep time measurements 

0.5 MHz. Spectrum analyzer dispersion is xvould have to be perforllled in order to 
500 Hz/cm. It \vill 11e observed that the make certaill disnlav broadening 

' ,  - 
combined incidental FM of both 2 GHz is, in fact, due to FM and not something 
oscillators is on the order of several hun- else. 

LOW FREQUENCY 
REF AT FI 

UNKNOWN 

ATTEN 
BALANCED 

MlXER REJECT 
FILTER 

ATTEN 
F2 BALANCED < SPECTRUM 

N O  ANALYZER AT f l  

oscillator could be eliminated as a cause 
should there be difficulty in phase locking. 

f ig 9 Block diagram of spectral purity measurement. 

- 
INPUT T O  MIXER 1 F 

f ig 8 Fine grain analysis of reference signal; 
dispersion: 50 Hz/cm; resolution: 10 Hz. 

OUTPUT OF MlXER 1 F 

Fine Grain Analysis by Down Conversion 

Sometimes it is not possible to check the 
stability of a signal's reference source, or 
such a measurement does not yield suf- 
ficient information, or the signal is not 
derived from a lo~ver frequency source. 
Under these conditions it is still possible 
to use a low frequency spectrum analyzer 
for fine grain analysis by down converting 
the unknown signal. This can be accom- 
plished by heterodyning the signal to be 
nleasured with a second, known to be 
stable signal, or a second source having the 
same general characteristics as the signal 
to be measured. 

INPUT T O  MIXER 2 F 

OUTPUT OF MlXER 2 F 

f ig  10 Frequency relationships for the system of f ig  9. 



Spectrum Purity Measurements 
in Presence of FM 

Sometimes it is desirable to observe 
multiple outputs or amplitude modulation 
in the presence of FM. This can be ac- 
complished by utilizing the system shown 
i n  the block diagram of fig 9. This sys- 
t em is best understood with reference to 
the  frequency diagram of fig 10. 

I n  order to illustrate this technique we 
have assumed that the signal to be ana- 
lyzed has a small spurious sideband at a 
frequency Af above the main signal at f2. 
T h i s  signal is heterodyned with a stable 
(e.g., crystal oscillator) low frequency sig- 
nal  a t  a frequency f l .  Neglecting harmonic 
conversions, the output of the mixer con- 
sists of signals at the sum and difference 
frequencies of the t~vo inputs and the two 
inputs themselves reduced by mixer loss 
a n d  the degree of mixer balance. The 
mixer output at f l  is now eliminated by 
means of a band reject filter ( a  high-pass 
filter rejecting fl can also be used). This 
signal, reduced in amplitude by an atten- 
uator, is now applied to a second mixer 
where it is heterodyned against the original 
signal at f2. Here again, the output signal 
consists of the sum and difference of the 
input frequencies and reduced versions of 
the two inputs. The output of the second 
mixer, among other things, contains a 
component at the frequency f l ,  havine two - . .  - 
sidebands at a frequency separation of Af. 

One important assumption in this ana- 
lysis is that when the unknown signal is 
used as the local oscillator (larger of the 
two signals) for mixer 2, the sideband at  
f2 + Af does not enter into the mixing 
action. This assumption presupposes that 
the sideband at f2 + Af is at least 20 dB 
below the carrier at f2. Thus, the side- 
band power level is insufficient to act as 
a n  efficient local oscillator and all conver- 
sions with f2 + Af will be negligibly small. 
I n  order not to violate this assumption, the 
input levels to mixer 2 should be kept as 

A similar analysis for a double sideband 
signal ~vill show that no additional side- 
bands are created, but the sideband level 
is increased by a factor of two relative 
to the carrier. 

Thus, the technique will indicate the 
presence of sidebands, their spacing with 
respect to the carrier, and the maximum 
level of the sidebands relative to the car- 
rier. This technique cannot be used to 
determine Tvhether a single or double side- 
band signal is involved or to determine 
the true level of the sidebands relative 
to the carrier. Utilization of a more com- 
plex system using imageless mixers would 
eliminate these restrictions. Fig 11, 12 
and 13 illustrate this technique. 

Fig 11 was obtained with f l  = 1 MHz, 
f2 = 400 MHz and the spectrum analyzer 
set for a center frequency of 1 MHz, a 
dispersion of 50Hz/cm and a resolution 
of 10 Hz. The 60 Hz amplitude modula- 
tion of the signal is clearly observed. 

Fig 12 shotvs the spectrum of a 2 GHz 
signal. The spectrum analyzer is set for 
a dispersion of 500 kHz/cm. I t  is ob- 
served that the spectral width of the sig- 
nal is close to 2 MHz. We are unable to 
determine if any AM is involved. 

f ig I I Fine grain analysis of microwave signal. 

The photos for this article were taken with 
the following Tektronix equipment types: 115 
and 1120 Spectrum Analyzer Plug-ins in a 549 
Storage Oscrlloscope and a C-12 Camera 
with projected graticule; 491 Spectrum An- 
alyzer with C-30 Camera. 

fig 13 AM in the presence of FM with the FM 
cancelled out. 

Fig 13 shows the AM characteristics 
of this 2 GHz signal obtained by using 
the setup shown in fig 9, with f l  set 
at 1 MHz. This dispersion is 500 Hz/cm, 
indicating the presence of amplitude mod- 
ulation at  1300 Hz. 

CONCLUSION 

As these experiments indicate, there is 
a considerable overlap in measurement 
capabilities between the basic "time do- 
main" versus "frequency domain" meth- 
ods. 

The ultimate decision as to which in- 
strument to use in a specific measure- 
ment application must be made with re- 
spect to such things as; required accu- 
racy, required form of data (i.e., quanti- 
tative or qualitative), convenience and 
availability of equipment. 

Quite often, however, trade-offs might 
low as possible. be made; e.g., if a counter were not 

One point that was neglected is inci- 
dental modulation of f2. With reference 
to fig 9, it is obvious that the output 
of mixer 2 at frequency f l  is a function 
of the instantaneous frequency difference 
of the two inputs. Assuming negligible 
time delay in the first mixer, the filter, 
and the attenuator, frequency modulating 
of f2 will have no effect on the final 
output. 

I t  will be noted that we have trans- 
lated the signal to be measured from 
f2 to a lower frequency f l .  I t  should 

available, a measurement to a very high 
degree of accuracy or stability might be 
made with a spectrum analyzer a t  the 
expense of convenience, the data being 
limited only by the accuracy or stability 
of the reference frequency and the ingenu- 
ity of the user. 
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Interpreting iconductor 

The following information will be of 
use when trying to identify a semicon- 
ductor supplied by Tektronix with, or 
for,  a Tektronix instrument. 

Color codes should be read starting with 
the  dot or band nearest one terminal or 
lead. By strong convention, that terminal 
o r  lead goes to the "N" material (cathode) 
if the component is a diode. Any single 
dot, band, or unique symbol that appears 
o n  a diode is supposed to be adjacent to 
the "N" material terminal. If the device 
is  a transistor, any one special mark is 
supposed to be adjacent to the collector. 

EIA STANDARD 
COLOR CODE 

Black - 0 
Brown - 1 
Red - 2 
Orange - 3 
Yellow - 4 
Green - 5 
Blue - 6 
Violet - 7 
Grey - 8 
White - 9 

1. lNxxxx or 2Nxxxx printed on the com- 
ponent indicates the JEDEC-registered 
type number. 

2. Nine-digit numbers starting with 151, 
152, or 153 are the Tektronix part 
numbers. Tektronix components whose 
nine d i g i ~  part number begin with 151 
are transistors. Components whose part 
number begin with 152 are diodes. Tek- 
tronix part numbers beginning with 153 
are selected components and will consist 
of both diodes and transistors. 

3. Seven-digit numbers starting with 151, 
152, or 153 will be a number code for 
a Tektronix part number. The digits 
will stand for the first seven digits in 
the part number with the last &digits 
in the part number understood to be 
zeros. 

4. Six-digit numbers starting with 151, 
152, or 153 will be a number code for 
a Tektronix part number. The last 
three digits in the number code will 
correspond to the fifth, sixth, and sev- 
enth digits of the Tektronix part num- 
ber. The fourth, eighth, and ninth digits 
in the part number will be zeros. 

5. Four-digit numbers will probably be 
a number code for a Tektronix part 
number. The four digits in a four-digit 
number code correspond to the fourth, 
fifth, sixth, and seventh digits in the 
Tektronix part number, ~vi th the last 
two digits in the part number both zeros. 
The first three digits will be 152 if a 
diode, and 151 (or possibly 153) if it 
has more than two connections. 

6. Three-digit numbers that are alone will 
usually be a number code for a Tek- 
tronix part number. If not alone they 
will be a date code, or the manufac- 
turer's type number. The three digits 
in our three-digit number code corres- 
pond to the fifth, sixth, and seventh 
digits in the Tektronix part number, 
with the fourth and last two digits in 
the part number understood to be zeros. 
The first three digits will be 152 if a di- 
ode, and 151 (or possibly 153) if the 
component has more than two ter- 
minals. The three digits in a date code 
stand for the year and the week when 
manufactured. The number 752 would 
stand for the 52nd week of 1967. 

in the future JEDEC numbers will 
reach 6000, and at that time the first 
of four color bands ~vill be blue. At 
that time, Tektronix will be using a pink 
band exclusively on new components 
to indicate that the code is for a Tek- 
tronix part number. 

8. Three-band color codes will stand for 
a JEDEC-registered type number or 
the manufacturer's type number. If the 
bands start with pink, blue, or black, 
it will not be a JEDEC type number. 
Some small three-band color codes may 
look like four-band color codes if you 
don't use a magnifying glass, because a 
trademark or initial may also be printed 
in color on the component, and appear 
to be a band. For instance, Transitron 
T12G diodes are presently coded black, 
brown, red, and have a yellow T next to 
the red band that sometimes appears to 
be a yellow band. 

9. Dot color codes consisting of one, two, 
or three dots are manufacturer's type 
number codes, and normally cannot be 
interpreted without knowing who the 
manufacturer is. Tektronix-made diodes 
are also dot coded. Color dots on ex- 

7. Four-band color codes will stand for tremely small semiconductors may ap- 
a Tektronix Part number, or a JEDEC- pear on a terminal or lead as well as 
registered type number. If the first of 
four bands is pink or blue, the code is 

the body. 

for a ~ e k t r o n i x  part number; if not 10. Trademarks, initials, or the manu- 
pink or blue, the code is for a JEDEC- facturer's name sometimes appear on 
registered type number. At some time a semiconductor. 

-- - -- = 

MANUFACTURER CODE 
I 

AMP - Amperex PHI - Philco 
CDV - continental Devices 
ELM - Elmar Electronics 
ERI - Electron Research, Inc. 
FS - Fairchild Semiconductor 
GE - General Electric 
GI - General lnstrument 
HOF - Hoffman 
HUG - Hughes Semiconductor 
IDC - lnternational Diode Corp. 
IRC - lnternational Rectifier 
ITT - lnternational Telephone 

and Telegraph 
MIC - Microwave Associates 
MOT - Motorola 
OHM - Ohmite 

PSI - Pacific Semiconductor 
RAY - Raytheon 
RCA - Radio Corp. of America 
SEM - Semcor 
SPR - Sprague 
SYL - Sylvania 
TEK - Tektronix 
TI - Texas lnstrument 
TRA - Transitron 
TRW - Thompson Ramo 

Woolridge 
TUN - Tung-Sol 
UTR - Unitrode 
VAR - Varo 
WES - Westinghouse 



Solderin 

Soldering Tektronix Circuit Boards 
Stan Chojecki 
Vern McAdams Component Evaluation Engineers 

Soldering Leadless Capacitors 

INTRODUCTION 

Soldering is an alloying process be- 
tween two metals. In its molten state, 
solder dissolves some of the metal with 
which it comes in contact. The metals 
to  be soldered are, more often than not, 
covered with a thin film of oxide that 
the solder cannot dissolve. A flux must 
be used to remove this oxide film from 
the area to be soldered. The solder used 
in most electronic lvork contains this flux 
as a center core which has a lower melt- 
ing point than solder itself. When the 
molten flux cleans the metal it accom- 
plishes two things: 

1. It  allows the solder to wet the metal. 

2. It  holds the oxides suspended in the 
solution. 

The molten solder can then make con- 
tact with the cleaned metal and the sol- 
vent action of solder on metal can take 
place. 

The soldering process then is the fol- 
lowing: 

1. The cored flux melts first and re- 
moves the oxide film on the metal 
to be soldered. 

2. The solder melts, floating the light- 
er flux and the impurities suspend- 
ed in it to the surface. 

3. The solder partially dissolves some 
of the metal in the connection. 

4. The solder cools and fuses with the 
metal. 

METAL PREPARATION 

To do a proper soldering job the fol- 
lo\ving must be done: 

I .  The connection itself must become 
hot enough for the rosin to melt and 
clean the metal. The cored solder 
must be applied directly to the heated 
connection so that the flux, which 
melts at a louer temperature than 
the solder, rvill melt first and clean 
the connection by the time the sol- 
der has melted. (If the solder is 
applied to the soldering-iron tip, the 
flux, being lighter, will float on top 
of the solder. It  \vill be unable to 
reach the connection and clean it.) 

2. A good easy flow of heat from the 
soldering-iron tip to the connection 
must be obtained by a clean, well- 
tinned soldering-iron tip. A thin film 
of molten solder will transfer heat 
rapidly. 

In soldering techniques for circuit 
boards, the basic principles for soldering 
prevail. We are now interested in the 
difference in the soldering of circuit boards 
and normal soldering. 

CIRCUIT BOARD CONSIDERATIONS 

The first consideration of soldering to 
circuit boards is the temperature limita- 
tion of the substrate. The Tektronix cir- 
cuit boards have a substrate of fiber-glass 
epoxy, which has a temperature limita- 
tion of 530" F for not more than 5 min- 
utes. Hotter temperatures reduce the time 
in inverse relationship; the hotter the tem- 

perature, the less time the boards will 
stand it before damage. 

A second consideration is the soldering- 
iron-tip temperature, ~vhich is determined 
by the type of soldering iron and solder- 
ing-iron tip used. The wattage of the 
soldering iron and the configuration of 
the soldering-iron tip combined with the 
speed of soldering ~vill determine the 
ultimate tip temperature as well as the 
~vorking-tip temperature. Since we are 
here primarily concerned with the work- 
ing-tip temperature, the soldering iron and 
tip should be chosen so that the working- 
tip temperature \ \dl  a t  no time exceed the 
limitations of heat set forth above. 

A third consideration in soldering of 
circuit boards is the type of solder used. 
The best type for use on the Tektronix 
circuit boards is a "eutectic"-type cored- 
wire solder of size #20 AWG, composed 
of 63% tin and 37% lead (as designated 
Fed Spec QQ-571c as Sn63) with a central 
core of activated rosin flux (Divco X-25 
or equivalent). 

A fourth consideration is the technique 
of repair-repair in this case consisting 
of replacement of components. The cor- 
rect sequence in the replacement of a 
component is as follows: 

1. Clip the leads of the soldered compo- 
nent. 

2. Remove the component from the cir- 
cuit board. 

3. Remove the clipped leads individual- 
ly from the circuit board. 



THERMAL RESISTANCE OF 
MOUNTING. 

Can be reduced by employing 
various techniques such as: 

(1)  Honing to improve metal in- 
terface contact; 

( 2 )  Silicone g r e a s e  or similar 
c o 111 p o u n d  with high heat 
conductivity to fill in sur- 
face irregularities and im- 
prove surface c o n  t a c t be- 
tween transistor and mount- 
ing surface. 

THERMAL RESISTANCE OF 
"HEAT SINK" OR MOUNTING 
BASE. 

Value is deternlined by factors 
like surface area, color, volume 
of air passing over it, etc. Us- 
ually this factor is designed-in 
after the other elements have 
been optimized. 

POWER DISSIPATION 

Limited by ambient and maxi- 
mum allo\vable junction tempera- 
ture. 

JUNCTION POWER 
DISSIPATION = CURRENT 

OPPOSITION TO HEAT 
TRANSFER = RESISTANCE 

AMBIENT 
TEMPERATURE = VOLTAGE 

JUNCTION 
TEMPERATURE = VOLTAGE 

Silicone Grease for Tektronix Instruments 

Of the many readily available silicone 
dielectric compounds, we suggest Dow 
Corning Type 4 or Type 5 Silicone Com- 
pound of heat sink use in current Tek- 
tronix instruments. 

Some other types of silicone greases may 
be used that contain metallic oxides which 
increase the thermal conductivity. These 
are more expensive than ordinary silicone 
greases like Type 4 and Type 5, which we 
know will meet the thermal conductivity 
and temperature range requirements for 
our instruments. 

A practical general rule for maintenance 
operations is to use silicone grease when- 
ever replacing any heat-sink-mo~~nted tran- 
sistor. 

When replacing such transistors, apply 
a thin film of silicone grease b e t n e n  the 
transistor case and the heat sink. 

If a mica or other type electrically-insu- 
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lating ~vasher is used between the transistor 
and the heat sink, apply a thin film of 
grease to both sides of the insulating 
washer as well. 

In  some cases (such as the 547 VA out- 
put transistors), the transistor is electri- 
cally insulated from the chassis by a white 
beryllium oxide disk. If, for any reason, 
you remove the heat sink disk, you should 
also apply silicone grease ~vhere the disk 
contacts the chassis. 

Try to avoid getting silicone grease on 
leads that have to be soldered. Soiled 
leads Iviped clean with a cloth should 
respond \\ell to standard soldering tech- 
niques. 

Do\v Corning Type 4 Silicone Com- 
pound is available in 2 oz and 8 oz tubes 
through electrical and electronic supply 
houses. 

WISilicon 
Lubricant 

None 

Teflon 

Mica 1 L 0.8 
1 

Anodized 
Aluminum 



REED SWITCH INSTALLATION 
T h e  following considerations will be of 

interest to those ~ v h o  are concerned ~c-ith 
the  soldering of reed s~vitches. 

1. Stress: The less stress applied to the 
glass-to-metal seal, the more chance 
the reed has of performing its function. 
Bending a lead ~vithout supporting the 
lead inside the bend with a rigid sup- 
port ~vill cause changes in its operating 
parameters. The reed should be sup- 
ported by the coil and never by its 
leads. The ideal situation is one where 
the coil supports and retains the reed, 
and nickel rihhon is soldered on the 
leads for circuit connections. 

2. Contact Gap: Gap placement is not 
al\c-ays in the center of the glass enve- 
lope. It  is, therefore, important when 
installing a reed in its coil to be sure 
the contact gap is centered in its coil, 
regardless of where inside its glass en- 
velope it may be. 

USED INSTRUMENTS F O R  SALE 

1-Type 545.4; 1-Type 535A; 2-Type 
502; 2-Type 560/60/67. Contact: Henry 
Posner, Pacific Combustion Engineering 
Co., 5272 East Valley Boulevard, Los 
Angeles, California 90032. Telephone: 
225-6191. 

1-Type B, SN 17266; 1-Type D, SN 
15737. Possibly interested in a trade for 
a used CA, lA2 or 1A6. Contact: Ash- 
ton Brown, 246 Cambridge, Kensington, 
California 94708. Telephone: (415) 524- 
3005. 

3-Type D High-Gain D C  Differential 
Units, SN 017118, 017120 and 017121. 
All instruments are in like-new condition. 
$115 each. Contact: Electronicraft, P. 0. 
Box 13, Binghamton, New York 13902. 
Telephone: (607) 724-8785. 

1-RM647/10A2/11B2-10 months old. 
Price $2100. Contact: John Robb, Light- 
ning & Transient Research, 2531 West 
Summer Avenue, St. Paul, Minnesota 
55113. Telephone: (612) 631-1221. 

1-515.4, SN 3899. Price $350. Contact: 
Mr. Sieger, General Resistance Company, 

3. Lead Length: Length is important in 
that a reed is purchased to a given am- 
pere-turn pull-in rating which is checked 
with full-length leads. Cutting these 
leads short will increase the ampere- 
turn pull-in requirements for .the reed. 
Leads cut to %-inch from the glass seal 
increase the ampere-turn requirements 
by 20%. Under normal conditions no 
lead should ever be shorter than %- 
inch. 

4. Cutting: Cutting of leads will also, 
under some conditions, cause operating 
changes, due to the shock being trans- 
mitted up the lead. All cutting of leads 
should be done with good support of 
the lead inside the point of cutting. 
Good support \c-ill help keep the stress 
to a minimum and absorb the shock 
of cutting action. 

Poor installation practice will not always 
show up in calibration but is certain to 
cause problems eventually. 

430 Southern Boulevard, Bronx, New York 
14055. Telephone: (212) 292-1500. 

1-Type 524D, SN 1328. Price $500. 
Good operating condition. Contact: En- 
rique Valdes Pages, WKAQ-TV, P. 0. 
Box 5096, San Juan, Puerto Rico 00905. 

1-Type RM504, SN 1589, like new. Price 
$400. Contact: Walker Medical Electron- 
ics, 8621 East 55th Street, Kansas City, 
Missouri 64127. Telephone: (816) 353- 
2038. 

1-Type 547, SN 1342; 1-Type 1Al dual- 
trace plug-in, SN 2043. Electrical and 
physical condition excellent. C o n t a c t :  
H. R. Greenlee, 430 Island Beach Boule- 
vard, Merritt Island, Florida 32952. Tele- 
phone: (305) 853-9542 (during working 
hours). 

1-Type 512, SN 2113, in excellent con- 
dition with Tektronix modifications. X I 0  
probe and manual included. Price $180 
FOB. Scope cart included with pick-up 
purchase. Contact: Robert A. Dessert, 
6703 Greendale Road, Alexandria, Virginia 
22310. Telephone: (703) 971-2941. 

TOUCH-UP PAINT CANS CLOG 
You can probably prevent pressurized 

cans of touch-up paint (252-0092-00) 
from clogging by observing a simple prac- 
tice: As soon as a paint job is done, turn 
the can completely upside down, and 
spray into a rag for a few seconds to clear 
the nozzle and take-up tube. 

PLASTIC TRANSISTOR LEADS CHANGE 
Plastic transistors made by Texas In- 

struments are nolv being supplied with the 
leads emerging at the points of a tri- 
angle instead of in a straight line. That 
means the flat side of the new ones \till 
face a different direction from before, 
so the flat side should not be used alone 
as a guide for how a replacement tran- 
sistor should be oriented. 

E C B  C B  E  

OLD 

USED INSTRUMENTS W A N T E D  

I-of the follo~ving type scopes: 533A, 
5 3 5 4  524D or 531A. 1-Type CA plug- 
in; 1-Type 1-1, L or B plug-in. Contact: 
H. R. Greenlee, 430 Island Beach Boule- 
vard, Merritt Island, Florida 32952. Tele- 
phone: (305) 853-9542 (during working 
hours). 

1-Type 503. Contact: Mr. B. Smalley, 
Intercontinental Dynamics Corporation, 
8940 South Bell, Chicago, Illinois 60620. 
Telephone: (312) 238-8577. 

1-Type 422. Consultant \?ants for per- 
sonal use. Contact: Ross Hupp, 4961 
La Gama Way, Santa Barbara, California 
93105. Telephone: (805) 967-9331. 

REFERENCE CHART 

The reference chart shown on page 15 
is useful for identifying the pin numbers 
of socket-mounted transistor and inte- 
grated circuits. By cutting along the 
dotted lines, the chart can be detached 
for use on your bench. 
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Silicone Grease for Transistor Heat- 

Some confusion apparently exists over 
the  need for silicone grease in mounting 
heat-sinked transistors and if so, where 
do  you put it. 

T h e  maximum polver ~vhich may be dis- 
sipated in a transistor is limited by its 
junction temperature, T,. An important 
factor in determining junction tempera- 
ture  is the ability to conduct heat away 
f rom it. There are several "thermal re- 
sistances" to be considered in series with 
heat transfer from junction to ambient 
air. An electrical analogy of these sepa- 
rate "resistances" is shoun in fig l .  One 
of these, Qcs, is the thermal resistance 
f rom case to heat sink and is influenced 
by the method of mounting. If a mica 
insulating washer is used dry, the junc- 
t ion temperature rise per watt of power 

dissipated is about 1.O0C due to QcS alone. 
This is mainly due to irregularities in the 
surfaces resulting in dead air spaces \ihich 
do not readily transfer heat. See fig 2. 

Polishing the surfaces to reduce the 
amount of dead air space ~vould help, but 
is expensive. A more economical meth- 
od is to fill the spaces \z.ith a substance 

transistor 

1 washer 
I 

How A Magnified Cross-Section View 
Of The Surfaces Might Look 

superior to air in thermal conductivity. 
Nearly anything is better than dead air, 
but silicone grease has the advantage of 
being a good electrical insulator while 
readily conducting heat. The use of or- 
dinary silicone grease can reduce the above 
mentioned l.O°C rise per watt of power 
to about half, and some of the nelv types 
of greases bearing metallic oxides claim 
reductions to the area of O.I°C/W. As 
an example, this lvould mean a difference 
of 22.5"C in the junction temperature of 
a power transistor dissipating 25 watts. 

OJc = THERMAL RESISTANCE OF 
JUNCTION TO CASE BOND. 

Controlled by m a n u f a c t u r i n g  
process only. 

Internal Junction Temperature 

Mica or 
Anod i zed 
A1 uminum 
lnsulatina , 9 Tr. 
Washer \Y= 

Temperature of Mounting Base ( 
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Carelessness in reheating the solder con- 
nections for the removal and replacement 
of components is the only difficulty to 
b e  guarded against here. Caution must 
b e  taken not to ove~heat the substrate 
a n d  this can best be accomplished \vith 
def t  hands and by small applications of 
heat. If the removal or replacement is 
n o t  accomplished in the first few seconds 
of heat application, avoid transferring too 
much heat to the substrate by going to 
another connection or waiting a few min- 
utes  before reheating the connection. Giv- 
ing  the connection these few minutes to 
cool \ d l  allow the heat to dissipate and 
help to avoid overheating the substrate. 
Heat  dissipates quite slo\\ly from some 

of the smaller connections and too long 
an application of the soldering iron will 
result in the overheating of the substrate. 

TIP CONSIDERATIONS 
Some things to be considered in order 

to obtain a low \corking-tip temperature 
are: 

1 .  At slolv soldering speeds, a 25-watt 
iron and a 1/8 inch tip. 

2. At medium soldering speeds, a 40- 
Jvatt iron and a 3/16 inch tip. 

3. At fast soldering speeds, a 50- or 60- 
watt iron and a 1/4 inch tip. 

A recommendation for soldering tips 

is that they be made of copper and have 
a chisel or bevel shape. 

There are t\vo areas on a circuit board 
which might require different soldering 
techniques. One is the large copper area 
used as a common connection in contrast 
to the smaller spot connections. The 
larger areas will absorb heat much more 
rapidly than the smaller spot connection. 
This may necessitate a hotter iron and 
a larger tip for these areas than the 
snlaller spot connections. 

With these cautions and recommenda- 
tions in mind you should encounter no 
tro~ible when soldering Tektronix circuit 
boards. 

Special techniques are required to suc- 
cesfully solder leadless capacitors to cir- 

4 cuit boalds. The following steps nil1 mini- 
mize the p~ol~ lems  that may be encoun- 
tered \\hen soldering leadless capacitors 
to circuit boards. 

1. Tin the capacitor if it is not already 
tinned. This can best be accomplished 
by using a small soldering iron with low 
heat, and holding the capacitor down 
by weighting the edge of it with a silver 
coin. 

1 2. Tin the area of the circuit board where 
the capacitor is to be attached. This 
is usually a relatively large ground- 
plane area. 

1 3. Place the capacitor on the board in the 
desired location. 

i 

Soldering Leadless Capacitors 

4. Apply heat to the board adjacent to, 
but not touching, the capacitor. This 
will require more heat than the tinning 
operation above. Do not attempt to 
effect a bond by applying heat on top 
of the capacitor as this will permanently 
damage the device. 

5. Press down lightly on the top of the 
capacitor using a toothpick, or other 
small wooden stick, until it settles down 
onto the board-indicating that the 
solder has melted underneath. Remove 
the heat and allow to cool. 

When soldering leads to the tops of lead- 
less capacitors: 

1. Solder the capacitor to the circuit board 
using the method above. 

2. Bend wires or component leads over the 
top of the capacitor (~vithin approxi- 
mately one lead diameter) after the 
other end of the component has been 
secured in place. 

3. Using a small iron, heat the component 
lead and apply solder until the solder 
wicks down onto the top of the cap. 

4. Remove the soldering iron, and allow 
the lead to seek its own equilibrium. 
This ivill minimize the external stresses 
on the capacitor. 

Remember, practice makes perfect! 





Fig 1 Determining writing speed from a backlighted photograph. 
Note the use of a mask to cover the peaks of the waveshape. 

Developing a Writing Speed Specification 

COVER 

The Type 61 1 Storage Display Unit is feotured on this issue 
of SERVICE SCOPE. The familiar Tektronix trademark display 
was programmed from a disk memory unit and the table of 
contents entered from the accompanying keyboard. The Type 
611's unique storage CRT eliminates the need for display- 
refreshing memories and provides excellent display resolution 
without flicker. For information on resolution of Tektronix 
Direct-View Bistable-Storage CRT's, see the story on poge 8. 

For some years now ~ar ious  groups at Tektronis 
11al.e been striving to specify writing speed for new 
Tebtronis instruments. The problem is difficult bc- 
cause of the number of ~ariables entering into it. Table 
1 illustrates the factors that can enter into specifying 
writing speed. If such a parameter is specified, then 
each factor must be carefully examined to determine 
its contribution. The subjective nature of some of these 
factors, plus the lack of control over others, (for es- 
ample film history), all contribute to the problem. 

Various approaches were taken in an attempt to 
control this parameter more completely and consistent- 
ly. Photomultiplier and microdensitometer techniques, 
while appropriate for lab correlation, were not con- 

sidered appropriate for customer use. An important 
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consideration was that the customer be able to dupli- 
cate the test conclitions a t  a reasonable cost. TVithout 
this require~nent, m~1c11 of the value of specifying Lvrit- 
ing speed would be lost, for many customers could not 
measure it. 

The  efiort was then directed toward refining the 
techniques and controlling the factors that  enter into 
the conventional determination of ~vriting speed. T o  
reduce the effect of variations in film sensitivity from 
roll to roll ancl frame to frame, five Polaroid;<- backs 
were used. Each contained Polaroid Type -1.10 film, 
ancl one esposure was made using each back. T h e  re- 
sults of t hc  five pictures were then a\waged and this 
\ d u e  recorcled. 

T h e  photographs arc \iewcd \vhile backlighted ancl 
nlaslied as shown in fig 1 .  The  use of I~acklighting 
( transil l~~mination) tends to stanclardize the reading 
of recorded wave shapes. \\:llcn determining writing 
speecl, it is important that the photograph be well il- 
luminated as the contrast sensitivity of the eye is a 
function of brightness. 13acklighting is the preferred 
method of obtaining adequate illumination (approsi- 
mately 1 foot-lambert'i \vithout the 11arsh glare that 
may accompany reflected light. This technique does 
not apply to Polaroid paclt films as the plastic base is 
too opaque. Although the surface is glossy and harsh 
to the eye, adequate reflected light will achieve the 
same results as backlighting. 

Using a mask to c o \ w  the peaks of the clamped 
sinc wave is important when malting the n~easurernent. 
T h e  xwtical velocity of a sinc .iva17e is zero a t  the peaks 

"Re~ is te red  Trade-Mark,  Polaroid Corporat ion 

Fig 2 Shown obove is the Tektronix Type 454 150-MHz Oscillo- 
scope with the Type C-31 high writing speed comero system. The 
cornbinofion hos a specified writing speed of 3200 div//rs with 
PI 1 phosphor. 

and maximum at the midpoint, so there is a co~xicler- 
able range of I~rightness on the photo. \\'ithout a mask 
there will Isc the illusion of seeing the complete trace. 
as the \.ie\ver \vill tcrlcl to connect the area bctrveen 
tllc bright peaks. 13ccausc oi  this he \\ill tend to i.eacl 
a writing speed that is l ~ i g l ~ c r  than the correct one. 
A line chosen as discesniblc \vithout a ~nask may \.cry 
\veil not be cliscernible 1v11en the peaks a1.e co\wecl with 
a mask. 

'I'o acquire cnorlgh information from \vhich to coni- 
pile a specification, a group of 74 instsuinents (Tek- 

O s c i l l o s c o p e  C o n t r o l s  
a n d  C i r c u i t r y  

Focus misadjustment 
Astigmatism misadjustment 
Intensity setting 
Unblanking pulse height and shape 
Heater regulation 
Calibration 
Accelerating potential 

CRT G u n  

Mutual  conductance (Beam current 
vs. Gr id drive) 

Spat size 
Edge defocus 
Plate intercept 

FACTORS INFLUENCING WRITING SPEED 

CRT Screen  

Phosphor efficiency 
Un~formity of phosphor efficiency 

across the screen 
Spectral distribution 
Persistence 
Phosphor graininess 
"Sticking" of phosphor 

C a m e r a  a n d  Lens 

Graticule transmission 
Dichroic mirror transmission 
Effective aperture 
Lens transmission (spectral response 

and transmission efficiency) 
Lens shading (vignetting) 
Magnification (object-image ratio) 

F i lm 

Sensitivity (including change with 
age and  environment) 

Spectral response 
Processing 
Uniformity 
Reciprocity 

I n t e r p r e t a t i o n  o f  P h o t o g r a p h s  

Film fog level 
Trace contrast 
Trace width 
Viewing conditions 
Human judgment 

Table I Majo r  factors that affect writ ing speed. 

3 



tronix Type 154, 150-MHz Oscilloscopes) were used as 
a sanlple. The  instruments Lcere con~posed of 6 different 
groups taken over a 6 month period, and selected from 
manufacturing on a random basis. 

The  74 instruments \?ere read by the \mious readers 
subject to the following controls: 

1. Intensity-adjusted to point of visual estinction 
with the oscilloscope in the single sxveep mode. 

2. Focus ancl Astigmatism---aclj~~sted to produce a 
sharp trace on both llorizontal and \wtical ases 
during low repetition rate displays of a clanlpecl 
sine wave. 

3. Phosphor dormant-5 minutes allo\vecl between 
each exposure to allow clecay to a consistent low 
level. 

-1. Camera Systen--Tcktronis 'Type '2-40 (f/1.3 lens 
with 1 : 0.5 object to imaqc). 

5. Exposure-5 seconds. 

6. Film Type-Polaroid Type 410 (ASA 10,000). 

7. Film Ihdopment-10 seconds. 

8. liepeat Steps 3. -1. ancl 5 nit11 5 different rolls of 
film. 

9. Mask pliotograplls and \.icw backlighted. 

10. Record first central segment that is just discernible 
on each photo. 

11. Calculate \vriting speed from formula- 
ws = 3.14 fA. 

12. Average results and r e c o d  

'Two readers Iverc initially used: Reader 1 with no 
prc\ . io~~s csperience in determining  siting speed; Reacl- 
er 2 with considerable experience. The  chart below 
sllo\cs the data taken by Iieaclcr 1. Note the mean of 
1671 cli\~I~~.s. Keaclcr 2 consistently read higher and 
the mean valuc of readings was 1875 d i v l p .  Photos 
Lvcre then sanlplecl from each of the 6 groups ancl given 
to  3 additional readers with no pre\.ious experience. 
'This data whcn corsclatecl with the other, resulted in a 
group a\.erage of 1656 cli\./ps. This then ga\.e assurance 
that a specification based on Reader 1's data would be 
meaningful ancl repeatable. Note that only one of the 
7-1. instruments fell below the specification of 1250. 

I n  addition, studies were made with PI 1 phosphors. 
'I'liese studies confi~mecl that the TeLtronis P I1  phos- 
phor llacl 100% n ~ o r e  p l~otog~aphic  writing speed than 
the 'I'el,t~onis P3 1 Phosphor. 

I n  a discussion of writing speed it is in~portant  to 
discuss briefly ASA csposure ratings as they are the ac- 
cepted method of specifying negative speed in this 
country. ASA esposure ratings are measured at 1150- 
second esposurc to light of normal daylight spectral 
cliaractcristics. Oscilloscope exposures are different in 
2 \.cry important aspects. First, most oscilloscope rc- 
corclings are a \.cry short exposure and so the normal 
relationship of exposure and density is subject to failure 
(reciprocity law fail~cre) . I n  addition, the spectral 

LEGEND 

Tektronix Type 454 with P31 phosphor ( for  writ 
ing speed with PI 1 multiply by 2 )  

Tektronix Type C-40 Camera (f/1.3 1 :0.5 lens1 

Polaroid Type 410 film l ASA 10.0001 Data taken 
by Average Reader (Reader 1)  

Specification: with P31 1250 div'/ps 
with P 1  1 2500 div'/pr 

Mean: 1671 div'/pr 

'div := .8 cm 

Fig 3 Writ ing speed distribufion of Tektronix Type 454/C-40 (74 instruments). 
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The P6045 XI FET Probe is shown here with the P6006 XI0 Probe. Note that the 1.5ns P6045 with its active components and pro- 
tective circuitry is smaller than the conventional passive probe. 

COVER 
Tektronix photographer 
Larry Jackson spotlights 
some of the FET's used in 
current Tektronix instru- 
ments. 

The field-effect transistor is appearing in Tektronix in- 
strument input stages with increasing frequency. Its 
high input impedance combined with the solid-state 
characteristics provide superior performance that has 
not previously been available. This article discusses some 
of the reasons for the widespread use of FET's in current 
Tektronix instruments. 
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Two years ago Tektronix introduced its first product 
using Field-Effect Transistors (FET's) . Although Tek- 
tronix engineers had been evaluating and testing FET's 
since 1962, this was the first design that had proven 
completely feasible. The protective circuits required 
for an input design had been developed and refined 
in addition to the normal FET circuit operating con- 
siderations. The product was the Type 282 Probe 
Adapter which was designed to allow the use of con- 
ventional probes with Tektronix 50-a Sampling Instru- 
ments. A junction field-effect transistor was the logical 
choice for this useage since high input impedance was 
required and the probe power available at the sampling 
unit was limited. In  addition, size was important as 
the 282 was designed to mount on the input connector. 

Since that time, FET's have appeared in 26 other prod- 
ucts at  Tektronix. Many of these were designed with 
FET's initially; others that were designed before FET's 
were feasible have been converted to FET design. 

What characteristics does the FET possess that cause 
it to be popular in instrument design at Tektronix? 
Its major use is as a solid-state high input impedance 
device. Tektronix circuitry has been predominantly 
solid state for some time now, but there has not been 
a suitable solid-state input device until the junction 
FET was available. Since oscilloscope design requires 
a number of high input impedance device applications, 
FET's are a logical choice. The major advantages of 
junction FET's might be listed as follows: 

Characteristics Tube 

1. High input impedance-input terminal looking 
into a reverse-biased junction. 

2. Very low drift (when properly compensated). 
3. Solid-state reliability. 
4. Noise-no microphonics-careful circuit design can 

decrease noise over other devices. 
5. No apparent aging characteristics. 
6. Small size allows miniature design. 
7. Less power dissipation-filament supply not re- 

quired. FET drain voltage required is less than 
tube plate voltage required. 

As might be suspected, all the advantages of FET's 
do not come without some disadvantages. Their major 
disadvantage as an input device is the sensitivity to 
overload. FET's typically cannot withstand the abuse 
that vacuum tubes can handle. Because the FET has 
temperature-sensitive parameters, matching is used in 
critical applications. Tightly matched dual-FET's are 
now available froin manufacturers to help solve this 
problem. 

Once the design problems are solved (temperature 
compensation, bias tracking and protective circuitry to 
mention a few), performance may be obtained that 
is not available with any other device. FET's are espe- 
cially useful in high-gain low-noise DC-coupled ampli- 
fiers with high common-mode considerations. The chart 
below compares some of the relative characteristics of 
tubes, junction FET's and insulated-gate FET's. 

(continued on page 6)  

Junction FET Insulated Gate FET 

l npu t l mpedance High High Very High 

Noise Low Low Un~redictable 

Warm-up Time Long Short Short 

Size Larae Small Small 

Power Consumption Large Small Small -- 
Aging Noticeable Not Noticeable Noticeable 

Bias Voltage Low, Low, High, 
Temp Coefficient Not Predictable Predictable Not Predictable 

Typical GateIGrid zl nA z.l nA z10  p A  
Current ----- 

GateIGrid Current High, Medium, Low, 
Change With Temp Unpredictable Predictable Unpredictable 

Reliability Low High High 

Sensitivity to Very Good Good Poor 
Overload 



The FET may be referred to as a 
unipolar device compared to the "com- 
mon" bipolar transistor. FET's use 
only one carrier type, majority car- 
riers, while bipolar transistor operation 
requires both minority and majority 
carriers. 

Fig 1 show the basic lead configuration 
of the junction FET and illustrates the 
basic polarities for an n-channel de- 
vice. The arrow points in the direction 
of conventional current flow across the 
p-n junction and normal voltage bias 
for the junction is always a reverse 
bias. Fig 2 compares the similar ele- 
ments of vacuum tubes, transistors and 
FET's. 

The field-effect transistor is a single 
junction device made-up with a source- 
to-drain material (the majority-carrier 
path) doped in either the "nu or the 
opposite direction. By applying volt- 
age so as to oppose the majority car- 
riers in the channel, the device is back 
biased. A negative voltage applied to 
the gate opposes electron flow in n- 
channel material and a positive volt- 
age opposes hole floiv in p-channel 
material. Under these conditions, the 
n-channel or p-channel material be- 
comes a constrictive layer of dielectric 
material past which majority carriers 
must flow and can thus be controlled. 
Fig 3 indicates the polarities required 

DRAIN, where carriers 
flow out of channel. 

GATE, because of 
*similarity to grid. - 

SOURCE, where carriers 
flow info channel. - 

for normal operation of both n-channel 
and p-channel FET's. 

The junction FET is a "depletion" 
type device. Drain-to-source conduc- 
tion is controlled by "depleting" the 
channel \vith reverse junction bias. For- 
ward gate bias results in p-n junction 
for~vard current, and is not the desired 
mode of operation for the device. Fig 
4 illustrates the effect on drain-to- 
source conduction as back bias is varied. 

If the gate remains reverse biased, very 
little gate current flows so the con- 
trol power is very small. The drain- 
source path may conduct current heav- 
ily however. The result is a basic device 
which is capable of very large current 
gain, substantial voltage gain, and thus 
a very large power gain. 

Fig 5 illustrates the drain character- 
istics of a typical n-channel FET. T o  
obtain these, the grounded emitter 
(source) mode of a Type 575 is used 
with NPN polarity. The base step gen- 
erator is used in -POLARITY and a 
1 kQ, 1% resistor is connected between 
the base-and-emitter connections in 
order to convert base current in mA to 

I gate voltage in volts. (See page 14) 
Fig 1 N-channel device and definitions. 

COLLECTOR 

GATE BASE GRID 

EMITTER 

N-CHANNEL FET TRANSISTOR TRIODE 

Fig 2 comparison of basic lead terminology of FET's, transistors, and vacuum tubes. 

----C N --+ 
electron _, _-- a 

N-CHANNEL FET P-CHANNEL FET 



Fig 4 Bock bias confrolling current flow in an n-channel FET 

The result is a plot of drain current 
vs drain-to-source voltage for various 
gate voltages. 

Note that the zero-biased curve is the 
highest current and succeeding curves 
result in turning the device off. The 
zero-biased characteristic in the A to 
B region can be understood by con- 
sidering the conduction channel as the 
drain voltage is increased (see fig 5) .  
For point A, where there is no bias on 
the device, there are only narrow de- 
pletion regions caused by the "contact" 
or "barrier" potential of the p-n junc- 
tion. 

The slope of the I vs V curve at point 

A is simply the conductance of the bulk 
n channel. As the drain-voltage in- 
creases, the gate-to-channel junction be- 
comes increasingly reverse-biased at the 
drain end of the channel and the de- 
pletion region extends into the channel 
at this end. The depletion region is 
void of free carriers and is a space- 
charge region consisting of positive, 
immobile, impurity ions. Because the 
conduction channel becomes narrower 
as drain voltage is increased, the in- 
cremental conductance decreases until 
at point B the depletion regions nearly 
meet. At this point the gate-drain chan- 
nel is said to be "pinched off" and fur- 
ther increase of drain voltage results in 
little additional drain current. 

FET's are usually used in the regions 
to the right of B (fig 1 )  in the "drain 
pinch off" or "drain current satura- 
tion" region. Here the output resistance 
is very high since the current remains 
almost constant for large changes in 
VDS. Note that in this region of its 
characteristic curve, the FET has an 
effective Rp approaching infinity. 

The area to the left (where an increase 
in V results in an increase in I-close 
to the graph axis) is termed the "ohmic 
region." In this region the output re- 
sistance is relatively low but is con- 
trolled by the gate voltage. 

The IGFET's (insulated-gate) , some- 
times called MOSFET's (metal-oxide- 
insulated), separate the gate and chan- 
nel with a layer of intrinsic material. 
As temperature increases on this de- 
vice, the channel apparently increases 
also as it starts to include some of the 
insulating layer into the main channel. 
The IGFET reacts more to changes 
in temperature than the regular FET's 
even though they do away with leak- 
age currents in the gate circuit. Fig 6 
indicates the svmbol used bv Tektronix 
for an n-channel device. I 

i 
1 

Fig 6 Tekfronix symbol for n-channel 1 
IGFET. 1 

B I 
i 

Fig 5 Drain characteristics of FET. ] 



I n  the case of the P6045 FET Probe which was intro- 
duced at  WESCON '66, the FET was a necessity. The  
field-effect transistor, along with its protection cir- 
cuitry, was designed into a package that was con?- 
patible with Tektronis miniature probes. This minia- 
ture probe, shown on the insicle of the front cover, had 
size, power and input Z requirenlents that only a FET 
could meet. 

Tektronis sampling and digital circuitry makes ex- 
tensive use of field-effect transistors. Menlory slash 
(memory vertical drift when sampling gate is closed) 
used to be a limitation with low repetition rate signals. 
Because of the low leakage characteristics of FET's 
this is no longer a problem. The  use of FET's in sam- 
pling preamplifier circuits provides better noise per- 
formance. Since FET's have become practical, the 
sampling preamplifier is no longer a significant source 
of noise. 

I n  the case of the Type 611 Storage Display Unit, the 
F E T  was used for yet another reason. The  Type 611 
uses the F E T  as a square-law device. The  dynamic 
correction circuitry necessary for the high resolution 
this instrument provides, requires an 1' output from 
a n  E input. The  F E T  is a square-law device that pro- 
vides this characteristic in a single stage. The  alterna- 
tive was two transistor stages with the additional cir- 
cuit complexity and cost. 

FET's are used in the Type 410 Physiological Monitor 

Above 
Type IA7A High-Gain Differential Unit 

Right 
Simplified Protection circuit for Type 
7A7A. 

for a number of reasons. One design consideration of 
the Type 410 concerned its rechargeable power pack. 
Field-effect transistors allowed the inp~i t  circuit to 
operate effectixdy at  17 volts ( 10 standard 1.7-<~olt 
rechargeable cells). A vacuum-tube input in this cir- 
cuit wo~~lcl  have required a rninimunl of 25 volts, thus 
increasing the espense and weight of the power supply. 
At the same time the FET's contributed to a better 
common-mode design and assisted in a unique patient 
protection circuit. 

In  the case of the Type 453, FET's improved overall 
circuit operation. Vertical drift was much reduced, re- 
liability increased (elimination of microphonics, aging 
and shock), and the power requirement reduced by 
removing the vacuum-tube front end. Since the Type 
453 is widely used in field service the reduced warm- 
up time is also desirable. 

The  use of FET's in plug-in vertical preamplifiers can 
increase overall performance and reliability. Perform- 
ance of the Type 1A7A shown below represents a sig- 
nificant improvement from previous high-gain differ- 
ential DC-coupled amplifiers. Maximum short-term 
drift is specified at  5 pV/minute and tangential noise 
is 15 ,.LV at  10 ,.LV/cm sensiti\.ity and 1-MHz band- 
pass. FET design also allowed the elimination of a 
highly regulated 6.3-V filament supply that further 
simplified design and increased reliability. The input 
circuit of the 1A7A is fused against accidental severe 
overload as the simplified diagram below shows. 

L---------,,-------L,,,,,,,,,,,,,,,,,,,,,,,L,,,,,,,,,,,,,,,,,,,,,,,L,,,,,,,,,,,,,,,,,,,,,,,L,,,,,,,,,,,,,,,,,,,,,,,- 

- 
Assume a steadily increasing positive voltage at the input .  The f loating power 
supply voltages continue t o  rise w i t h  the input .  When the gate voltage o f  0 1  
approaches approximately 23V, D l  turns o n  and clamps the gate, drawing 
current through F1. When the current through F 1  exceeds 1116A the fuse 
opens, removing the overdrive f rom the circuit .  

With a negative voltage whose magnitude is steadily increasing at the input, D2  
turns o n  when the signal approaches approximately-7.6V and draws current 
through the -7V supply. The -7V supply becomes more negative (fol lows the 
input) ,  causing the remaining supply voltages t o  go i n  the negative direction 
and 0 2  cuts of f .  When the overdrive voltage becomes approximately-27V, the 
collector t o  base junction o f  0 3  becomes forward biased and conducts the over- 
drive current through D3. F 1 opens when the current exceeds 111 6A. 



MAJOR FET CONTRIBUTION 

GROUP TYPE CHARACTERISTICS 

---- - 
PROBES 282 50 C? to 1 M Q  PROBE ADAPTER R f l m R  m 

P6045 DC-230 MHz FET PROBE m m m m  ft 
P6046 DC-100 MHz FET DIFFERENTIAL PROBE f l f l f l m  fl 

GENERAL 

PURPOSE 

PLUG-IN 

UNITS 

1 A1 DC-50 MHz DUAL TRACE fl 
1 A4 DC-50 MHz FOUR TRACE fl 
1 A5 DC-50 MHz DIFFERENTIAL COMPARATOR fl 
1A7A 10 pV/cm DIFFERENTIAL R 
3A3 100 pV/div DUAL DIFFERENTIAL fl 
81 A PLUG-IN ADAPTER fl 

SPECTRUM ANALYZER 115 50 Hz-1 MHz SPECTRUM ANALYZER fl 
PLUG-IN UNITS 3L5 50 Hz-1 MHz SPECTRUM ANALYZER m 

SAMPLING AND 1 S2 

DIGITAL READOUT 3S1 

INSTRUMENTS 3S2 

S1 

S2 

3S3 

3T2 

230 

568 

90-ps TDR 

DUAL-TRACE SAMPLING 

DUAL-TRACE SAMPLING 

350-ps SAMPLING HEAD 

50-ps SAMPLING HEAD 

DUAL-TRACE SAMPLING PROBE 

RANDOM SAMPLING SWEEP 

DIGITAL READOUT 

READOUT OSCILLOSCOPE 

m m m m 
m m m m 
m m m m 
R m m 
m m m 
m m m  m 
m m m m 

m 
m 

--- 

PORTABLE 323 DC-4 MHz m f l m m  fl fl 
INSTRUMENTS 453 DUAL-TRACE 50 MHz-SWEEP DELAY m f l m f l  fl m 

MONITORS 41 0 PHYSIOLOGICAL MONITOR f l m m  fl m 

TV INSTRUMENTS 520 VECTORSCOPE m m fl fl 

DISPLAY 

UNITS 

601 STORAGE DISPLAY UNIT 

602 DISPLAY UNIT 

61 1 STORAGE DISPLAY UNIT 

All of the preceeding designs discussed in this article 
have used junction FET's. Although the junction FET 
is the device best-suited for most oscilloscope designs, 
Insulated-Gate Field-Effect Transistors (IGFET's) are 
used in one Telitronix instrument. 

The memory performance of Tektronix digital readout 
instruments has been improved with the use of an 
insulated-gate FET in the memory circuits. The ex- 
tremely low leakage of these devices has contributed 
substantially to the improved performance and more 
accurate readout of the Type 230. The chart above 

shows those Tektronix instruments that incorporate 
FET's. 

The Field-Effect Transistor is a welcome addition for 
the design engineer. Its high input impedance charac- 
istic in addition to its solid-state properties of low 
power dissipation, small size, reliability, noise character- 
istics, etc. allow performance improvements in many 
circuits. The FET is replacing input vacuum tubes in 
much the same manner that bipolar transistors re- 
placed vacuum tubes. Further evolution of the FET 
will surely result in even more FET circuits in oscillo- 
scope applications. 





Introduction The combinations of these tkvo sweeps offers extra resolu- 
tion and increases accuracy of time-interval measurement. 

Delaying-sweep measurements are based on the use of 2 
linear calibrated sweeps. The first sweep, commonly called To  understand delaying sweep operation, it is necessary 
the delaying sweep, allotvs the operator to select a specific to understand the time relationship between the delaying 
delay time. When this time is reached, the delayed sweep sweep and the delayed sweep. T o  illustrate, an event occurs 
starts. The delayed slveep typically is a decade or two faster that starts the delaying sweep at to. The delaying-sweep 
than the delaying sweep and offers additional resolution. voltage ramp is applied to a voltage comparator that pro- 

Fig 1 Block diagram of delaying sweep oscilloscope. 

! UNBLANKING COMPOSITE 
1 WAVESHAPE \ I  I 

I I SIGNAL ! 

I ! I I 

I DELAYING SWEEP ! 

i I I 
I 
I 

I I 
I j 
! DELAYED SWEEP I 

I I i 

I I 
I ? I I 

I 
I 
I 

Fig 2 Delaying sweep oscilloscope circuit relationships. 
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duces a trigger pulse at a later point in time, t,. This trig- 
ger pulse occurring at  t, starts the delayed sweep. Delay 
time, then, may be defined as the difference in time be- 
tween the start of the delaying sweep and the start of the 
delayed sweep and can be expressed as t, - to. 

The accuracy of delay time is basically determined by the 
delaying sweep and the potentiometer which sets the thresh- 
old level of the comparator. The horizontal amplifier and 
CRT do not affect the accuracy of delay time. An intensi- 
fying pulse indicates where the delayed sweep starts with 
respect to the delaying sweep, and so delay time can be 
determined independently of horizontal amplifier and C R T  
considerations. The portion of the delaying sweep that is 
intensified is a direct function of the duration of the de- 
layed sweep as shown in fig 2. 

Oscilloscope time-interval measurements usually involve 
finding the period of time between two events. By adjust- 
ing the delay-time multiplier (DTM),  which controls a 
potentiometer in the comparator circuitry, the delay time 
from the start of the delaying sweep to both events is de- 
termined. The time between these events is the difference 
bctween their corresponding delay times. 

The resolution of these delay times can be improved, thus 
improving the time-interval measurement accuracy, by driv- 
ing the horizontal amplifier with the delayed sweep. The 

t I I 
i COMPARATOR I I 1 
1 PULSE IDTMI I I i 



Fig 3 Delayed sweep mode. 

intensified portion of the delaying-sweep presentation is 
now displayed over the full C R T  display. In  the case of 
fig 2, this appears as a 10X magnified display since 1/10 

Fig 4 Display magnified IOOOX resolves two pulses from apparent 
single pulse. 

of the original waveshape time is now displayed over the 
same graticule area. A delaying-sweep oscilloscope, then, 
acts as a magnifier \\.hose magnification power is the ratio 
of the delaying-sweep rate to the delayed-sweep rate. 

delaying sweep rate 
Magnification = 

delayed sweep rate 

Fig 4 illustrates the use of delaying sweep to magnify a 
signal lOOOX to allow closer examination of leading edge 
detail. Oscilloscopes such as the Tektronix Type 547 can 
provide a dual display of these two sweep rates. This is 
accomplished by using an internal multivihrator to switch 
lxt~veen sweep rates and is referred to as automatic display 
switching. 

I TIMEICM OR DELAY TIME f DELAY-TIME MULTIPLIER 

Fig 5 Determining delay time-pulse 1 Fig 6 Delay time reading. 1 ms x 3.27 = 3.27ms. 

10 



Fig 7 Determining delay time-pulse 2. Fig 8 Determining time between events by graticule measurement. 

Time-Interval Measurements 

The example in fig 5 illustrates a typical time-interval meas- 
urement. Note the intensified portion of the lower wave- 
form which is displayed in magnified form above it. The 
delay time associated with this event is determined by mul- 
tiplying the delay time of 1 ms by the D T M  reading of 3.27, 
as shown in fig 6. By turning the D T M  until the next event 
is intensified and the upper waveform is in the same rela- 
tive graticule position as before, a display like fig 7 is seen. 
If the delay time of this event is 7.47 ms, then the time 
interval may be computed. 

I t  is not necessary to determine the actual delay time of the 
start of the event as indicated by the start of the intensified 
portion of the lower waveform. However, in both cases 
the D T M  is adjusted until the magnified portion of both 
events is in the same relative graticule position. In  the 
examples shown, the center (or 5-cm point) of the graticule 
is used. Any point on the graticule may be used as long as 
it is the same point for both events. 

The difference between these two delay times is 4.20 ms 
and corresponds to the period of time between the two in- 
tensified events. Each minor division on the D T M  repre- 
sents 0.01 Ins, which also represents the resolution of the 
delay time. Measuring with the graticule, the resolution is 
approximately 0.1 ms or reduced by a factor of ten. Fig 8 
shows the same two events with a sweep rate of 1 ms/cm. 

I n  fig 8, each minor horizontal graticule division corresponds 
to 0.2 ms. The time between the two events as read from 
the graticule is 4.2 111s. Making a graticule measurement, 
only one number past the decimal is significant because of 
the limitations in resolution due to trace width and display 
size. Thus the delaying-sweep method offers the additional 
resolution of an extra significant number. 

Percentage of Error 

I n  addition to improving resolution, the delaying-sweep 
method reduces percentage of error. The graticule method 
depcnds upon the oscilloscope's ability to line-up precision 

DELAY TIME 

Fig 9 Basic error sources. 

time-markers with major graticule divisions, and is subject 
to errors contributed by nonlinearity in the horizontal am- 
plifier and CRT. The delaying-sweep method uses the C R T  
as a nulling device that does not affect the measurement 
accuracy. 

The accuracy of the graticule method is determined by the 
accuracy of the sweep as observed on the graticule. With 
an accuracy of 1 3 % ,  the 4.2 ms in the previous example 
has a maximum possible error of *0.126ms. This type of 
error is easy to calculate because the 2370 specification 
normally includes both a timing or rate error and a non- 
linearity factor. The delaying-siveep method also has these 
same basic factors tvhich contribute to possible errors, al- 
though they are more complex in nature. Since the voltage 
ramp of the delaying sweep is the basic time base used in 
the delaying-s~veep method, the basic sources of error in 
time-interval measurements can be illustrated as shown in 
fig 9. 

The dotted line represents a no-error condition, while the 
linear solid line represents the average rate error due to 
differences of the timing networks in the delaying sweep. 



The nonlinearity factor varies about the solid line and rep- 
resents the actual delay time read on the DTM. This non- 
linearity factor is a con~bination of both sweep and potenti- 
ometer nonlinearity, and is usually expressed in terms of 
dial divisions on the DTM. Delaying-sweep percentage 
error is then calculated by using this figure and the per- 
centage figure for rate error. 

Percentages of rate error are typically expressed in terms 
of actual delay time and are usually better than the sweep- 
rate accuracy as read on the CRT, because they do not 
depend on the horizontal amplifier and CRT. Delay-time 
accuracy is typically within * 1%. Also, because the aver- 
age rate error lies totally on one side or the other of the 
no-error dotted line, the difference between any two delay 
times is accurate within t 1 7 0 ,  plus or minus the nonlinear- 
ity factor in dial divisions. 

Another factor normally of lesser importance in making 
time-interval measurements is that of fixed delay. Fixed 
delay is a result of inherent circuit delays because the com- 
parator requires time to generate a trigger pulse, and the 
delayed sweep and trace intensifier require time to generate 
an intensifying pulse. At faster sweep rates, this fixed de- 
lay is an appreciable percentage of the delay time. At these 
faster sweep rates, the delay time can be expressed as ac- 
curate within t 1% plus some fixed delay such as 100 ns. 
Because the fixed delay is included in both delay times it 
does not affect the accuracy of a time-interval measurement. 
Fig 10 represents fixed delay as a displacement of the error 

4.20 Ins t 0 . 0 2  ms or 20.062 ms. Note that this error is 
about half as large as that using the graticule method 
(0.1 ms). 

When using the delaying-sweep method, it is best to use 
the delaying sweep at  the fastest possible sFveep rate. The 
above + 2  dial divisions of nonlinearity factor then repre- 
sents the smallest possible error. If the delaying sweep 
rate is 0.5 ms/cm, then 2 2  minor dial division is equal to 
20.01 ms. This nonlinearity factor is only half as large 
as the previous one of k0.02 ms. 

When measuring short time intervals, it is not always pos- 
sible to use the delaying sweep at a fast enough rate and 
still maintain a proper delaying sweep to delayed sweep 
ratio for the desired magnification. When this occurs, the 
graticule method may prove more accurate. For this reason, 
after using the delaying-s~veep method, simply multiply the 
measured time interval by the delaying-sweep rate accuracy 
(as in the grat ic~~le method) and use the most accurate 
figure. In  most cases, the delaying-sweep method will be the 
more accurate way of making time-interval measurements. 

Improving Accuracy 

Accuracy can be further improved by using a time-mark 
generator such as the Tektronix Type 184 to calibrate the 
DTM. By selecting time-marks so that accurate time-marks 
can be intensified and magnified for each ten major dial 
divisions, a calibration chart can be constructed for any 
delaying sweep rate that is needed. A calibration chart for 
a sweep rate of 1 ms/cm might look as follows: 

TIME MARKS DTM READING ERROR 

curve. 

FIXED 
DELAY DELAY TIME 

Fig 10 Basic error sources-fixed delay. 

To calculate the error on the previous delaying-sweep meth- 
od of time-interval measurement, a nonlinearity factor of 
+2  dial divisions is assumed. Because the delaying-sweep 
rate is 1 ms/cm, the 100 minor dial divisions on the delay- 
time multiplier dial corresponds to 1 ms of time. Therefore, 
-C2 minor dial divisions is equal to k0.02 ms. 

If the delaying sweep rate is not changed, this nonlinearity 
factor remains t 0 . 0 2  ms regardless of the time increment 
measured. The total percentage of error is now -C 1% of 

Fig I 1  Calibration charf for optimizing accuracy. 

Since 0.1 ms represents only 1/100 of the total sweep, the 
actual error of the delay-time multiplier dial reading of 
3.27 ms can be considered +% dial division high or +0.005 



ms because both 3.20 ms and 3.30 ms contain this same error. occurred in 10 dial divisions of the delay-time multiplier 
For the same reason, the 7.47 ms reading can be considered dial. This accuracy can be held to *0.1% quite easily. 
low by the same amount or -0.005 ms. Therefore, a more 
accurate interval of time elapsed between the two previous Summary 

events is time = (7.47 ms + 0.005 rns) - (3.27 ms - 0.005 The delaying-sweep method of time-interval measurements 

ms) = 7.475 ms - 3.265 ms = 4.210 ms. offer additional resolution and accuracy for most measure- 
ments. Understanding the limitations of delaying sweep, 

The accuracy of this final time interval is limited only by as well as the advantages, allows the user to determine if 
the accuracy of the time-markers and the nonlinearity that this capability is required. 

GRAM 
Some confusion exists as to the different FET basing arrangements. The information 
below shows the basing for al l  of the FET's currently being used in  Tektronix instruments. 

"Plastic 

All drawings 
are BOTTOM 
views except 9 

Tektronix PN Basing N o  

151 -1 001 -00 9 
151 -1 002-00 8 
151 -1 003-00 4 
151 -1 004-00 3 
151 -1005-00 3 
151 -1 006-00 3 

Tektronix PN Basing N o  

151 -1 007-00 4 
151 -1 008-00 6 
151 -1009-00 4 
151 -1 01 0-00 4 
151-101 1-00 4 
151-101 2-00 2 

Tektronix PN Basing N o  

151 -1 01 3-00 4 
151 -1 01 5-00 2 
151 -1 01 7-00 7 
151 -1 01 8-00 10 
151 -1 01 9-00 4 
151 -1 020-00 4 

Tektronix PN Basing N o  

151 -1 022-00 1 
151 -1 024-00 10 
151 -1 025-00 11 
151 -1 026-00 3 



FET's are I~ecoming conlinon in current 
Tektronix instruments and the need 
arises for a method of checking theni. 
The follo\ving niethod \vill quickly 
determine \\-liether a suspected F E T  is 
faulty. 

The Type 575 can easily Ix used to 
she\\- the typical operating curves of 
field-effect transistors FET's 11y con- 
necting a 1 ka ,  1 \ V ,  1% resistor from 
the Ime  to the emitter hinding post 
on the 'Type 575. This converts the 
nirl/stcp of the Imse step generator to 
V/step, providing the voltage stving re- 
quired for the gate. The  575's con- 
stant current source is no\v a constant 
voltage source ivhich is cleveloped 
across the I ks? resistor. See fig 1.  

\Vhcn testing an  FET,  the dlain lead 
goes to tlie collector connection; the 
g m  lead to the base connection; and 
the source lead to the einittel connec- 
tion. 

For testing 11-channel FET's set the con- 
trols as sholvn: 

Collector Sweep 
POLARITY -1-(NPN) 

PEAK V O L T S  200 
RANGE 
PEAK VOLTS 0 ( to  start)  
DISSIPATION 1-2 lift ( t o  start)  
L IMITING 
RESISTOR 

Base Step 
STEPS/FAMILY 12 
POLARITY - (PNP)  

Display Calibration 

W R T I C l L  .5 mA/div 
I I O R I Z O S T I ~ L  2 V/di\ 

C:. lUTIOS: rldiuit the STEP 0 cale- 
fully before tcsting the FET.  S-channel 
field-effect transistors may Ile clestroyecl 
I I V  a l~l~licntion of over ?4 volt of posi- , 'A 

tivc bias. 11 set of F I X  curves. reseni- 
bling those of a pcntode, \\.i!l appear 
ns the collector voltace al~l,roachcs the , ,  .. 
FET ratings. If there is any cloul~t con- 
cerning the FET,  compare it \\.ith a 
kno\\-n good device or consult a spccifi- 
cation sheet. Note that the zero bias 
curve is the top curve in fig 2. 

If you \vish to look at  the breakdov~n 
characteristics, it is only necessary to 
change tlie horizontal calil~ration and 
increase PEAK VOLTS until break- 
do\\.n occurs. See fig 3. 

For testing p-channel FET's, set the 
collector s n e e p  P O L A R I T Y  t o  
- (PNP)and  the Im5e step POLARITY 
to plus. An easy method of remein- 
beiing this testing procedure is to 
coilelate an  n-channel F E T  with a PNP 
transistor test, as far as the collector 
to emitter and drain to source voltage 
polarity are concerned. I-Io~vever, when 
testing field-effect transistors, the base 
step polarity must always be opposite 
the collector polarity. 

A drain current vs gate source voltage 
curve may be easily obtained by 
changing the horizontal display to .5 
base volts and repositioning the display. 
See fig 4. 

the ability to supply gate voltage to 12 
volts ~i ias in~urn.  This is sufficient to 
olxcrvc the inajority of FET's as used 
in l'cktronis instruinerits. I\ complete 
redesign of the Insc step auiplifier and 
p \ \ . e r  s1pp1y is recluii.cd to accolnmo- 
date a greater voltage swing. 

If the positive gate hias characteristics 
are ticsirctl. this can I x  done to a lim- 
ited e s ~ c n t  i f  adequate protection is 
einploycd to assure that the gate drain 
and source currents do not exceed the 
mas i i~~u i i i  rating of the device ~ ~ n d e r  
test. 

G Z U T I O S :  Gate input voltages in ex- 
cess of -1-.GV typically run the F E T  
I~eyond its current rating. 

nlA/STEP .2 (+.2 V/step) T h e  Type 575 base step amplifier has Fig 1 Type 575 modified for FET testing. 

Fig 2 Drain family of characteristics Fig 3 Drain family of characteristics show- Fig 4 Drain current vs gate source voltage 
VDS vs ID. ing avalanche VDS -- 10 V/div: ID = .5 Vcs = .S V/div: ID = .5 mA/div. 

mA/div. 



USED INSTRUMENTS FOR SALE phone: 377-2121 (home); 772-8111 
Ext. 6437 (office). 

1-Type 4S2A; 1-Type 5T3 Plug-In 
Unit; 1-Type 661. Contact: Jerry 
Borchert, 3300 Hillview Avenue, Palo 
Alto, California. T e l e p h o n e :  (415) 
326-9500. 

1-Type 564 Storage Oscilloscope, SN 
4897; 1-Type 201-1 Scope-Mobile@ 
Cart; 1-Type 2A60 Single Trace 1- 
MHz Plug-In; 1-Type 2A61 Low Lev- 
el Differential Plug-In; 1-Type 2B67 
Time Base. Condition like new. Used 
very little. Price: $1,495.00. Contact: 
J. M. Edelnian, M.D., 4550 North 
Boulevard, Baton Rouge, Louisiana 
70806. Telephone: (504) 924-6266. 

I-Type 517A, SN 1377. Sell or trade 
and cash for Type 535 or Type 545 and 
CA Plug-In. Contact: Duane Beyer, 
1756 Elmhurst Lane, Concord, Cali- 
fornia. Telephone: (415) 682-6161, Ext. 
372 (days); (415) 682-5273 (evenings). 

1-Type 511A, SN 4235. Price: $100. 
1-Type 543 and CA Plug-In, SN 353 
and 5032 respectively. Price: $1 170. 
1-500 Scope-Mobile Cart. Price: $79. 
1-Type 180A Time Mark Generator, 
SN 5908. Price: $468. Contact: Stabro 
Laboratories, Inc., 25 Kensington Ave- 
nue, Salt Lake City, Utah 84115. Tele- 
phone: 467-801 1. 

1-Type 1Al Dual-Trace Unit, SN 
7420. Price: $425. Contact: L. Spring- 
er, Creative Electric, 18 Hulbert St., 
Auburn, New York 13021. Telephone: 
(315) 253-9759. 

2-Type 3A72, SN 31 16 and 2791. Con- 
tact: Dr. Zia Penefsky, New York Med- 
ical College, Fifth Avenue at 106th 
Street, New York, New York 10029. 
Telephone: (212) 876-5500 Ext. 539. 

USED INSTRUMENTS WANTED 1-Type RM504, SN 0013 15. Less than 
300 total hours on instrument. Price: 
$395 FOB Houston, Texas. Contact: 
D. D. Fitzgerald, Southwest Instrument 
Co., 7722 Westview Drive, Houston, 
Tesas 77055. Telephone: (7 13) 682- 
7801. 

1-Type 564 Storage Osc i l loscope ,  
3A75/2B67 Plug-In Units. Contact: 
Charles Stuart, 1 Finch Place, Hunting- 
ton, New York 11743. 

1-Type 5 11AD-121 Amp-Scopecart. 
Total price $225.00. Contact: Fred 
Chambers, 11 Loc~~swood Blvd., El- 
mont, New York. Telephone: (212) 
775-6938. Type 575 Transistor Curve Tracers. 

Contact: Mr. Schaeffer, Dage Corpora- 
tion, 757 Main Street, Stamford, Con- 
necticut. Telephone: (203) 324-3123. 

1-Type 531, SN 493; Type 53A; 
Scope-Mobile. Price: $400. 1-Type 
535, SN 692; Type 53/54C; Scope- 
Mobile Cart. Price: $550. Contact: 
Milt Groban, 9656 South Merrion, Chi- 
cago, Illinois 6061 7. Telephone: (3 12) 
721-3442. 

1-Type 661 Sampling Oscilloscope 
with Type 5T3 Sampling Timing Unit 
and Type 4S2 Dual-Trace Sampling 
Unit. Price: $2,500.00. Contact: Grant 
\Vales, G. T .  Schjeldahl Company, 
Northfield, Minnesota. T e l e p h o n e :  
(507) 645-5633. 

1-Type 511; 1-Type 512; 1-Type 
513; 1-Type 514. Maximum-$200. 
Contact: R. Stayton, 4403 Vangold, 
Lakewood,  California 90712. Tele- 
phone: 429-9429. 

1-Type 535, SN 9913; 1-Type CA 
Plug-In, SN 19828; 1-Type 500/53A 
Scope-Mohile Cart. Price: $600. 1- 
Type 585.4, SN 6687; I-Type 82 
Dual-Trace Plug-In, SN 1824; 1- 
Type 202-1 Scope-Mobile Cart. Price: 
$1,500. Contact: 0 .  H. Fernald, Ad- 
vance Research, Inc., 44 Hundreds Cir- 
cle, Wellcsley Hills, M a s s a c h u s e t t s  
02181. Telephone: (617) 237-1920. 

1-Type 526, SN 1860. Used only 6 
months. Contact: N. Friedman, Pro- 
fessional Closed Circuit TV, 342 Madi- 
son Avenue, New York 17, New York. 
Telephone: (212) 687-4422. 

1-Type 502; 1-Type 502A. Contact: 
Don Modlin, Reflectone Division, Otis 
Elevator Company, 2051 West Main 
Street, Stamford, Connecticut 06902. 
Telephone: (203) 325-2251. 

1-Type 517.4. Escellent condition. 
Contact: Ed Knight, Industrial Com- 
munications, 8300 Fenkell, Detroit, 
Michigan 48238. 

Will trade 1-Type 541, SN 6092 for 
1-Type 53 1 A, no plug-ins. Contact: 
John Bowen, Pressure Products Indus- 
tries, Inc., 412 South Warminster Road, 
Hatboro, Pennsylvania 19040. Tele- 
phone: (215) 659-3300. 

1-Type 517 high speed with power 
supply. Condition of both good. Con- 
tact: D. Schendel, Electro Optical In- 
dustries, Inc., 92 Aero Camino, Goleta, 
California 93017. Telephone: (805) 
968-2591. 

1-Type N Sampling Plug-In Unit. 
Like new. Price: $325. Contact: Dick 
Landis, Landis Associates, 5222 Venice 
Boulevard, Los Angeles, California. 
Telephone: (213) 933-8187. 

1-Type 515 or comparable scope. Will 
consider more sophisticated type with 
10-MHz b a n d w i d t h .  Contact: Tom 
Annes, P.O. Box 2232, Denver, Colo- 
rado 80201. 1-Type 567, SN 2821; I-Type 6RlA, 

SN 2191; 1-Type 3876, SN 3961; 1- 
Type 3T77A, SN 4771; 2-Type P6032. 
Used only 4 hours. Price: $4900. Con- 
tact: Bill Burns, Digital Equipment 
Corporation, 146 Main Street, May- 
nard, Massachusetts 01754. Telephone: 
(617) 897-8821 Ext. 613. 

1-Type 4S2, SN 000523. Price: $965. 
1-Type 113, SN 001226. Price: $165. 
Contact: Robert Williams, University 
of Virginia, Physics Department, Char- 
lottesville, Virginia. Telephone: (703) 
295-2166 Ext 3345. 

1-Type 515A, 541 or 545. Please state 
condition and price. For personal use. 
Contact: E. D. Haley, Jr., 909 Monti- 
cello Avenue, Charlottesville, Virginia 
22901. Telephone: (703) 296-2037. 

I-Type 503, SN 7345. Price: $500. 
C o n t a c t :  Chuck Fredricks, Nortec, 
Richland, Washington 99352. Tele- 
phone: (509) 943-9141. 

1-Type 575 Curve Tracer. Contact: 
Robert J. McNaul, Spar Electronics, 
7969 Engineer Road, San Diego, Cali- 
fornia 921 11. Telephone: 279-1641. 

1-Type 547/1A1/202-2. Contact: Mey- 
er Bar, 5523 EauClaire Drive, Palos 
Verdes Peninsula, California. Tele- 
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The new P6048 probe is shown next t o  6 other high frequency, high performance miniature probes. Designed for use with high performance 
oscillosco~es, these probes illustrate the full-spectrum measurement capability currently available t o  the oscilloscope user. See chart on page 5 
for additibnal details. 

CAL HONGEL 
Project  Manager - Accessories Design 

In t roduct ion  

Tektronix introduced the plug-in instrument concept 
with the introduction of the Type 530/540 series oscil- 
loscopes in 1954. This concept developed because the 
interface between signal source and the cathode-ray 
tube is often complex and must be adaptable. Oscillo- 
scope plug-in preamplifiers accomplished this interface 
nicely and so provided greater versatility at  a modest 
price. 

COVER c Tom Jones, Tektronix photographer, high- 
lights the new SONY/TEKTRONIX Type 323. The 
Type 512, an instrument of similar characteristics in- 
troduced 19 years ago, is shown in  the background. 
See story on page 11. 

Since that time the plug-in concept has spread to count- 
ers, spectrum analyzers, function generators and many 
other instrument lines. Several years ago it became 
apparent that this same concept could be applied 
between the input vertical amplifier and the signal 
source, thus allowing the user more versatility. 

Since that time, Tektronix has been engaged in an 
"across-the-measurement-spectr~~m" effort to develop 

@ 1968, Teklronix, Inc. All Rights Reserved. 



probes that interface between the many varied signal 
sources and the vertical inputs of high-performance oscil- 
loscopes. The  success of this effort is best measured in 
the spectrum of Tektronix oscilloscope/probe perform- 
ance currently available to the oscilloscope user. This 
concept allows general-purpose oscilloscopes to adapt to 
many application areas that heretofore required addi- 
tional plug-ins or special-purpose oscilloscopes. 

A case in point is the Tektronix Type 454 Oscilloscope 
and the high performance probes available for use with 
it. Two years ago when Tektronix introduced this instru- 
ment, two probes were announced, the P6047 passive 
probe and the P6045 FET probe. 

High-Performance Probes 

The Type P6047 passive probe provides the Type 454 
with 2.4-11s performance at  the probe tip and serves as 
an excellent general-purpose probe for most circuitry 
because of the 10 MR, lOpF ( 7  pF @ 100 MHz) 
characteristics. The P6045 FET probe offers extra 
sensitivity and still maintains a low input capacitance. 
Since that time a number of other probes have been 
developed that truly provide the Type 454 with a full- 
spectrum measurement capability. 

For example, the P6020 miniature current probe with its 
200-MHz performance gives the Type 454 the ability to 
monitor high speed current waveshapes where the source 
resistance and capacitance are such that a voltage probe 
causes severe loading. 

A high-speed differential probe and amplifier has been 
developed that provides wideband, high common-mode 

rejection ratio performance. Differential probe-tip sig- 
nal processing minimizes measurement errors caused by 
differences in probes, cable lengths, ground paths and 
input attenuators. As a result, small high-speed differ- 
ential signals may now be analyzed on a general-purpose 
oscilloscope. The P6046 Differential Probe and Ampli- 
fier provide the Type 454 with a 1 mV 70-MHz capa- 
bility that significantly increases the versatility of the 
instrument. 

The P6042 DC current probe is available for use with 
the Type 454 and while it does not cover the full band- 
width of the instrument, it does provide a unique DC- 
to-50 MHz current-measuring capability all in one 
probe. This is a particularly useful tool for many fast 
semiconductor circuits since fast switching transients, 
low frequency response, and DC level can all be dis- 
played simultaneously on the same oscilloscope. 

N e w  1 kQ 1 pF Passive Probe 

The latest member to the Tektronix family of high per- 
formance miniature probes is the P6048 passive probe 
system, which extends the measurement capability of the 
Type 454. The P6048 is a 1000 ,cl low impedance pas- 
sive probe utilizing 100-Q cable. (A 50-Q probe system, 
for example, with the same 10X attenuation has only 
500-fl impedance.) 100-Q cable is used because studies 
indicate this is the highest impedance transmission line 
that has sufficient reliability yet retains small size and 
flexibility necessary for probe usage. Higher impedance 
cables do not meet the environmental requirements. 

Since all low impedance systems suffer from power 
dissipation problems, a switchable AC-coupling capaci- 

Fig 1 .  The termination of the P6048 probe is  the key to its performance characteristics. The simplified schematic illustrates how the mutual in- 
ductance (-L) of the T-coil termination neutralizes the input capacitance (+C) of the instrument. By locating the low-impedance termination 
in the probe, the general-purpose aspect of the oscilloscope is retained with no sacrifice to  the user. 

3 



tor is included in the termination box to 
extend the maximum DC input voltage 
from 20 V to 200 V. The P6048 design 
maintains the same input capacitance of 
less than I pF, even  w h e n  the  probe is 
AC-coupled,  with a low frequency 3-dB 
point of 7 kHz. 
Size was an important consideration in the 
design of the P6048 probe. For a high- 
speed probe to be useful, it must be small 
enough to probe the circuit under inves- 
tigation. However, as the probe diameter 
decreases, the tip capacitance increases.The 
design of the P6048 is compromised on a 
0.3-inch diameter. This allows an input 
capacitance of < 1 pF (typically 0.8) but re- 
tains the important small size, so necessary 
in high-speed circuitry. 

5 0 4  Systems 

Another means of looking at high-speed 
circuits is to terminate the oscilloscope 
input with 50 a. This permits using high- 
speed probes such as the P6035 (5  kR, 
0.6 pF) that work into 50 0 and can dis- 
play the 2.4-11s risetime of the Type 454. 
The Type 454 input characteristics will 
cause some reflections, but pulse measure- 
ment information is valid up to twice the 
length of the cable time delay used be- 
tween the probe and scope. An excellent 
means of optimizing this viewing mode is 
to insert enough 5 0 4  cable between the 
termination and the probe so the reflection 

Fig 2. CRT display of oscilloscope un- 
der test. Probes are applied t o  deflection 
plate circuitry as shown in f ig 4. 

Fig 5. P6046 Differential Probe and 
Amplifier with Type 454 displays a 4 
mV signal (5 nsldiv). 

Fig 4. Measuring circuit for figs 2 and 3. 
Deflection plate circuitry of oscilloscope 
under test. 

Note in fig 3 that the P6020 current wave- 
shape @ is an accurate representation of 
the reference signal in  f ig 2 and does 
not distort the reference signal . The 
P6047 loads the signal severely @ and 
distorts the probe source as shown in  
fig 2 . Additional information that 
only a current probe can display is the in- 
itial charging current necessary t o  charge 
the CRT capacitance @ . 

Fig 6. Inserting cable between termina- 
t ion and P6035 probe removes the dis- 
continuity caused by input C from the 
area of interest (5 nsldiv). 

Fig 7. Response of Type 454lP6048 to  
fast pulse (1  0 nsldiv). 

occurs beyond the point of interest as shown in fig 7. 
Why are Tektronix real-time oscilloscopes 1 MR instead 
of 50 R? 
When the Tektronix Type 454 was in the design stage, 
there was much consideration given to the pros and cons 
of a 50-0 versus a conventional 1-MR system. The con- 
census at Tektronix was although a 50-R system would 
be easier to design ( l-MR attenuators are more com- 
plex than 5 0 4  attenuators), the customer would have 
to accept too many compromises for a general-purpose 
instrument. 

Since most oscilloscopes are used as a general-purpose 
device, a means of increasing the input resistance of a 
50-R system is mandatory in most measuring situations. 
The only paths currently available to the user is an FET 
probe with its inherent extra cost and dynamic range 
considerations or a passive probe with its relatively low 
increase in DC resistance. 
A second limiting compromise is the limited dynamic 
range of a 50-R system. Both the power ratings of the 
5 0 4  co nponents and the FET probe elements, all con- 

tribute to a system less tolerant of large signal swing 
and high DC potentials. 

The third compromise is that existing general-purpose 
probes cannot be utilized. This limits the measurement 
spectrum severely as most of the probes discussed in 
this article could not be used. 

The chart on page 5 illustrates the prominent features 
of most popular Tektronix high-performance probes. 
The probe impedance diagrams will assist the user in 
selecting the proper probe for his measurement. 

Less T h a n  O n e  pF, N o  Resistive Load ing  

A case where a high-speed current probe is almost a 
necessity is where the transistor is a very low-capacitance 
(0.5-2 p F ) ,  high-frequency device working into a high 
impedance (1-5 kR).  A transistor with a large collec- 
tor load and low capacitance presents a particularly dif- 
ficult measuring circuit. A low impedance passive probe 
should not be used because the resistive loading could 
shift the operating level out of range of operation, caus- 
ing clipping, limiting, or other undesirable effects. Sincc 



Very low source loading - less than 1 pF - no 
resistive loading - insertion impedance of .025S2 
- elevated measurements to  500V - sensitivity 1 
mAlmV - risetime 1.75 ns - 935 Hz-200 MHz 
bandwidth. 

Requires oscilloscope terminated in 50S2 - very 
low input capacitance (.6 pF) - 50SL cable ex- 
tends length of probe and moves reflection from 
input C - risetime 200 ps - DC-1.7 GHz band- 
width - valid for pulse information only. 

Very low source loading - both DC and AC 
current measurements - sensitivity 1 mA/div - 
7 ns risetime - DC-50 MHz bandwidth. 

Good sensitivity (1X) - high DC resistance - low 
capacitance - interchangable heads: 1X 10 MS2 
5.5 pF, IOX 10 MSL 2.3pF. lOOX 10MSL 1.8pF 
- small size - 1.5 ns risetime - DC-230 MHz 
bandwidth. 

Differential wideband low-level measurements - 
1000: 1 CMRR at 50 MHz - 1 mV deflection 
factor - probe signal paths may be matched to 
an unusual degree - risetime 3.5 ns - DC-100 
MHz bandwidth. 

Fast risetime performance into low source imped- 
ance - largest dynamic signal range - rugged - 
low cost - high DC resistance - least susceptible 
to overload - small size - 1.2 ns risetime - DC- 
290 MHz bandwidth. 

Very low capacitance (<I pF) - minimum phase 
shift with frequency - length not critical - no 
capacitive loading from AC coupling capacitor - 
small size - loads source with 1 KS2 - low cost - 
2.5 ns risetime - DC-140 MHz bandwidth. 

Probing Considerations 
Select the lowest impedance test point which provides a useful wave- 
form. Although the input impedance of a probe is made as high as 
possible, i t  still will always have some finite effect on the circuit 
under test. 
Probe loading effects can be minimized by selecting low-impedance 
test points. Usually, cathodes, emitters and sources should be chosen 
in preference to  plates, collectorsor drains; and inputs to high imped- 
ance dividers in preference to  mid-points. Circuits with low resistive 
peaking or compensation often produce displays which are difficult 
to evaluate properly in  high-speed pulse work. It's often preferable 
to make current measurements than to atrempt an accurate evalua- 
tion of inductive circuit voltage waveforms because of the effect of 
the probe input capacitance. 
Timedelay differences must be considered, particularly in phase and 

time coincidence measurements, and differential applications. Low 
impedance probes minimize these problems and high-speed differen- 
tial probes are capable of matching probe characteristics to a high 
degree 
When using low impedance probes keep in mind the resistive load- 
ing of the probe. For example, i f  observing the 1 volt 1 %, 250S2 1 % 
calibrator output of the Type 454 with the 1 kSL P6048, correct cal- 
ibration is indicated by a CRT display of 0.8 volts. 
Grounding practices should always be kept in mind, particularly in 
high impedance probe applications. Using as short as ground path as 
possible (preferably coaxial adaptor or short bayonet connector) 
will minimize the effect of series inductance to the probe input. 
And, of course, in all probes that have variable compensation adjust- 
ments, check your compensation! 



" Requires 50.Q termination. Valid for pulse mea-suremeit only. 
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Risetime is the time required for a transition from one 
level to another. For a more useful concept it is defined 
as the amount of time from 10% to 90% of the two 
levels. As circuit and pulse speeds increase, the physi- 
cal limitation at which the risetime can change be- 
comes significant. ( I t  takes a finite amount of time for 
current to charge the capacitance in order for the 
change to take place.) 
The diagram on the left illustrates the concept of rise- 
time as it is applied to a universal RC curve. Note it i s  
2.2 RC time constants from 10% to 90% on the RC 
curve. Thus a fundamental limitation in the formula- 
tion of risetime is i t  cannot be faster than 2.2 RC. 
An example of the physical limitations that 2.2 RC 
can have on a circuit i s  the risetime of the Type 454. 
The risetirne of the Type 454 without a probe is 2.4 ns. 
Because the risetime of the Type 454 with the P6047 
probe is also 2.4 ns, the P6047 would appear to be a 
0 risetirne probe. The diagrams illustrate why the 1.2-ns 
P6047 has this effect on the Type 454. (Although the 
computed risetime of the P6047 i s  1.03 ns, the speci- 
fied risetime is 1.2 ns). 

It i s  necessarv to find t, vert since 2.2 RC of the source 
i s  a significant portion of the display risetime. 

tr display =7/tr  vert2 + tr probe2 + tr source2 

tr vert =7/tr  display2 - t r  - tr source2 
Once tr vert is obtained, tr probe may be found as 
shown below. 

tr probe =-\/ tr display2 - tr vert2 - t r  source2 

Note, decreasing the amount of capacitance the source 
must charge from 20 pF to 7 pF decreases the source 
risetime limitation by a factor of = 3 (1 .I ns to 0.39 ns). 
This then allows the addition of an extra element (the 
probe) with no decrease in observed risetime. 



it is a very low-capacitance device, even the 2.3 pF of 
s the FET probe is more than the circuit can stand. 
Ii 

Here a high-frequency clip-on current probe such as the 
P6020 is an excellent way to make the measurement. 
This current probe adds approximately one pF (approxi- 
mately the same capacitance as the 1-kR probe), but 
there is no resistive component and the very low inser- 
tion impedance does not disturb the circuit. Further, 
the probe can be connected to the ground or B +  side 
of the load resistor, thus isolating the capacitance effect 
almost completely. Figs 2 and 3 show the P6020 current 
probe connected in this manner. 

The reflection impedance of the P6020 current probe is 
negligible unless inserted in a low-impedance circuit 
(below z 5 5) or using several turns through the slot. 
(Additional turns are sometimes used to increase the 
probe sensitivity, but since the inductance varies as the 
square of the turns, insertion impedance quickly becomes 
significant.) In  the case presented above, where the 
impedance is 5 k0, if you know the collector impedance, 
you can obtain all the information by current measure- 
ment that a voltage probe can obtain. This method 
almost completely eliminates probe loading as an error 
factor. 

Source Impedance and Risetime 

The chart on page 6 clearly shows the effect of source 
impedance on the oscilloscope display. The  P6047 is 
the high-speed miniature probe that is included with the 
Type 454 oscillosco~e. This particular probe is the 
passive 10X high impedance probe evolved to the highest 
state a t  Tektronix. Note that of all the probes on the 
chart, the P6047 has the fastest risetime which is 2.4-ns 
(including the Type 454) at 25-12 source impedance. 
A 10 MR, 10 pF characteristic ( 7  pF at 100 MHz) 
makes it an excellent choice for 2 areas of application. 
The 10 Mn resistive component minimizes DC loading 
and its high speed termination provides a 2.4-ns display 
when used with a low impedance source (50 0)  . This 
probe is particularly well-suited for high amplitude sig- 
nals and is rated at 600 V. I t  is an excellent choice for 
a general-purpose probe. 

The nest curve shows the P6045 field effect probe with 
1X attenuation. Its impedance characteristics are 10-MR 
input resistance with 5.5pF input capacitance. The  
slope of this curve is flattened out indicating that it is 
more useful as source impedance increases. This probe 
is a unity-gain probc which allows a 10X increase in 
sensitivity (compared to a conventional 10X probe) 
with less capacitance. A design choice is available, when 
designing an FET probe, of low noise vs low capaci- 
tance. T h e  designer can place an attenuator (usually 
3-5X) in front of the FET and sacrifice noise per- 
formance for lower input capacitance. The  P6045 does 

not make use of an attenuator in front of the field- 
effect transistor in the probe and thus excellent noise 
performance ( < 1.5 mV at 230 MHz) results. This 
compromise, while it results in additional tip capaci- 
tance, increases the versatility of the probe. Low capaci- 
tance performance is still available by using a 10X 
or 100X attenuator. 

The  next curve on the chart is the P6045 with its 10X 
attenuator offering an impedance combination of 10 MR 
and 2.3 pF. Note this curve is appreciably faster than 
the P6045 1X curve, keeping 3j/2-ns performance well 
out into 4 5 0 4  source impedance. Here the usual 10X 
attenuation factor is present, but the capacitance is 
reduced to a value of 2.3 pF. 

The P6045 with the lOOX attenuator presents a 10 M 0 ,  
1.8pF impedance to the circuit under test. Note the 
difference that only 0.5 pF  can make in this area of 
measurement by comparing it to the 10X curve. We 
now obtain 3.5-ns operation out to nearly 600-0 source 
impedance. Also, the curve is now becoming less and 
less reactive as indicated by the nearly straight line. 

The blue line on the chart indicates the recently in- 
troduced P6048 passive low-impedance probe. This 
probe presents the source with 1 kR and less than 1 pF  
input capacitance. This curve is quite flat with increas- 
ing source impedance, and is very useful in high-speed 
circuitry where low source impedance is commonly used. 

The P6035 lOOX probe with 50-r? termination presents 
the flatest response of all. This curve is marked with an 
asterisk since it requires a 50-a termination on the 
front of the oscilloscope. There will be reflections due 
to the 20 pF input capacitance when used with a fast 
source, but this is still a very useful means of observing 
fast pulses. The reflections may be moved away from 
the point of interest by using additional high quality 
50-r? cable as shown on page 4. 

Summary 

No single probe discussed in this article is the best for 
all applications, but all of the probes discussed are 
good for specific applications. I n  addition, Tektronix 
is continually striving to develop additional probe 
capability to make existing instruinents more versatile. 
I t  is still necessary, however, for the user to determine 
the characteristics of his measuring circuit as closely 
as possible. He may then select from the various probes 
available to obtain the minimum circuit loading for 
his measurement. 



Tektronix field engineers spend a large amount of their 
time at  customer locations teaching the proper opera- 
tion and maintenance of Tektronix products. I n  addi- 
tion, Tektronix field engineers provide local training at 
the field office to accommodate customers with common 
requirements. Oftentimes, however, there is a need for 
in-depth training that cannot be fully accomplished 
locally. T o  meet these needs, Tektronix has established 
a program of factory training which is an  extension of 
Tektronix field engineering services. Customers who 
participate in this program attend classes at  the Tek- 
tronix customer training center located in Telitronix 
Industrial Park in Beaverton, Oregon. 

The  diverse courses offered vary from 2-4 weeks in 
length. Where possible, the courses are arranged so the 
customer may attend 2 or even 3 different consecutive 
seminars. 

Training a t  Tektronix has always had e~nphasis placed 
on the service aspect of Tektronix equipment and, there- 
fore, circuit theory is an important portion of the cur- 
riculum. The  emphasis on Tektronix training is circuit 
linowledge and each circuit is described and discussed 
thoroughly with particular attention on how the various 
adjustments affect circuit operation. The  objective is 
to familiarize the customer with all the checks, measure- 
ments and adjustments necessary for a given instrument. 
Each phase of each course ends with a theoretical 
trouble-shooting period, where a group discussion is held 
to discuss the various problems that specific faulty com- 
ponents could create. 

All Tektronix customer courscs make extensive use of 
instruments. The  laboratory and classroom arc brought 
closer together with the new Tektronix-designed class- 
rooms shown in fig 1. This unique classroom design al- 
lows the student to have a test scope, a scope under test, 



and signal generating equipment, all in a classrooin en- 
vironment. The instructor can present theory, instrument 
demonstration, instrument calibration, movies, slides, etc. 
without changing rooms. An added benefit is, while 
the theory of a particular point is being made, the practi- 
cal considerations may be monitored, since the scope is 
also present. 

The  first thing that the student is exposed to in the train- 
ing is a detailed operator course in which particular em- 
phasis is placed on the function of the knob. Which 
circuit is the variable in? \ \ k i t  does the knob control, 
and how? Tektronis, throughout the curriculum, relates 
theory to practical considerations. Thus, when the stu- 
dent encounters problems in his own facility, he has a 
broad background from which to draw conclusions. The 
intent of Tektroniu customer training is to have the 
customer trainee proficient enough to train other em- 
ployees when he returns to his facility. 

A staff of 6 full-time inst~uctors ensures thorough cover- 
age with a masimum of inch idual attention. Films are 
included in the curriculum and custoincrs are esposed 
to important topics such as C l i T  handling, sampling, 
squarewaves and transmission lines. Tests are held 
periodically allowing the st~ldcnt to keep aware of his 
progress. 

Informal "buzz" sessions are held where appropriate. 
For example, if the students are having the sweep cir- 
cuit presented to them, the instructor might a ~ l i  that all 
the students form into groups of two. One student 
then proceeds to esplain the circuit under discussion to 
the other. If at  any time he runs into any difficulty, an 
instructor esplains the problem and he continues. This 
active participation in circuit analysis does a great deal 
toward giving thc student confidence and retaining the 
new information. 

One of the greatest potential benefits of Telitronis fac- 
tory training is that it enables the trainees, upon return- 
ing from Tektronis, to instruct others in oscilloscope 
theory. As a result, customers who have technical train- 
ing programs in their own company or are anticipating 
need for them in the future, often send an  engineer, in- 
structor, or maintenance training specialist to receive 
this training. 

IVhen a customer student successfully completes all the 
material and passes the final esam, he receives a certifi- 
cate of completion. This certificate lists all the Tek- 
tronis products in which the student is proficient. 

There is no cost for Tektronis factory training courses 
and course materials. T h e  cost of transportation, lodging 
and meals is the customer's responsibility. Students are 
usually lodged in downtown Portland where numerous 
accommodations are available. This central location also 
provides escellent facilities for thc students' after-class 
recreation. In  addition, Tektronis provides a shuttle 
servicc between downtown hotels and Tektronis Indus- 
trial Park. 

T o  qualify for this program the trainee shoulcl have 
adequate background as indicated below : 

1. Knowledge of electronic fundamentals. 

2. Experience in calibration of high quality laboratory 
test equipment (previous contact with Tektronis 
instruments is recommended) . 

3. Minimum score of 70% in Tektronis entrance exam. 

If you are interested in the Tektronis factory training 
progranl, contact your local field engineer for course 
availability and assistance with lodging. The class 
schedule for the remainder of 1968 is shown on page 10. 



TYPICAL COURSE OUTLINE 

TOPIC OBJECTIVES 

Pulse System Technology Concepts fundamental to oscilloscope technology: pulse circuit theory, RC curves, compensated dividers, 
risetime vs bandwidth, etc. 

Semiconductor Circuit Review Semiconductor theory of circuits extensively used in oscilloscope systems: differential amplifiers, paraphase 
amplifiers, emitter followers, etc. 

Operators Course Familiarize the student with instrument capabilities in sufficient detail to instruct others. 

Power Supplies Theory of power supply operation: high and low voltage supplies, regulators, accuracies, tolerances, etc. 

Cathode Ray Tubes Understand the contribution of the CRT: mechanical considerations, unblanking circuitry, etc. 

Sweep Circuits Relate timing accuracy t o  linear operation of horizontal sweep system: understand Miller Integrator, delay- 
ing sweep theory, etc. 

Horizontal Amplifiers Understand contribution of horizontal system to accuracy: X-Y applications. 

V Amplifier and Delay Lines Understand fundamental relationships of sensitivity, stability, bandpass/risetime, circuit theory, etc. 
Plug-In Preamplifiers Acquaint the student with most popular plug-in units, practical explanations of calibration and adjustment 

checks. 

Calibration Instrumentation Acquaint thestudent with a variety of special Tektronix instruments used in calibrating instruments: mainten- 
ance and trouble-shooting practices. 

Laboratory Assignments Provide the student with working acquaintance of all instruments concerned: discussion of proper adjustment 
and calibration practices. 

F A C T O R Y  T R A I N 1  N G  
530/540/580 

1A1182 
S C H E D U L E  1968 

AUG 
July 29 - August 16 

Spectrum Analyzer 
1 L20/1 L301491 
August 12 - 30 

LABOR DAY - SEPTEMBER 2 

53015401580 
1A1182 

September 9 - 27 

Spectrum Analyzer 
1 L20/1 L301491 
November 4 -22 Oct 28 - NOV 22 

December 2 - 20 



Frank Williams, Tekt ronix  technician, checks an in-plant paging system w i t h  the Type 323. 

Semiconductors have made possible tremendous savings 
in weight, power, dissipation, size and reliability. The 
7-pound weight of the Type 323 compared with the 53 
pounds of the Type 512 is dramatic evidence of this 
trend. Equally as impressive is the 280 watts of the Type 

Nearly 20 years have passed since Tektronix introduced 
the Type 512 DC-2 MHz oscilloscope. At the time it 
was introduced, in May of 1949, it was advertised as a 
portable precision laboratory oscilloscope. Its triggered 
calibrated sweeps and high-gain DC-coupled vertical 
amplifier (it was the first DC-coupled Tektronis oscillo- 
scope) made it an immediate success and created new 
standards for oscilloscope performance. 

The SONY@/TEKTRONIX@ Type 323 makes an inter- 
esting contrast to the Type 512, since the electrical char- 
acteristics arc somewhat similar. Although most Type 
512's have long since been retired and replaced with 
newer Tektronix oscilloscopes, many remain in active use. 
A closer look at  the two instruments shows \ w y  clearly 
the trends and progress of the electronics industry o\zr 
the past 19 years. 

512 contrasted with the typical 1.6 watts of the Type 
323. The overall instrument size has decreased from 
4160 cubic inches to 320 cubic inches. In  addition, the 
Type 323 is much more reliable since it is solid-state 
with the exception of the cathode-ray tube. The chart 
on page 13 shows other interesting contrasts. 

Human engineering was one of the design goals that the 
Type 323 meets nicely. The Type 323 has only 7 front 
panel controls. The focus and intensity are located 
on top of the front panel since they are not used 
often. This simplifies front panel layout and minimizes 
accidental moling of controls. 

The SONY/TEKTIIONIX Type 323 contains the same 
high quality components and workmanship as Tektronis 
oscilloscopes and complements the product line nicely. 
Because the instrument is being marketed by Tektronis 



(outside of Japan and parts of Asia), it is necessary 
that the same support exists to ensure that Tektronix 
can meet the after-sale service commitment. As a result, 
the instrument manual, spare parts support, etc., are 
consistent with normal Tektronix practices. T h e  instru- 
ment uses plug-in transistors which allow easier and 
q~iiclier maintenance. I n  addition, consideration has 
been given for easy access to circuit boards. 

The  Type 323 may be powered AC, D C  or from its self- 
contained battery pack. The battery charge rate (full 
charge or  trickle charge) is selectable from the rear 
panel. T h e  battery pack and charger circuitry may be 
removed as a unit and operated independently of the 
instrument. This allows the Type 323 to be powered by 
a second battery pack while the first is being charged. 
I n  cases where the Type 323 is operating from an AC 
line the battery may be charged a t  full rate (16 hours) 
cvcn while the instrument is operating. The  16-hour 
charge rate ensures that the instrument may be used a 
full 8-hour day-yet it will be completely charged the 
nest morning. 

The Type 323 has a 3-inch C R T  that uses a very low- 
power direct-heated cathode developed by SONY for its 
+-inch television sets. The power required is 180 mM' 
and this d e s i ~ n  contributes to the 2-second warm-up time 
of the Type 323. 

Fig 1.  lnput and output connections are provided on the left side 
panel freeing important front panel space for operating controls. 

CHARACTER ISTICS 

Weight 

Power 

Size (inches) 

lnput RC 

Risetirne 

Bandwidth 

Deflection Factor 

Time Base 

Magnifier 

Differential lnput 

Vacuum Tubes 

F. P. Controls 

Environmental 

Price 

Fig 2. Response of the Type 323 t o  a fast-rise signal (.5 usldiv) 

Typical of some of the unique power-saving circuits is 
the vertical amplifier ou tp~ l t  stage. A power-saving 
circuit biases the Type 323 output amplifier at low 
current and senses signal frecpency. When high fre- 
quency signals are present, the sensing circuit increases 
bias so sufficient current is available to charge and dis- 
charge the CI iT  capacitance. In  addition, complemen- 
tary connection of the output transistors (NPN and 
PNP) minimizes heavy current flow. The  output is an 
exact reproduction of the input, and the technique 
saves considerable power at  high frequencies. 

The Type 323 does not have an edge-lighted graticule 
since power drain was a first-order design consideration. 
The  instrument requires less power, under most oper- 
ating conditions, than the graticule edge-lighting cir- 
cuitry used on Telctronis oscilloscopes. As a result a 
black, internal, non-illuminated graticule is used. 

TYPE 323 

Less than 7 pounds 

1.6 Watts (typical) 

4-1 14" x 7-1 14'' x 10-518'' 

1 M a  47 pF 

90 ns (high gain 130 ns) 

DC-4 MHz (high gain DC-2.75 MHz) 

10 mV (high gain 1 mV) 

5 usldiv-I sldiv (1 7 steps) 

X I  0 (fastest sweep .5 usldiv) 

N 0 

1 (CRT) 

7 

Yes 

$850 

TYPE 512 

53 pounds 

280 Watts 

16" x 13" x 22-718" 

1 M a  45 pF 

200 ns (high gain 400 ns) 

DC-2 MHz (high gain DC-1 MHz) 

150 rnV (high gain 5 rnV) 

3 uslcrn-.3 slcrn (10 steps) 

X5 (fastest sweep .6 uslcm) 

Yes 

44 

22 

N 0 

$950 



is used to supply the required current for high frequency operation. A feedback circuit senses the current the HF BOOST needs to supply for 
charging and discharging of the CRT capacitance at high frequencies. This unique circuit substantially reduces the power consumption of the 
Type 323. 

The sweep generator provides calibrated ranges from 

1 s/div to 0.5 ps/div (with an XI0  magnifier). A new 
automatic trigger circuit is employed that minimizes 
front-panel space, yet provides versatile trigger operation. 

The 4-MHz performance at 10 mV/div deflection factor 
(2.75 MHz at 1 mV/cliv) lllali~s the instrument an ideal 
choice as a field maintenance tool. Its 11 by 8 by 4-inch 
dimensions and 7-lb weight enable it to go nearly any- 
where. The Type 323 is designed to withstand shock, 

vibration: and wide \;ariatiom in temperature, alti- 
tude, and humidity since SONY/TEKTRONIX engi- 
neers realize portable oscilloscopes often encounter 
acl\wse en\.ironments. 

The price of the SONY/TEKTRONIX Type 323 in- 
cluding a P6049 10X attenuator probe with accessories 
is $850. Further details are included on pages 1-3 in the 
New Product Supplement to Tektronis Catalog 27 
( 1968). 

Sony/Tektronis, a jointly-owned Japanese sub- 
sidiary located in Tokyo, Japan, was formed in 
November of 1964. The rapid growth of the Japa- 
nese electronics industry in the early 60's resulted 
in licensing discussions with several Japanese firms. 
T h e  result of these discussions led to the forma- 
tion of a 50-50 joint venture with SONY. Both 
SONY and Telitronis have cross-licensing arrange- 
ments with Sony/Tektronis. 

Sony/Telitronis has responsibility for marketing 
of Tektronis and SONY/TEKTIIONIX products 
in Japan and parts of Asia. The marketing of 
SONY/TEKTIIONIX products in the U S .  and 

remainder of the world is handled by Tektronix, 
its marketing subsidiaries, and distributors. 

Sony/Tektronis is currently manufacturing several 
types of Telitronis instruments. These instruments 
maintain the same high Tektronix quality that is 
built into Tektronis donlestic instruments, but are 
built exclusively for the Japanese market. 

Sony/Tcktronis was created with an engineering 
capability to develop new instruments. This use of 
the two companies' en~ineering talent will allow 
products to be cle\doped that Telitronis or SONY 
would not de\dop alone. The Type 323 is the first 
instrument to be developed by Sony/Tektronix. 



Phillips-head screws come ~ c i t h  two 
kinds of slots these days, and the 
casual observer might never notice it! 
The newer type slot can be identified 
by four little lines on the head of each 
screic, located at the inside corners of 
the cross. See diagram at right. 

The  new slots permit screlvs to be in- 
stalled with less likelihood of the screw- 
driver slipping in the slots (cainming 
out) if driven with a new type Phillips 
scre~cdriver. The name for the ne\c 
slot and the new screlcdriver is POZI- 
DRIV, a Phillips registered trade name. 

TYPE 
1 

TYPE 1A 
(POSIDRIV) 

Old Phillips screwdrivers will work in 
the new slots but are more apt to slip. 
Phillips screwdrivers having the POZI- 
DRIV tip )$ill not fit in the old slots 
unless they are the wrong (smaller) 
size. Because screlcs may be tightened 
harder using the POZIDRIV slot and 
POZIDRIV screwdrivers, they may be 
particularly difficult to remove with- 
out the proper tip. 

The  u a y  to distinguish bet\\een an old 
screwdriver tip and the POZIDRIV 
bits is that the letters PZD appear on 
the POZIDRIV bits. 

Transistor Troubleshooting Hints 

Transistor defects usually take the form 
of the transistor opening, shorting or 
developing excessive leakage. The  best 
means of checking a transistor for these 
and other defects is by using a transis- 
tor curve display instrument such as a 
Tektronix Type 575. If a transistor 
checker is not readily available, a de- 
fective transistor can be found by sig- 
nal tracing, by making in-circuit vol- 
tage checks, by measuring the transistor 
resistances, or by substituting a known 
good component. 

When troubleshooting with a voltmeter, 
measure the emitter-to-base and emitter- 
to-collector voltages to d e t e r m i n e 
whether the voltages are consistent with 
normal circuit voltages. Voltages across 
a transistor vary with the type of 
device and its circuit function, but 
some of these voltages are predictable. 
The base-emitter voltage of a conduct- 
ing germanium transistor is about 0.2 V 
and that of a silicon transistor is about 
0.6 V. The collector-emitter voltage 
of a saturated transistor is normally 
0.2 V. Because these values are small, 
the best way to check them is by con- 
necting the voltmeter across the junction 
and using a sensitive voltmeter setting. 

If values less than these are obtained, 
either the device is shorted or no cur- 
rent is flowing in the circuit. If values 

are in excess of the base-emitter values 
given, the junction is back-biased or 
the device is defective (open).  

Values in excess of those given for 
emitter-collector indicate either a non- 
saturated device operating normally, or 
a defective (open) transistor. If the 
device is conducting voltage \\.ill be 
developed across resistances in series 
with it. If it is open, no voltage 
will be developed in resistances in 
series with it (unless current is being 
supplied by a parallel path).  

An ohmmeter can be effectively used 
to check a transistor if the ohmmeter's 

voltage source and current are kept 
within safe limits. 1% V and 2 mA are 
generally acceptable. Selecting the 1-k 
scale on most ohn~meters \till auto- 
rnatically provide voltage and current 
belolv these values. 

I f  the voltage and maximum output 
of a specific ohmmeter is in doubt, it 
should be checked by connecting the 
test leads to another multimeter before 
using it. 

The  table contains the normal values of 
resistance to expect \\hen making an 
ohmmeter check of an othernise un- 
connected transistor. 

Transistor Resistance Checks 

I I 

Ohmmeter Resistance reading that can be expected using the 
Connections1 R x 1 kR range 

Emitter-Collector High readings both ways (100 k n  to 500 kn, approx). 
Emitter-Base High reading one way (200 kQ or more). Low read- 

ing the other way (400 Q to 3.5 kR, approx). 

Base-Collector High reading one way (200 k n  or more). Low 
reading the other way (400 k n  to 3.5 ko ,  approx). 

'Test leads from the ohmmeter are first connected to the tronsistor and then the connections are 

reversed. Thus, the effects of the polarity reversal of the voltage applied from the ohmmeter to 

the transistor can be observed. 



USED INSTRUMENTS FOR SALE 

1-Type 1A2, SN 001328. Contact: 
Marion Paul, WFIE-TV, 11 15 Mt. Au- 
burn Road, Evansville, Indiana 477 12. 
Telephone: (812) 425-6201. 

1-Type 516, SN 154. Price: $825. 
1-Type 551, SN 3247. Price: $1250. 
Both in very good condition. Contact: 
Henry L. Gorgas, Exact Electronics, 455 
S.E. Second Avenue, Hillsboro, Oregon 
97123. Telephone: (503) 648-6661. 

1-Type 513D, SN 799. In very good 
condition. Contact: David Felt, Electra- 
Design Labs, 4406 Center Street, Omaha, 
Nebraska 68105. Telephone: (402) 553- 
4218. 

1-Type 524AD, SN 2078. In good 
condition. Contact: Sid Chodun, 19325 
West Nine Mile Road, Southfield, Michi- 
gan 48075. Telephone: (313) 353-8070. 

I-Type 504, SN 002221. Price: Under 
$100. In good condition. Contact: Dr.  
Boyle, Fitzgerald Mercy Hospital, Lands- 
downe Avenue, Darby, P e n n s y l v a n i a  
19023. Telephone: 586-5020, ext. 2286. 

I-Type RM15, SN 002073. Price $500. 
In good condition. Contact: Bob Burig, 
11 2 Hershey Drive, McKeesport, Pennsyl- 
vania 15130. Telephone: (412) 673- 
4845. 

1-Type P Plug-In and 2-Type P6008 
Probe Sets. Contact: H.  R.  Greenlee, 430 
Island Beach Blvd., Merritt Island, Flor- 
ida 32952. Telephone: (305) 853-9542. 

I-Type 81 Plug-In Adapter for 580 
series, SN 5795. Price: $100. Like new. 
Contact: Y. J. Lubkin, 84 Beacon Hill 
Road, Port Washington, N e w  Y o r k  
11050. Telephone: (21 2) 286-4400. 

1-Type 547. Price: $1,593.75. 1-Type 
1Al Dual Trace Plug-In. Price: $531.25. 
1-Type 535A. Price: $1,190. 1-Type 
CA Plug-In. Price: $233.75. '-Type 
2022 Scope-Mobile@ Carts. Price: $234. 
50. Contact: F. H.  Gable, 12808 Coit 
Road, Dallas, Texas, 75230. Telephone: 
239-261 1. 

1-Type 500/53A. Price: $55.00. 1- 
Type CA. Price: $125. 1-Type 190B. 
Price: $150. 1-Type C R T  154-0265-00. 
Price: $35.00. Contact: Multisonics, Inc., 
Post Office Box 197, Alamo, California 
94507. Telephone: (415) 837-5238. 

1-Type 51 1AD. Price: $50. Contact: 
Albert Pratt, 114 West Lake View, Mil- 
waukee, Wisconsin 532 17. 

I-Type 51 1AD DC-10 MHz. Complete 
good working order. Price: $195. Con- 
tact: Monroe McDonald, 4130 Shore- 
crest Drive, Dallas, Texas 75209. Tele- 
phone: (214) 352-1564. 

1-Type 524AD \vith cart and 5-inch 
CRT.  Price: $600. Used very little. Con- 
tact: Padway Aircraft Products, Inc., 
11040 Olinda Street, Sun Valley, Cali- 
fornia. Telephone: 875-1740. 

I-Type 545A, SN 27745; 1-Type L 
Plug-In, SN 9542; 1-Type IS1 Plug-In, 
SN 175; 1-Type 1Al Plug-In; and 2- 
Type P6006 Probes. Contact: Robert 
Green, Dielectric Products, Raymond, 
Maine. Telephone: (207) 655-4555. 

1-Type 535.4, SN 032925; I-Type B 
Plug-In, SN 020369; 1-Type C.4 Plug- 
In, SN 065832; and 1-Type 500-53.4 
Scope-Mobile@ Cart. Complete package: 
$2,000. All in excellent condition. Con- 
tact: W. N. Rushworth, Purchasing 
Department, Quebec North Shore and 
Labrador Railway Company, Sept-Iles, 
Quebec. 

1--Type 536, SN 001509; 1-Type T ,  
SN 001707; 1-Type H, SN 003158; and 
1-Type H,  SN 002573. Complete pack- 
age: $700. .411 in excellent condition. 
Contact: Mr.  Gatecliff, Tecumseh Pro- 
ducts, Inc., Research Laboratories, 3869 
Research Park Drive, .4nn Arbor, Michi- 
gan 48104. Telephone: (313) 665-9182. 

I-Type 321A, SN 4337. In  new condi- 
tion. Contact: P. C.  Miethke, 8910 
Santa Monica Blvd., Los .4ngeles, Cali- 
fornia 90069. 

1-Type 581A, SN 6059; and 1-Type 
82, SN 12479. Contact: Carl Bashem, 
Allen Aircraft Radio, 2050 Touhy Ave- 
nue, Elk Grove Village, Illinois 60007. 
Telephone: (312) 437-9300. 

1-Type 514D, SN 2689. In  excellent 
condition with new CRT. Contact: B. G. 
Carl, 11 128 Claire Avenue, Northridge, 
California 91324. Telephone: (213) 363- 
1216. 

1--Type 502, SN 1221, and 1-Type 
502, SN 00817. In good condition. Con- 
tact: William Brown, Applied Magnetics 
Corporation, 75 Robin Hill Road, Goleta, 
California 9301 7. Telephone: 964-4881, 
est. 55. 

I-Type 3S76, SN 3874. Contact: Dr.  
Charles Ladoulis, H a r v a r d  Medical 
School, 25 Shattuck Street, Boston, Mas- 
sachusetts. Telephone: (617) 734-3300, 
ext. 342. 

1-Type 561A/3S3/3T77/3A1/3B1/201- 
2. Contact: A1 Nelson, Nelson Instru- 
ments, Inc., 1586 South Acoma Street, 
Denver, Colorado. Telephone: 733-042 1. 

I-Type C12 Camera with 564 Bezel. 
Contact: Mr. Class, Lutheran Deaconess 
Hospital, 2315 14th .4venue South, Min- 
neapolis, Minnesota 55404. Telephone: 
(612) 721-2933, ext. 222. 

I-Type 315D. In good condition. Con- 
tact: Bruce Blevins, 176 Barranca Road, 
Los Alamos, New Mexico 87544. 

1-Type 561A/60/2B67. Price: $600. 
Excellent condition. Contact: Gene Har- 
len, 465 South 162nd, Seattle, Washing- 
ton 98148. Telephone: 243-4573. 

I-Type 1S1, SN 000643. Price: $975. 
New condition. Contact: Mr. Gagnon. 
Telephone: (415) 968-6220. 

1-Type 515A, SN 1346. Contact: Mich- 
ael J. Verrochi, Milton, Massachusetts. 
Telephone: (617) 698-5490. If no an- 
slver, contact: Margie Tanner, Tektronix, 
Inc., Waltham, Massachusetts. Tele- 
phone: (617) 894-4550. 

1-Type 517, SN 769, with Scope-Mo- 
bile@ Cart; 1-Type C. F. probe; and 
1--Type B 170 attenuator. Price: $600. 
Contact: J .  B. Taylor and Associates, 
1520 Broadway, Oakland, California 
94612. Telephone: (415) 832-4056. 

1-Type 515.4, SN 002588. All mods 
installed. Telephone: (2  13) 346-6071. 
after 6 p.m. 

1-Type 310.4, SN 21847. Price: $650. 
In very good condition. Contact: Frank 
A. Hayes, Red Hill Road, Middletown, 
New Jersey 07748. Telephone: (201 ) 
671-0271. 

1-Type 502, SN 6673. 2-Type P6017 
probes. 1-Type P6000 Probe. 1-Type 
500A Scope-Mobile Cart. Contact: Den- 
nis Moore, 698 Don Juan Street, Apart- 
ment 5, Colorado Springs, Colorado 
80908, Telephone: 473-0522. 

1-Type 541, SN 6916. 1-.Type 53/ 
54C, SN 17265. 1-Type 53/54B, SN 
9384. Contact: Carmine Iannucci, 
WNHC TV,  135 College Street, New 
Haven, Connecticut. Telephone: (203) 
777-3611. 

USED INSTRUMENTS WANTED 

1-Type 515 or 516. Contact: Enzo 
Scarton, 133 East Avenue, East Roches- 
ter, Ne~v  York 14445. Telephone: (716) 
872-2000, ext. 23050. 

1-Type 519. Contact: Oliver Osborne, 
15315 South Broadivay, Gardena, Cali- 
fornia 90247. Telephone: (213) 323- 
2443. 

1-Type 515:l. State price and condi- 
tion. Contact: P. Shipp, Professional 
Instruments Ltd., Box 477, Mount Ver- 
non, Ne\v York 10550. 

1--Type 190, 190B or 191 Signal Gener- 
ator. 190B preferred. Contact: Instru- 
ment Laboratories Corporation, 3 15 West 
Walton Place, Chicago, Illinois 60610. 
Telephone: (312) 642-0123. 

I--Type 540 or 530 series, and 1-Type 
C Plug-In. Contact: 1-1. R.  Greenlee, 430 
Island Beach Blvd., Merritt Island, Flor- 
ida 32952. 
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Al Zimmerman (Sampling and Digital Instruments) checks a connector pair with a high resolution in-line TDR setup. See fig 5b on page 5 

Al Zimmerman 

Program Manager, 
Sampling & Digital Instruments 

COVER 
Seven characteristics of state-of-the-art sampling are 
symbolized by samples of an oscilloscope display. 
From lower left: 3-mm connectors; Tektronix-develop- 
ed devices 6 - 4  chip, S-3 chip); 25-ps digital readout; 
3 sampling modes (random, sequential, and real-time 
sampling); the current line of Tektronix sampling 
heads; digital delay; and 35-ps risetime TDR. 

for more details. 

Development of a 25-ps (14 GHz) instrument, a line of "plug-in plug-ins", and realization 
of much of the potential of random sampling provide a new criterion for sampling meas- 
urements. These new developments in sampling circuitry and sampling packaging have 
combined to offer the user more versatility than ever before. 

The Type 3S2 Vertical Sampling Unit was announced at 
IEEE '68 with two plug-in heads-the Type S-1, 350- 
ps Sampling Head and the Type S-2, 50-ps Sampling 
Head. At WESCON '68, less than 6 months later, four 
more heads were introduced: the Type S-3, 350-ps high- 
impedance Sampling Head; the Type S-4, 25-ps Sam- 
pling Head; the Type S-50, 25-ps risetime Pulse Gen- 
erator Head; and the Type S-51, 1-to-18 GH7 Trigger 
Countdown Head. The latter two special-purpose heads 
are not capable of producing a display since they con- 
tain no sampling gate. 

Concurrent with these sampling heads, the Type 285 
Power Supply was designed to power the special-pur- 
pose plug-in heads in the event both vertical channels 
are required. Using these components, the user has a 
number of ways to combine the various heads for the 
most versatility from his sampling oscilloscope. 

A sampling oscilloscope makes use of a great deal of 
relatively slow-speed signal processing circuitry. The 
input to the signal processing circuitry is an ideal choice 
to apply the plug-in idea. These miniature (4% x lv4 x 
2 inch) sampling heads contain all of the high-speed 
circuitry which normally make up the front end of a 
sampling oscilloscope. Use of plug-ins allows the sam- 
pling oscilloscope to adapt and interface with much more 
versatility to the numerous signal sources available. 

@ 1968, Tektronix, Inc. All Rights Reserved 



Prior to the sampling head development at Tektronix, 
a typical sampling unit occupied roughly 75% of its cir- 
cuitry with the processing of slow speed signals (i.e. 
sampling-loop amplifiers, memories, dual-trace switch- 
ing, and the main vertical). As a result, when chang- 
ing from a 50-Q general-purpose sampler to a high- 
impedance sampler, or to a higher speed 5 0 4  sampler, 
nearly 75% of the sampler purchased was redundant 
circuitry. By creating a module which contains only 
those circuits which determine the input configurations, 
noise, sensitivity, and bandwidth of the sampler, these 
problems have been effectively solved with a degree of 
adaptability not possible before. This allows a wide 
range of operational characteristics by changing only 
the sampling head and not requiring the replacement 
of a complete plug-in vertical sampling unit. 

tionally to the rest of the oscilloscope. The nature and 
extent of the circuitry contained within the sampling 
head depends on whether it is intended for general pur- 
pose, low noise, high speed, 50 0, probe type, or other 
applications (i.e. trigger countdown or 25-ps pulse gen- 
erator). 

Because an individual sampling head represents a rela- 
tively small investment, both for the user and in terms 
of development cost for the manufacturer, there is more 
incentive to design heads and pursue additional per- 
formance trade-offs. The development costs of a sam- 
pling head are appreciably less than that of a complete 
vertical sampling unit. As a result, performance trade- 
offs may be pursued that were not economically feasible 
prior to the development of this concept. The table on 
page 4 shows some of the ~erformance characteristics 
A - 

Fig 1 shows how a typical sampling head relates func- for the current line of sampling heads. 

THE STATE OF 
THE ART 
I N  SAMPLING 564' 



Sampling heads may either be plugged directly into the 
larger plug-in unit or may be used remotely at the end 
of a 3 or 6-foot extender cable. The ability to put the 
sampling head right at  the measurement source allows 
dual-trace displays of signals originating at different 
locations-zuitkout interconnecting signal cables. Cross- 
talk between display channels is eliminated by the shield- 
ing afforded by completely separate sampling heads. 
The physical independence of the two channels further 
permits intermixing of head types so performance and 
input configuration may be matched to the particular 
measurement requirement. There is no longer the neces- 
sity of purchasing a dual-trace sampling unit if only a 
single-trace display is required. 

Signal losses in the cables used to interconnect a system 
can also be eliminated by using sampling heads on 
extender cables. This practice can result in significant 
savings in signal level at frequencies above 5 GH7. For 
example, both IIG8A/U and 1IG58A/U hate losses of 
well over 1 dB/ft at 10 GH7. 

Fig 3 dramatically illustrates the loss in amplitude 
when a 3-ft coavial cable transmits a 15-GH7 signal. 

Such losses are minimized by using extender cables and 
physically placing the individual head adjacent to its 
source. 

Type S-1 Clean Response/Low Noise 

The Type S-1 Sampling Head offers excellent transient 
response, low-noise characteristics, 50-Q input imped- 
ance, and low cost. The Type 284 Pulse Generator 
and the Type 3S2/S-1 provide the cleanest 350-ps re- 
sponse currently available. Its transient response is 
specified as +0.5%, -3% or less for 5 ns after tran- . . 
s~tion; t O . 5 %  after 5 ns (with Type 284 Pulse Genera- 
tor).  

Type S-2 High Speed/Low Cost 

The Type S-2 Sampling Head is a 50-Q, 5C-ps risetime 
unit with 7-GHz eq~~ivalent bandwidth. In this unit, 
the design compromise is faster risetime (at  the expense 
of noise and transient response) for an "economical" 
price. Unsmoothed noise is 6 mV and the transient 
response is t 5 %  for the first 2.5 ns and t 2 C / o  there- 
after (with Type 284 Pulse Generator). 

1 SAMPLING HEADS 
- 

I 

TY pe Risetirne Equivalent Trigger Noise Input Z Input Price 
Bandwidth Pick-Off (Unsmoothed) Connector 

S- 1 350 ps 1 GHz Yes 2 mV 50R GR874 $250 
S-2 50 ps 7 GHz Yes 6 rnV 50R GR874 $300 
5-3 350 ps 1 GHz No 3 mV 100 k R  2.3 pF Probe $375 
5-4 25 ps 14 GHz Yes 10 mV 5 0 a  3 mm $750 

NON-SAMPLING HEADS 

Type ~escriptibn Output Connector Price 

5-50 25-ps risetime, tunnel-diode pulse generator 3 mm $450 
5-51 1-18 GHz trigger countdown 3 rnm $425 

PLUG-IN VERTICAL UNITS 

Type Remotely Physical program- Adjustable Inter- Real Time Price 
Programmable Configuration Connector channel Delay Sampling 

3s 1 No Non Plug-In None No Yes $1 150 
3S2 No Plug-In None Yes Yes $ 800 
3S5 Yes Plug-In Front Yes Yes $1450. 
3S6 Yes Remote Rear Yes Yes $1 450 

PLUG-IN HOR~ZONTAL UNITS 

Type Type of Sampling Sweep Delay Remotely Jitter Price 
Programmable 

3T2 Random, Sequential Up to 5 cm on any timeldiv N o 30 ps $ 990 
3T5 Sequential, Real Time 999.9 ns in 100-ps increments t Yes 30 ps $1550 

9.999 ps in I-ns increments Digital 
3T6 Sequential, Real Time 999.9 ps in 100-ns increments Yes 30 ps $1550 
3T77A Sequential Only Min 100 divlvariable No 50 ps $ 690 

OSCILLOSCOPE MAIN FRAMES 

Type Storage Digital Readout Price 

561A N o N o $ 530 
RM561A No No $ 580 
564 Yes N o $ 925 
RM564 Yes No $1 025 
567 No Yes S 750 
RM567 No Yes $ 850 



Type S-3 High-Impedance Sampling Probe 

The  Type S-3 Sampling Head employs a unique design 
approach for an acti1.e sampling probe. A 50-kR resistor 
provides two times attenuation and is designed as an 
integral portion of the probe. The  first stage of the 
sampling preamplifier (an  F E T  stagc) is physically 
located in the probe itself. These improvements result 
in a larger voltage signal from the sampler with an 
improved signal-to-noise ratio. 

A portion of this impro\.cment is traded off for other 
advantages. This approach, ho\vever, still has four 
major advantages. ( 1 ) Morc rugged mechanically. 
Screw-on attenuators. (2)  Morc rugged electrically. The  
5 0 - k ~  series resistance limits the current for diode 
protection. 100 V DC may be applied to the probe tip. 
(3) Since the source impedance is isolated by the 50-liR 
resistor, varying the source impedance has much less 
effect on the sampling bridge than conventional sam- 
pling probe designs. (4 )  The  built-in attenuator auto- 
matically reduces any kickout that the balanced bridge 
may still l~a\.c. 

Type S-4 25-ps State Of The Art 

The Type S-4 provides state-of-the-art salnpling per- 
formance with its 25-ps, 14-GHz performance. This 
unit introduces the first use of a 3-mm (mates with 
OSM@)~  connector used on an  oscilloscope. The Type 
S-4 is specified with less than 10 mV of noise (un- 

smoothed) and a transient response as obselvccl 
wit11 the S-50 25-11s iisctilne Pulse Generator. Fig. 5 
illustrates the 'I')pc S-4 Sampling Head and the Type 
S-50 Pulse Genelator Head used in a Type 3S2 for a 
high-resolution T D l i  ineasuremcnt. 

'I'he user is assulecl of mole sampling head types e\ol\ ing 
because of the i elati\ ely low de\ elopment cost associated 
with t l ~  head In  addition, development times are 
sho~ te r  since only the input characteristics ale being 
chanqecl These two factors, combined with the de- 
\elopment of new de\ices, offer plon~ise of an  e \ en  
wider line of 1 x 1  fol 1nanc.c tlacle-offs in the futuie With 
each adLance in measuiemcnt technology, new heads 
can be added quickl) to extend pelformance or con- 
\cnience featuies The  cuilent family of existing sam- 
pling heacls is an excellent cvample of the speed with 
\\ hich tlrcsc. new l~eads may be de\ eloped. 

Random Sampling Eliminates Need 
For Signal Delay Lines 

The  introduction of the 3T2 Random Sampling Sweep 
Unit in 1967 prol.idec1 the impetus to develop the sam- 
pling head concept. Prior to this time, sampling oscillo- 
scopesoffering internal triggering used trigger pick-off 
circuitry and delay lines to develop the necessary pre- 
trigger. Two compromises were involved: ( 1 ) There 
was always some signal degradation since the signal 
passed through the delay line element; and ( 2 )  input 

Fig 2. Transient response of Type S-1 and Fig 3. Signal loss due to 3-foot coaxial cable Fig 4. Type S-3 Sampling Head. 
Type 284. Vert: 50 mV/cm. Horiz: 2 ns/cm. at 15 GHz. Vert: 100 mV/cm. Horiz: 50 

Fig 5a. In-line TDR system. Fig 5b. Discontinuity from Connector pair. Fig 5c. Maximum amplitude resolution. 

Fig 5. The in-line TDR system i s  particularly well-suited for studying discontinuities in short, 
high-quality transmission systems. The Type S-50 Pulse Generator propagates the pulse down 
the test line until it encounters the point discontinuity which reflects energy to the generator. 
The short circuit source impedance (3 R )  of the TD generator re-reflects the energy back 
through the test line into the sampler for observation. Signal-to-noise considerations are opti- 
mized since the full 400 mV of the pulse i s  available. Fig 5c shows an observed p (reflection 
coefficient) of 0.004 which corresponds to a shunt capacitance of 0.008 pF. Fig 5d shows two 
discontinuities separated in time by 40 ps (80 ps displayed) or a distance of 8.4 mm in a solid 
Teflon* transmission line. Fig 5d. 40-ps time resolution. 

t Registered trademark of Omni Spectra, Inc. 
* Registered trademark of DuPont 



Fig 6. Type S-4 and Type S-50, 35 ps dis- 
played risetime. Vert: 100 mV/cm. Horiz: 
20 pslcm. 

Fig 7. Multiple Exposure. The random mode 
allows observation of the leading edge with- 
out delav lines or pretriggers. Vert:100 mV/ 
cm. ~ o r i z :  10 ns/&n. 

impedance levels were restricted to a low impedance 
transmission-line approach since high-iinpedancc delay 
lines are impractical. As a result, when using 100-kQ 
sampling probes, there was no incans of internal trig- 
gering. In  addition, sampling oscilloscopes with rise- 
times faster than ~ 3 5 0  ps did not offer internal trig- 
gering because of the absence of the signal delay line. 

The availability of the Type 3T2 Itandom Sa~npling 
Sweep Unit has clirninatccl these rest~ictions. Its unique 
random-sampling circuitry alzua)~s a l l o ~ s  observation 
of points p7 io7 t o  t h e  t ~ i g g ( v i n g  t7ansition it self. Ilepencl- 
ing on the sweep rate of the display, microseconds, or 
even milliseconds of time prior to the triggering event 
can be observed! This is an arno~mt far greater than any 
conventional real-time oscilloscope can provide. With 
high-impedance probes, the advantages of internal trig- 
gering are present (although a separate trigger probe is 
required) since the user can monitor points in timc 
before the trigger occurs. At the same time, it is possible 
to view 25-ps signals with the Type S-4 Sampling Head 
without pretriggers. 

The development of the Type 3T2 Random Sampling 
Sweep U i ~ i t  was a major factor in initiating dcvelop- 
mcnt of the plug-in head concept. Once random sam- 
pling had been developed, it was tlzcn possible to con- 
sider a modular design approach without the use of 
delay lines, and still provide the advantages that internal 
triggering offers. Eliminating signal delay lines removed 
a major system bandwidth limitation and contributed 
markedly to size and weight reductions. At the same 
time, the problem of aberrations due to skin effect, 
dielectric losses of the delay lines, and cornpensation 
circuits were automatically eliminated. 

Variable Interchannel Delay 

Variable interchannel delay is a feature of the Type 
3S2 Plug-In that has not before been available. The  

Fig 8. Multiple exposure of 100-ps and 35-ps 
TDR systems. Vert: 5% ( p  = 0.05)Icm. 
Horiz: 50-pslcm. 

user now has the ability to \a1 y the delay of one channel, 
zk5 ns, to ensure exact coincidence of time relationships. 
Minor manufacturing tolerances, probe differences, sig- 
nal paths, transmission lines, etc., may now be exactly 
matched to allow more precise time comparisons. 

This feature is of particular value when a high-imped- 
ance sampling head and a 50-1? sampling head are used 
together (cable transit times are different), or when dif- 
ferent length extender cables are required. In  addition, 
it ensures optimum X-Y displays when the sampler is 
used in the A vertical, B horii.onta1 mode. 

Digital Sweep Delay 

The  development of digital delay in a sa~npling tirne- 
base unit, Type 3T5/3T6, offers a new versatility for 
oscilloscope users. I t  is now possible to dial in an exact 
delay over the range of 100 11s-999.9 1.1s (see fig 10) . 
This delay is generated by incorporating a clock and 
digital counter to ensure a precise jitter-free display 
whose stability is not a function of the delay time. This 
technique allows the Type 31'5/3T6 to maintain its 
basic 30-ps jitter specification with delays of up to 1 ps. 

Programmable Sampling Units 

T h e  availability of the Type 3S5 and Type 3S6 Pro- 
grammable Sampling Units provide a new capability 
for use with the Type 568/230 Digital Readout System. 
Plug-in sampling heads present maximum interfacing 
flexibility when signal sources require a different sam- 
pling head. The  systems user is assured of maintaining 
maximum versatility since the systems limitation is basic- 
ally determined by the sampling head characteristics. 

T h e  Type 3S5 and Type 3S6 offer digitally program- 
mable control of deflection factor, D C  offset, polarity, 
and smoothing. 27 program lines using negative logic 
(true = ground or < 2 V - false = open or > 6 V)  are 
required to program all nleasurement functions. 



Fig 9. Simpli f ied block diagram o f  digital delay circuitry. 

1 DIGITAL DELAY RANGE 1 
Delay Range 

999.9 ns 

9.999 ys 

999.9 ys 

Fia 10. 

Increments 

The Type 3S5 and Type 3S6 have identical electrical 
characteristics. The Type 3S6 has all connections, in- 
cluding remote sampling heads on the rear panel, while 
the Type 3S5 provides all connectors on the front panel. 

The Type 3T5 and Type 3T6 Programmable Sampling 
Sweep Units provide a wide range of digitally pro- 
grammed functions. Timeldiv, delay time, and samples/ 
sweep are remotely programmable (true = ground or 
< 2 V - false = open or > 6 V)  , or controllable from 
the front panel. The units are programmable over the 
wide range of 100 ps/div to 500 ms/div in 30 calibrated 
steps. Iieal-time sampling is used over the range of 1 ms/ 
div to 500 ms/div. 

A new automatic trigger mode has been included in the 
Type 3T5 and Type 3T6 to eliminate the need for trig- 
ger adjustments as trigger amplitudes, repetition rates, 
risetimes, and pulse widths vary. 

The Type 3T5 and Type 3T6 have identical electrical 
characteristics. The  Type 3T5 has a program connector 

and trigger input on the front panel while the Type 3T6 
provides these connectors on the rear panel. 

Real-Time Sampling 

The Type 3S2 can provide 100 kHz pulses to each 
sampling head independent of the real-time time base 
unit. When the Vertical Sampling Unit is switched to 
the non-sampling position and a conventional time base 
unit inserted, real-time internal triggering is available. 
The real-time sampling mode is limited to approximate- 
ly . I  ins/div since faster sweeps will begin to make the 
10ps clock segments objectionable. Thus. signals ex- 
ceeding 20 kHz are seldom viewed in this mode. 

Real-time Sampling offers slower sweep rates with the 
full bandwidth of plug-in sampling heads. The char- 
acteristics of interest this mode offers are: 

(1 )  Slow sweeps with full bandwith 

(2)  lieduction of random noise through smoothing 

(3)  DC offset capability with excellent overload re- 
covery 

Conclusion 

The sampling head concept has brought a shift in design 
effort toward the front end of the sampler, where it 
really belongs. In addition, there has been a reduction 
in the total number of sampling plug-in units required 
for the designer to be attentive to the instrumentation 
needs of tomorrow. 

These developments, combined with the options of digital 
readout, high resolution low-cost storage, random sam- 
pling and progranlmablc units, offer the user more 
versatility at  lower cost than ever before. 



A unique sampling gate eliminates risetime dependency upon strobe width. This new development 
offers the highest speed sampling system to date and offers promise for even faster gates. 

George Frye 
Project Engineer, Sampl ing 

Fig 1 shows a section of delay line with switches inserted 
a t  point A and point C. A nonloading voltmeter placed 
a t  point B, measures the average of the voltage between 
the switches when the switch section is opened. When a 
fast step is applied to the line and the switches then 
opened, the following observations may be made. 

If the step propagating down the line is at point A when 
the switch opens, 0 volts are observed. If the switches 
are reclosed and a second obser\.ation made at a later 
time, when the wavefront has reached point C, the 
voltage is 1. When the step is just entering the switch 
a t  point A, we observe 0 ;  if it is just leaving the switch 
a t  point C. we observe 1. Thus, we may state that the 
system 0-100% risetime is determined by the length of 
the switch section or C-A. Since we know the line has 
capacitance and voltage, we have effectively "trapped" 
a quantity of charge (Q=CE) .  If we now apply this 
concept to the model shown in fig 2, we can note some 
very important observations. 

T h e  model in fig 2 illustrates a simplified form of the 

new sampling gate used in the Tektronix Type S-4 
Sampling Head. Diodes replace the switches and instead 
of opening the switches simultaneously, we turn the 
diodes off one after another. Although it is a balanced 
system, only one half of the system will be described. 

The  leadin? edge of the strobe pulse turns the diodes 
on and the signal propaqates into the conduct in^ diodes 
and transmission line. The  diodes remain on for the 
duration of the strobe pulse, being turned off by the 
trailinq edge of the wale  shape. The strobe pulse is 
clesi~ned to be lonqer than the transit time between the 
diodes. 

Gate action begins ~vhen the strobe trailing edqe turns 
D2 off. At the same time, suppose a siqnal front enters 
through conducting diode Dl .  \\'hen the front reaches 
D2, it is off since the strobe arrived there prior to the 
front. The  signal front reflects and teaches D l  which 
is now off since the strobe trailing edge has preceded 
the front. Thus, the signal front has been effecti~ely 
trapped in the transmission line between the two diodes. 
Note, however, that the gate characteristics are deter- 
mined by the strobe trailing edge (only one transition). 



The conventional sampling gate must take the diode from a fully-off condition, turn i t  fully-on, and return i t  to  a fully-off condition. The time 
between the two fully-off conditions, ts, is the strobe width and determines the risetime of the system. I n  the Type S-4 gate, the diodes are 
fully-on as gate action begins, and only one transition is needed. Risetime is determined by the length of the transmission line as pointed out in  
the text. The conventional strobe for a fast samplinq qate is verv narrow since the strobe width determines the svstem risetime. The T V D ~  S-4 
uses a wide strobe and minimizes the problems inherent in narrow strobe generators. 

In this system, the 0-100% risetime is determined by 
twice the propagation time between D l  and D2, since 
both the front and the strobe must traverse the distance. 

The important points to note are the following: ( 1 )  
Only one transition is required for the gate action (gate 
action occurs from a fully-on diode condition to a fully- 
off condition). Using one transition offers substantial 
noise reduction possibilities. (2)  The risetime of the 
system is not dependent upon the strobe width. (3)  
The propagation time between diodes in this system 
( 8 ps) is much less than the strobe period of approxi- 
mately 200 ps. (4) Because the diodes currently used 
may be turned off in 5-10 ps, they do not present a 
significant risetime limitation. 

C J- SWITCH SECTION ' [ 0 

NON-LOADING VM 0 I 
B 

Fig 1. Delay-line section. 

SIGNAL 
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Fig 2. Simplified model o f  sampling gate for Type 5-4. 

Fig 3. 25-ps hybrid gate. 6 Tektronix-manufactured diode chips are 
placed on a ceramic substrate. The substrate is formed with slots 
(0.020) which remove high dielectric constant material near the di- 
odes t o  reduce shunt capacitance. The diode chips are set in place, 
extending over the slots, to  minimize lead inductance. DB is in the 
circuit t o  correct for signals capacitively coupled through the gate 
diodes when they are not conducting (blowby). 



A Wide Choice 
of Pulses 

Jerry Shannon 
Project Manager, 
Generators 

Tektronix' entry into the medium price 
general-purpose pulse generator market 
sets new performance standards, includ- 
ing total peak-to-peak aberrations of less 
than 3%. 

The Type 115 Pulse Generator was designed to meet 
the continuing requirement for a "clean" pulse gen- 
erator in the mid-frequency range (100 Hz - 10 MHz). 
By providing separately variable amplitude, width, 
period, D C  offset, risetime, falltime, and delay func- 
tions, the Type 115 offers a wide choice of stable pulse 
characteristics. 

The aberrations of the Type 115 are specified a t  +3', 
-3C/c, total 3% peak-to-peak. Fig 3, on page 11, il- 
lustrates a magnified view of the baseline and pulse 
top of both positive and negative pulses with each 
division representing 274 of P-P amplitude. Note, all 
aberrations are well within the 3% specification. 

The Type 115 has variable risetimes and falltimes (10 
ns-100 p )  which remain constant while varying pulse 
amplitude. The  amplitude may be varied from + 10 V 
(50 0 )  to t 100 mV without changing the risetime or 
falltime from its 5% t l  ns accuracy specification. In  
addition, the full range of t D C  offset is available to 
the user. A screwdriver preset is located on the front 
panel to allow D C  voltage offset to be preset. A front 
panel switch offers the choice of variable or preset DC 
offset. 

Considerable attention is given to front panel logic 
in the Type 115. An example is in the use of the term 

pulse period instead of pulse repetition rate to be more 
consistent with time-domain logic. This also helps the 
user to more quickly determine an error in setup (i.e. 
width greater than period). 

A unique burst mode provides output pulses as shown 
in fig 9. In this position, the delay control functions as 
a BURST DURATION control while the PEIiIOD 
control determines pulse repetition rate. This mode is 
convenient since only an external trigger is required to 
initiate the burst (gate waveshape is not required). 

The  Type 115 is a solid-state design which ensures 
optimum reliability and includes a short-proof power 
supply. Plug-in transistors have been used througho~it 
with the exception of high power transistors that re- 
quire the chassis as a heat sink. Output protection is 
a feature of the Type 115 and the output may be sub- 
jected to open, short, or inductive surges without dam- 
age to the instrument. 

The  Type 115 has been designed to occupy one-half of 
a standard 19-inch rack. Two Type 115 Pulse Genera- 
tors require only 5% inches of panel height when used 
with an optional rack adapter. Thus, the Type 115 is 
ideally suited for applications where space is at a pre- 
mium, whether a portion of a complex system, or in 
bench operation. 

The  price of the Type 115 Pulse Generator, including 
a 5-watt 5 0 4  termination and cable, is $825. Furthcr 
details are included on pages 15-16 in the New Prod- 
uct Supplement to Tektronix Catalog 27 (1968). 



Fig 1. Multiple exposure showing typical 
aberrations on positive and negative pulses 
with varying amplitudes. Horiz: 20 nslcm. 
Vert: 4 Vlcm. 

Fig 2. Multiple exposure. 7 V pulse with 10 
ns rise and fall showing offset capability of 
+5 V in 2.5 V increments. Horiz: 50 nslcm. 
Vert: 2.5 Vlcm. 

Fig 3. Composite photo illustrates + and -10 
V pulses (tr and tf 10 ns) with waveform 
top and baseline each magnified 50 times. 
Note that all aberrations are well within 3%. 
Horiz: 2 nslcm. Vert: 200 mV/cm. 

Fig 4. Multiple exposure showing variable 
risetime and falltime. Horiz: 500 ns/cm. 
Vert: 10 Vlcm. 

Fig 5. Multipleexposure illustrating PAIRED 
PULSES (upper) and DELAYED PULSE 
(lower) modes. Horiz: 50 nslcm. Vert: 25 
Vlcm. 

Fig 6. Minimum pulse separation. Horiz: 
20 nslcm. Vert: 2 Vlcm. 

Fig 7. Pulse burst from combined output of 
two Type 115's. The burst of pulses was 
triggered by the + delayed trigger from the 
instrument generating the pedestal. Horiz: 
10 pslcm. Vert: 2 Vlcm. 

Fig 8. GATED mode. Multiple exposure 
showing time relationship between external 
gate input (lower trace) and pulse burst. 
Horiz: 5 uslcm. Vert: 5 Vlcm. 

Fig 9. BURST mode. Multiple exposure 
showing time relationship between external 
trigger (lower trace) and pulse burst. Horiz: 
1 pslcm. Vert: 5 Vlcm. 

MIXING PULSE 
SOURCES 

Often it is necessary to mix two or more pulse gener- 
ators to obtain a desired pulse train. Fig 7 shows ( 2 )  
one complex waveshape that may be obtained by mix- 
ing two Type 115 pulse generators. Three simple rules 
will minimize problems when mixing sources. ( 3 )  

(1 )  Do not exceed the output voltage specification 

with the combination of pulse amplitude and off- 
set. (Type 115 specification + 10 V pulse t 5  V 
DC offset.) 

Use .5 multiplier to avoid exceeding the output 
voltage specification when mixing two generators. 

Use multiplier of .5 or .2  (provides hack termina- 
tion) or a power divider to minimize reflections. 
(Only important with fast risetimes.) 
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TYPE 1 I 5  PULSE GENERATOR CHARACTERISTICS 

FEATURE 

AMPLITUDE 
DC OFFSET 

RISETIME A N D  F A L L T I M E  
Wl D T H  

D E L A Y  
PERIOD 

G A T E D  
BURST 

P A I R E D  PULSES 
E X T E R N A L  TRIGGERING 
SINGLE PULSE 
M I X I N G  

TRIGGER OUTPUTS 

ABERRATIONS 

RANGE 

+_I0 V t o  2100 mV, 3 ranges continually variable 
55 V i n  3 ranges continually variable - ful l  range 
useable w i t h  any amplitude setting 
10 ns - 100 ps i n  4 ranges continually variable 
50 ns t o  500 ps i n  4 ranges continually variable 
(du ty  factor at least 75%) 
50 ns t o  500 ps i n  4 ranges continually variable 
100 ns t o  10 ms i n  5 ranges continually variable 
(m in imum pulse separation -50 ns) 
E x t  positive pulse required, 2 t o  20 V 
E x t  positive trigger required, 2 t o  20 V 

Separated b y  delay time, recur each period 
E x t  positive trigger required, 2 t o  20 V 
Manual push bu t ton  
See mix ing sources on  page 11 

+Pretrigger +2 V in to  1 kCL, +Delayed Trigger 
+2 V in to  1 k.Q 
+3%, -3%, 3% peak-to-peak 

GENERAL APPLICATION 

Threshold determination stimulation, linearity 
Baseline compatible w i th  i n p ~ l t  requirements 

Transient response testing 
Du ty  cycle appropriate for  system response 

Time-domain contro l  o f  event 
Frequency o f  event (clock rate) 

Generation o f  pulses coincident w i t h  gate duratior 
Generation o f  pulses during BURST D U R A T I O N  
initiated b y  e x t  trigger 
Resolution between events 
Method o f  external t ime  reference 
Single-event occurrence 
Algebraic sum o f  t w o  pulse generators - more 
complex waveshapes possible 
Init iate remote t iming functions 

More accurate determination o f  system response 
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Term 

Cable 
Air Line 

OPTIMIZING SYSTEM RISETIME 
The system risetime of a 1S2 may be 
improved from I40 ps to about 100 ps 
I I ~  a rather simple technique, if you 
can tolerate a 4-to-1 inc~ease in signal- 
to-noise ratio. Noise is usually a proh- 
lem only \\hen trying to see extremely 
lo\\, pel centage I eflections, and the ad- 
ditional time ~cmlution may I x  use- 
ful in other applications. Rho calil~ra- 
tion \\ill also be off by a factor of four. 
1. Connect a 20 cm GR air line (017- 

0084-00) to the volt step output. 

2. Attach a GR power divider (017- 

0082-00) to the end of the air line. 

3. Attach the cable or transmission line 
to be tested to one I~ranch of the 
po\\.er divider. 

3.. Attach a short length of high qual- 
ity cable hetlvcen the other I~ranch 
of the GR potvcr divider and one 
input to the 1S2. (Tektronis 2 ns 
calde, 017-0505-00, can Ix used with 
surprisingly little deterioration of 
response.) 

5. Attach a 50-ohm termination (017- 
0081-00) to the other 1S2 input. 

That's all there is to it. 

USED INSTRUMENTS FOR SALE dustries, 1015 Chestnut S t~ee t ,  Bur- Inlcadero Rd., Palo Alto, Califoinia 

1-Type 575 Transistor Curve Tracer. 
I n  good condition. Contact: I-Iolvard 
Mappen, Molded Electronics, Inc., 459 
East Main Street, Denville, New Jersey 
07834. Telcphone: (201 ) 625-0299. 

I-Type 524AD, SN 2710, and one 
Cathode Follo\ver Prol~e. Contact: Mr. 
Schatz, Bond TV, I-Iudson Boulcvard, 
Jersey City, Ne\v Jersey. Telephone: 
(201) 333-31 12, day; 434-6574, night. 

1-Type 570, SN 5508. Price: $500. 
In excellent condition. Contact: Guy 
Falcioni, Air Reduction Research Lalx, 
Murray Hill, hTe\v Jersey 07975. Telc- 
phone: (201 ) 464-2400, est. 283. 

1-Type 533A/535/541/545. Also, 2- 
prcanipsand complete 160-Series Gen- 
erators. Contact: 11. I'osner, Pacific 
Combustion E n g i n c c r i  ng  Company, 
5272 East Vallcy Blvd.. Los .4ngeles, 
(hlifornia. Telephone: (213) 225-6191, 

I-Type 560, SN 000358. 1-Type 50, 
SN 000250. 1-Type 51, SN 000268. 
(:ontact: Bol, Long, Bank Xciministra- 
tion Irs t i t~~tcc;  303 South North\vcst 
I-Iigli\\:iy, Park Ridge, Illinois 60068. 
Tclephonc: ( 3  12) 775-5344. 

1--Type 'LB67 Time-Base Unit. Price: 
$150. Used 1-t months. Contact: T .  R.  
Evans or 1'. A. 1,eemakcrs. Ikpartmcnt 
of C:he~nistry, \Ircsleyan University. 
h.Iicldlcto\\.n, Connecticut 06457. Tclc- 
phone: (203) 317-4421, cst. 379. 

1--Type 50-1, SN 001387. Used only 
once; three years old. (:ontact: James 
I<. Ste\\.nrt, Elcct~nnics. 1308 \Villiam 
l'lynn I Iiqhvay. Glcnslia\\-, I'cnnsyl- 
mnia 15 1 16. Tc,lcphone: 186-9797. 

1--Type C/\ Plug-In Unit. Pricc: $125. 
Contact: Mark Kramcr (:olort ran In- 

I~ank, California 91502. Telephone: 
(213) 843-1200. 

5-Type 533, SN 1075, 001568, 002139, 
002136, 002156. I-Type 561, SN 
00992. ]-Type 535.4, S?! 002184. 
6-Type Cry, SN 005528, 018803, 013- 
427, 009277, 013426, 023682. I--Type 
53/54E, SN 2220. I-Type I, SN 007- 
971. 3-Type 1-1, ST\: 003170, 003169, 
002970. 1--Type TU-2, SN 000791. 
2-Type 63, SN 000342, 000341. 2- 
Type 67, SN 000570, 001 118. 1-Type 
180A Time-Mark Generator, SN 007- 
013. Contact: \'ictor Fc~nrnosca,  Coin- 
p t e r  Systcnis, Inc., 2042 \Vcstnioreland 
Street, Richlnond. Virginia 23230. Tel- 
ephone: (703) 353-7856. 

I--Type 130 LC Meter, SN 40.5, [vith 
S30 Ilclta Standard. Price: $125. Con- 
tact: Mr. E. Silverman, Oak Park 
Tool cY: I)ic (loinpany. 8726 Sorthend 
;\\.cnuc, Oak Park, Michigan 48237. 
Tclrphonr: ( 3  13) 5-1-7-4688. 

I ---Type 52411, SN 7.50. Pricc: $4.50. 
(:ontact: Ray S\vallry, 55-14 North 
35111, Tncotna, \Vashin~gon 98407. Tclc- 
p11011~-: (206) 752-3544. 

I---Type 321, SN 00101-8 11-ith P6022 
1'rol)c. I'ricc: $450. Chntact: Miss 
Jcnscn. I<lectro-:\utosizi~i~ M a c h i n e  
Corporation, 140 \Voodland :\vcnuc, 
\\'cst\\-oocl, Sc\v J e w  y. Telephone: 
(201 ) 664-5540, 

I-Type 532. \\-it11 CA, B, I,. and 1120 
Plug-Ins. I'ricc: $2150 con~plctc. All 
units prrfcct and guaranteed. Contact: 
G. Crcil Translab Inc., 4740 Federal 
131vci., San liicgo, California 92102. 
Tclcphonc: (7  14.) 263-2246. 

I - - - T y ~ x  514, SN 1545. Contact: Steve 
Halnio, Nystrom Aviation, 1901 Em- 

94303. Telephone: (4 15) 327-7640, ext. 
17. 

1-Type 564, SN 2157. I-Type 3A1, 
SN 1410. 1-Type 3B4, SN 140, 2-- 
Type P6006. I-Type P6028. Price: 
$14.50. All in good condition. Contact: 
James \Y. Bro\vder, Ryan K. Aero- 
nautical Co., San Diego, California. 
Telephone: (714) 296-6681, est. 82-17 
or 824.8. 

I-Type 536, S N  260; I-Type 53/ 
54T. Price: $600. I-Type 502, S N  
2139. Price: $550. I-Type 504, SN 
908. Price: $250. I-Type 53/54E 
Plug-In. Price: $75.00. Contact: Eric 
W. Vaughan, The Superior Electric 
Company, Bristol, Connecticut 06010. 
Telephone: (203) 582-9561, 

I-Type 310, SN 4978. Contact: 
COMMSULT, Inc., 3355 Prarie, Boul- 
der, Colorado. Telephone: 444-5900. 

USED INSTRUMENTS WANTED 

I-Type 585A/82/1.42/1 A6. Contact: 
Mr. Ettingcr, Mark Chniputcr Systems, 
40 South Mall, Pl:tin\.ie\v, Nelv York 
I 1803. Telephone: (51 6)  694-9655. 

I-Type 575 Curve Tracer. Contact: 
Ilcrrick Lindsay, 13 B e e c h  ood Lane, 
\Vestport, Connecticut T e l e p h o n e  : 
(203) 227-5957. 

2-Type S Plug-In Units. In any con- 
dition. Contact: XIurray Goldstein, 
Scientific Components, 350 Hnrst St., 
Linden, New Jersey 07036. Telcphone: 
(201) 925-4022. 

I-Type 585. I-Type 82. Contact: 
I>onald A. Paris, '8 East Circle Drive, 
East Longmeado~v, M a s s a  c11 u se t t s 
01 028. 



Codes 
There are a numlxr of different color 
codes for capacitors. The  folio\\ ing 
summary should help you save time in 
identifying most of the capacitors you 
encounter. Different marking sche~nes 
are used mainly because of the varying 
needs the different capacitor types ful- 
fill. For instance, temperature coeffi- 
cient is of minor importance in an  
electrolytic filter capacitor, but very 
imoortant in ceramic trimmers for at- 
tenuator use. You never find tempera- 
ture coefficient (T,) on an electrolytic 
label, but ceramic trimmers always 
carry it. 

I. CERAMIC DISC CAPACITORS 
Often called "discaps" (that's the trade- 
mark of one manufacturer), ceramic 
disc capacitors are available in two 
categories: temperature compensating or  
class I, and "high-K" or class 11. T, 
types usually carry the capacitance in 
pF's directly. Tolerance may be shown 
in percent or by letter: 

Temperature coefficient is indicated 
by P100, which means 4-100 P/M/" C ,  
or N750 for -750 P/M/' C ,  N P O  for 
0 P/M/" C, NO30 for  -30 P/M/" C ,  
etc. All these T,'s have a tolerance, 
too. N P O  is usually 2 3 0  P/M/" C ,  
rvith looser tolerance on larger T,'s. 
T, tolerance is also looser on very low 
capacitance parts. 

"High-K" types list capacitance the 
same u.ay (o r  in pF) ,  and in addition 
sometimes use a multiplier scheme as 
f o l l o x ~ ~ :  102 for 1000 pF, 473 for 47,000 
pF, etc. Capacitance tolerance is shown 
as above, with the addition of P for 
G M V  ("guaranteed minimum value" or 
-0, +loo%),  and Z for -20, +80%. 
The temperature coefficient of these 
units is usually not linear, so only the 
nlasimum capacitance change due to 
temperature from the 25" C value is 
given. This is called the "temperature 
characteristic", a typical case being 

"Z5Un. This table explains the mean- 
ing of the n o r e  common temperature 
characteristic designations. Tempera- 

t r l r e  range 2 5 :  +l(JOC to +85OC 
over which Y5: -30" C to +85" C 
characteris- X5: -55" C to +85O C 
tic is effec- W5: -55" C to+125" C 
tive: 

D: r+3.3% 
Limits of capacit- E: 2 4 . 7 %  
ance change from F: -+r7.5% 
the room tempera- S: 2 2 2 %  
ture value: U: +22, -56% 

V: +22, -82% 

Thus "Z5U" means that temperature 
can cause the capacitance to increase a 

maximum of 22%, or decrease a maxi- 
mum of 56% from the room tempera- 
ture \value, \\ithin the limits of + 10" C 
and +85" C. 

Whether voltage rating appears on a 
disc depends on the manufacturer's 
practice. Most do not include it on  
their "standard" voltage rating, which 
is 1000 V for Sprague and RMC,  and 
500 V for Erie. Other voltage ratings, 
ho\vever, are printed on the capacitor. 

High-voltage ceramic discs and plates 
used at  Tektronix are of class I1 di- 
electric material, and carry labels simi- 
lar to the class I1 discs. 

11. CERAMIC TUBULAR CAPACITORS 
These units are usually lvhite enamel pacitance, and tolerance. T h e  smallest 
coated and have parallel radial leads. style sho\vs only capacitance and tol- 
"Dog bones" come in both class I and erance, and none can show the capaci- 
class I1 dielectrics and in several sizes, tance of a close-tolerance part to great- 
a t  least one being too small for a corn- er than two significant figures. T h e  
plete code of any kind. T h e  code con- more common examples are illustrated 
&ts of color do-ts lvhich show T,, ca- below. 

.. . . .. 

I I - lOpF 
Black +20?5 
W h ~ t e  110% 
Green 15% 

I Dots 111 & 121 descrlbe the TC. I I 

tolerance 
lOpF 

t 2 p F  
+ l p F  
t 5pF 

Example. Far NPO. (11 IS  black. 
(21 cr mirstng For Z5U. 11) I s  Dots 13) & 141 show the 1st & 2nd Dot 15) shows the mult tp l~er.  
brown. 121 I S  grey For Y5D. 111 ~19. fcgs., reprerentlng capac8tance black for no rnult, b rown for X10. 

IS slver. 121 IS brown. Std. RMA color code. red foi X100. etc 



Ill. BUTTON MlCA CAPACITO 
The most difficult aspect of under- 
standing the code on these parts is 
"where do you begin?" The sketch 
sho~vs that the first dot is keyed to a 
center terminal lug. 

Dot Meaning 

1. Identifier: Black, except omitted 
!\here capacitance must be specified 
to 3 significant figures. 

2. Capacitance: 1st significant figure 
in pF. 

3. Capacitance: 2nd significant figure 
in pF. 

4. Multiplier of Capacitance: black = 
XI,  bro\\m = XlO, red = X100, 
etc. 

5. Capacitance Tolerance: black = 
&200/o, silver = *lo%, gold = 
&5%. 

6. "Characteristic": black (means a 
temperature coefficient falling some- 
 there bet\\een -20 and +100/P/ 
M / O c .  

Note: The dots alitays read in a clock- 
\vise direction. 

IV. MOLDED MlCA CAPACITORS 
Color codes on this type vary, causing 
i n ~ ~ c h  confusion. There are t\\ o basic- 
ally different code schemes, one being 
"OLD", the other one being the EIA/ 
M I L  scheme currently in use. The 
sketch sholvs the difference. 

OLD 
Dot Meaning 
I. Capacitance: 1st significant figure 

in pF. 
2. Capacitance: 2nd significant figure 

in pF. 
3. Capacitance: 3rd significant figure 

in pF. 
4. Multiplier of capacitance. 
5. Tolerance: Black = *20% 

Silver = * 10% 
Green --. *5% 
Bro\vn = * 1% 

6. "Characteristic": B r o ~  n -- B 
Yellow = E 
Green = F 

EIA/MIL 
Dot Meaning 
1. Identifier: White if per commercial 

specification, black i f  per mil speci- 
fication. 

2. Capacitance: 1st significant figure 
in pF. 

3. Capacitance: 2nd significant figure 
in pF. 

4. Multiplier of capacitance. 
5. Tolerance: same as "OLD". 
6. "Characteristic": same as "OLD". 
Note: "Characteristic" in mica capaci- 
tors refers to the temperature coefficient 
and capacitance drift. 

If the button has no center lug termi- 
nals, the manufacturer tries to put the 
dots more on one side than out on the 
very edge; thus the code can be seen 
from one side only. 

1 2 3 
EIA STANDARD 
COLOR CODE 

, Black 0 
Brown 1 

Blue 
Violet 

White 

Char. T, 
(P/MIoC) 

B k500 
C f200 
D i100 
E , -20 to +I00 
F 0 to +70 

Drift 

V. DIPPED MlCA 
CAPACITORS 

These parts carry a printed label much 
like that on ceramic discs. They may 
include the characteristic letter ex- 
plained in the preceding table at left. 

VI. PAPER & FILM 
CAPACITORS 

Aluminum and Tantalum Electrolytic 
Capacitors: In almost all cases they 

carry printed or stamped labels con- 
sisting of capacitance, tolerance, and 
voltage rating. Other characteristics 
are either uninlportant or are reason- 
ably consistent in all capacitors of the 
same kind. 

VII. CERAMIC TRIMMERS 
The printed-on labels usually show ca- 
pacitance range and temperature char- 
acteristic. T C  reads the same as on 
ceramic discs. The tolerance on T C  of 
ceramic trimmer rotors is much looser 
than on fixed capacitors, for mechanical 
reasons. 

VIII. AIR TRIMMERS 
The same principle applies as in the 
case of paper and film capacitors. Only 
capacitance range need be indicated as 
T C  is essentially uniform in this type. 

Printed in U.S.A. S K D  10168 



k y  7E -iTh 'YE pt -p pb -Ff?!, 
Y2- % *s " *" '1 i 8; ~ ~ f - 4  -d *.+. - 1j &; $p f,q 

;$&b%- .e/ &&, 4 % ~  L j  .,s ".-p h - 5 h  

Tektronix, Inc., P. 0 .  Box 500, Beaverton, Oregon, U. S. A. 97005 

Editor: R. Kehrli Artist: J. Gorman 

This issue of SERVICE SCOPE discusses some of the state-of-the-art developments in sampling technology. Since the deveiop- 
ment of sampling by Janssen and Michels in 1950, Tektronix engineers have made a number of significant contributions to 
sampling technology. Listed below are some of the more important developments and the year in which they occurred. 

1960 Plug-in sampling unit converts conventional oscilloscope to sampling oscilloscope at modest cost. 

1962 High-quality delay lines allow internal triggering and the observation of signal leading edges. Miniature low capaci- 

tance, passive probes developed. 

1962 Digital readout introduced. 

1963 100-ps sampling introduced. 

1964 Low-cost, high-resolution storage combined with sampling. 

1965 Miniature high-impedance sampling probes introduced. 

1966 Wide-range sampling time base introduced, 10 pslcm to 5 slcm. 

1967 Random sampling eliminates need for signal delay lines. Allows viewing of up to 5 cm before trigger. 

1968 New sampling concept developed. 6 plug-in heads introduced. 25-ps sampling with 35-ps TDR. Programmable sampl- 

ing units, digital delay, and 3 rnm connectors. 

1969 MORE TO COME! 

SOMETHING NEW IN 
OSCILLOSCOPE CONNECTORS 

ITEM 
Cable, 2 ns 
Cable, 5 ns 
Attenuator, 2X 
Attenuator, 5X 
Attenuator, 1 OX 
Termination, 50 $2 
Adapter, M to M 
Adapter, F to F 
Adapter, M to 7 mm 
Adapter, M to N ( F )  
Adapter, M to G R 
Adapter, F to  GR 

A 3-mm (mates rvith O S ~ @ ) * l i n e  of connectors is currently 
stocked by Tektronix. When development of the 50-ps ( 7 -  
GI-Iz) Type S-2 Sanipling Head \vas completed, studies Icere 
undertaken to determine the best connector for higher-frc- 
quency sampling oscilloscope designs. .As a result, Tcktronis 
has standardizecl on the 3-mm miniature connector line for 
higher-frequency developments. 

This line of connectors offers the follo\ving advantages to the 
customer: ( 1 )  Operation a t  all frequencies u p  to 26 GI-Iz. 
Since the 25-ps S-4 Sampling Head represents 14-GHz 
response, there is sufficient additional performance so the 
conncctor does not present a design limitation. ( 2 )  Avail- 
ability of a full range of adapters and accessories from a num- 
ber of manufacturers a t  competitive prices. ilclaptcrs are 
conimercially availal~lc to adapt to Type 9, T N C ,  BNC, GI<, 
ARC, and OSSM. ( 3 )  I t  is a liigli-reliability connector Ix- 
cause of the follo\\.ing considerations: ( a )  I t  is self cleaning, 
thus it is difficult for gradual signal cicgradation to occur. 
At the same time, a t ime-const i~~~ing cleanin2 process is not 
required. ( I , )  There  are fe\vcr moving parts, so the surface- 
to-surface contact is Ijettcr than other connectors availal~lc. 
(4)  T h e  VS\YR of the 3-mm line is quite good, although not 
as good as some of the more precise, larger diameter lines. 
The  high-speed sampling gate inherently produces discon- 
tinuities that negates much of the value of an  expensive, 
high-precision COII I ICC~O~.  Tl~crefore,  the less C S ~ I C I ~ S ~ ~ C ,  
medium precision 3-mm connector sccii~s a good choice. 
I n  addition, the VSWR can Ix improved 1)). inserting a 
high-quality attcnuator, \\-it11 very littlc sacrifice to thc 
user. ( 5 )  Minimum front-panel space is required. 

These considerations represent an  excellent value connector 
for the customer. 1:ig 1 she\\-s the 3 - ~ n ~ n  acccwories cu~wntl!. 
being stocked I,y Tektronis. 

"OSM is a registered trademark of Omni Spectra, Inc. 





COVER 

The displayed digit 2 is illus- 
trative of the dual-purpose de- 
sign of Tektronix digital com- 
ponents. These modular corn- 
ponents are available: (1 ) indi- 
vidually, as components of a 
particular digital system; (2) as- 
sembled, as a Tektronix Meas- 
urement System (see p 16). 

The widespread use of integrated circuits in the electronics industry, 
and the promise of even greater use in the near future, has focused 
attention on the need of externally programmable digital systems. To 
meet these needs Tektronix has developed a family of digital system 
con~ponents that meets IC-testing needs in manual, semi-automatic, 
or fully-automated measurement systems. Although these system com- 
ponents have been designed primarily with the integrated circuit tester 
in mind, their flexibility suggests them for many other types of testing. 

2 @ 1968, Tektronix, Inc. All Rights Reserved 



BENCH 

Fig 1. The  modular 

100 
MEASUREMENTS 

READOUT PER SECOND 

design concept o f  Tektronix  digital system 

LARGE 
PROGRAM 

CAPABI LlTY 

components offers 

Tektronix digital systems are dynamic measu~ement 
systems The  basic measurement characteristics ale 
determined by the combination of the samplin~ sweep 
unit (Type 3T5, Type 3T6),  the sampling vertical unit 
(Type 3S5, Type 3S6), and the individual sampling 
head (Type S-1, Type S-2, Type S-3, Type S-4)". The 
Type 568 Oscilloscope and Type 230 Digital Unit are 
then used to digiti~e and display the information. 

- - ---.. ------ 

A MODULAR DESIGN CONCEPT 

A family of modular digital system components offering 
versatility and expandability eliminates much of the 
need for special-purpose test equipment The wide 
choice of sampling heads combined with this design 
concept assures the user of a system that can be easily 
changed to accommodate current needs. In  addition, 
the availability of wide range sampling sweep units 
(100 ps/div - 500 ms/div with digital delay,) assures 
the user of a time window with adequate resolution. 
The  ability to upgrade a complete system by replac- 
ing only the sampling head provides an inexpensive 
hedge against system obsolescence. 

The Type 230 Digital Unit is the heart of Tektronix 
systems. In  addition, programmable sampling units, 
programmable pulse generators, sampling heads, and 
programming devices have been cleveloped. These units 
serve as building blocks for simple and complex sys- 
tems. Options such as disc memories, punched tape 
readers, tape punches, and probe choppers, have also 
been developed to provide the answer for a wide vari- 
ety of applications. 

Tektronix system components are designed to serve 
two distinct markets. First, they have been designed 

RANDOM ACCESS FULLY PROGRAMMABLE 

many varied measurement combinations. 

to serve as components for the user to combine as he 
wishes. For example, if a test equipment engineering 
group is available, Tektronix systems are ideal for use 
as building bloclis for more complex custom testers. 
Secondly, Telitronis offers digital measurement systems, 
incliicling the systems engineering necessary for a par- 
ticular measurement requirement. These systems are 
compoxcl of Tektronix catalog proclucts with additional 
equipment such as programmable pulse generators, pro- 
grammable power supplies, fixtures, equipment racks 
and other equipment added to them. 

Tektronix digital instruments proxide digital leaclout 
of measurements that may also be displayed in analog 
form on a CRT. They offer measulement speeds in 
excess of 100 measurements per second, external pro- 
qramming of nearly all manual operations, and BCD 
data output (1  2 4 8 ) .  They allow dynamic switch- 
ing time measurements to be made with greater speed, 
accuracy, and repeatability than a direct CIiT meas- 
urement. 

One of the unique aspects of the c ~ ~ r l e n t  line of Tek- 
tronix digital instrument components is the ability to 
correlate information between clel elopment, pilot pro- 
duction, and \olume production. The wide choice of 
Tektlonix programming options combined with the 
state-of-the-art performance pro\ides an economical 
tester over a wide range of test requirements For ex- 
ample, a small manual tester in a debelopment phase 
uses the same basic measurement section as a high-speed 
production system even though that system is capable 
of elaborate program branching and a library of 1600 
measurements. This uniformity of test conditions elimi- 
nates one of the major hazards of changing a device 
from a development environment into a production 
environment. 

*A1 Zimmerman, "The State o f  the A r t  i n  Sampling," 
Tektronix  Service Scope, October 1968, pages 2-7. 3 



The heart of Tektronix Digital Systems is the Type 
230 Digital Unit which operates in conjunction with 
programmable sampling units. The diagrams below 
illustrate how the counts are derived for voltage and 
time measurements. 

The sampling plug-ins construct a display with each 
signal repetition contributing a sample. Because the 
samples per division are accurately controlled, the 
count of samples between 2 selected portions of a 
waveform is an accurate measure of the elapsed time. 
OCjo to 100C/o intensified zones are generated that 
are variable in .5-cm increments by means of a 20- 
position switch. By using these zones and the signal 
delay, the user positions the OO/c and 100% zones 
as desired. After the first sweep, the amplitudes cor- 
responding to the zones are stored in memory cir- 
cuits. Changes in amplitude automatically re-estab- 
lid1 new 0% and 100% memory amplitudes. 

In  a typical time measurement, digitally selected 
voltage divider taps between the 0% and 100% 

I 
' EQUIVALENT CLOCK I SAMPLES I 

TYPE 230 

OPENS 15 

memory outputs are set for start and stop timing in 
1% (or 1 mm) increments of either waveform of a 
dual-trace display. The selected percentage refer- 
ence levels are then compared against the sampled 
input waveform on the second sweep. Coincidence 
of the waveform amplitudes with the selected per- 
centage reference amplitudes is sensed by comparators 
which open and close the clock gate to the digital 
counter. The CRT display can be intensified for 
the duration of the measured interval as a reference 
check. The number of clock pulses are read out dig- 
itally in nanoseconds, microseconds, milliseconds, or 
seconds with decimal points included. 

T o  measure voltage, start and stop comparators 
gate 1-MHz clock pulses for the period of time that 
a linear ramp voltage is at values between the 0% 
and 100% amplitudes. The number of clock pulses 
is proportional to the voltage between the selected 
measurement points. Readout is in mV and V with 
decimal points included. 

TYPE 2 3 0  

Time Measurement 

Voltage Measurement 
LINEAR VOLTAGE RAMP 

1, 
4 ~ m E ,  
GATED CLOCK TO COUNTER 

VOLTAGE TO DIGITAL CONVERSION 

NUMBER OF CLOCK-PULSES PRO 



Incoming inspection is also an application that Tek- 
tronix measurement systems handle well. 100% dy- 
namic testing now becomes feasible for incoming in- 
spection of IC's, whether the 15-measurement Type 241 
or the 1600-measurement Type 240 with disc option 
is used. Both cases allow measurement rates of over 
100 measurements per second, and as a result compo- 
nent handling sets the maximum test rate in practice. 

PROGRAMMING DIGITAL MEASUREMENTS 

Once a user has become familiar with the Type 230,' 
568/System (with sampling plug-ins) and has de- 
termined that some repetitive testing is required, the 
Type 241 Programmer is a logical choice. There is 
sufficient external programming capability to control 
a Type 230/568/3T5/385 and an additional 14 lines 
for external equipment (159 total lines). The pro- 
grammer may be used manually or in the automatic 
sequence modes. Measurement limits may be pro- 
grammed and out-of-limit conditions can stop the 
measurement sequence if desired. 

A system composed of these units is ideal, both for 
bench use where similar tests are being conducted often, 
and for small pilot runs where devices are being char- 
acterized. 

Fig 2. Type 241 program card with diode insertion tool. The card 
and tool are polarized so the diodes cannot be inserted incorrectly. 

T o  prepare a program the user inserts the diodes pro- 
vided into special mounting clips on the card with a 
special tool. Up to 15 different measurements may be 
programmed for any measurement sequence. The  Type 
241 also has storage space for 15 additional program 
cards. 

Fig 3 shows a card being programmed for a risetime 
measurement. Most individual measurements require 
15 to 20 diodes to be inserted. 

An important feature of all Tektronix externally pro- 
grammed digital systems is the high-speed program 
mode of operation. When the system is operating in 
this mode, the time base runs a t  a low-sample density 
of 100 samples per sweep when the instrument is not 
measuring. During the measurement portion of the 
sweep, however, 1000 samples are used for greater reso- 
lution. This feature eliminates wasted samples and al- 
lows testing rates well in excess of 100 measurements/ 
second. 

A unique feature of the external program mode is that 
measurements may be made that can not be performed 
in the manual mode. The  figures below illustrate two 
such applications. I n  addition, if printed data output 
is required, printers are commercially available to con- 
nect directly to the Type 230. 

Fig 3. Externally programming the 0% and 100% to 12 cm keeps the 
memories from discharging after each sweep. A faster sweep may then 
be used for additional resolution in risetime measurements where ring- 
ing or dribble up is present. 

i - -  - 
- 

PEAK i 

MEASUREMENT 2 
-- I I 

Fig 4. External programming allows inhibiting the counter reset in 
time-to-peak measurements. Thus two consecutive counts may be 
added (and divided by two i f  that line is  not in use) to obtain an 
average value. 



PUNCHED TAPE SYSTEM 
(1) EDITING, MODIFY, 

DUPLICATE 
(2)  WRITE PROGRAMS 

EFFICIENTLY 
(3) STOP ON LIMITS 

7 -READ 
TEST 
SEQUENCE 
(DISC1 

ADDRESS 

2 - EXAMINE 0 

CHARACTER 
DATA 

8 @ 

4 MEASUREMENTS / SEC 

100 MEASUREMENTS / SEC 

3 - READ TES 

TYPE 240 - A D D  DlSC 
(4) LOADS DISC 
(5) MODIFY DlSC DATA 
(6) MAKE SINGLE MEA- 

SUREMENT 
(7) BRANCHING AND 

DIAGNOSTIC ROU- 
TINES, SORTING 
AND CLASSIFYING 

WRITE 1 

PROGRAMMING MODES OF THE TYPE 240. In the tape system above, the reader loads the shift register 
which allows: (1) a complete program tape to  be punched; (2) program characters t o  be easily modified; ( 3 )  a com- 
plete measurement sequence to  be made. I n  the disc system the random access disc loads the shift register which al- 
lows: (4) load shift register with tape reader and write data on disc; (5) store modified data on disc sector selected; 
(6) a single measurement to be made and; (7) a measurement sequence to  be made (return to  ready at sequence end). 



If the programming requirement is for greater than 
15 measurements, or if program branching for diagnos- 
tic testing is desired, the Type 240 Program Control 
Unit is the logical choice. The Type 240 is' designed 
to offer a flesible interface between the Type 230 and 
high measurement-rate systems. 

A Punched Tape lieader may be used with the Type 
240 for low-measurement rate systems. A masirnuin 
measurement rate of 4 mcasrlrements per second is 
a\ailable with this technique hut the Disc Memory can 
be added later when programs are "debugged". The 
Punched Tape Reader is also convenient for loading 
programs into the Disc Memory. 

The optional Tape Punch is used with the Type 240 
for generating new program tapes. (Most small com- 
puters employ a teleprinter including tape p ~ ~ n c h  that 
may also be used). If the Disc Memory is used, pro- 
grams stored in the disc may be transferred to the Tape 
Punch for permancnt storage. The combination of the 
Type 240 with a Punched Tape lieader offers a versa- 
tile systems configuration at a modest price. The Disc 
Memory can be added when the testing rate of 4 meas- 
urements per second is no longer adequate. 

The Type 240 is designed to accept program data 
serial-by-bit from an optional Disc Memory, serial-by- 
character from an optional Punched Tape Reader, or 

from an external source. M'hen operating in this man- 
ner, the Type 240 acts as a 192-bit shift register which 
distributes parallel program instructions to the meas- 
urement section of the system. In addition, however, 
it contains the read, write, and control electronics for 
the optional Disc Memory, optional Tape lieader, and 
optional Tape Punch. 

The optional Disc Memory proviclcs ineasuremcnt rates 
in escess of 100 measurements per second and offers 
sorting, classifying, and diagnostic test routines. The 
8-track rotation disc is capable of storing 200 complete 
nlcasurenxnts per track, thus permitting random ac- 
cess to a library of 1600 independent measurements. 
--,'.,&& ,.d,-,,-m.%.a&--- .,A- -*----m*-&--=mm."--a=~~"-.=- 

PROGRAMMING LOGIC 
.-=.- ,=,,.-- ~~"~.*=~.~~-.-r~~~~-.-.-~~--A-z a--..--%-.s-p-= 

Tektronis llas standardized on the use of fised word 
length for the logic in the Type 240 Program Control 
Unit. This compromise was chosen because of its ef- 
ficiency and flexibility in automated testing use. By 
incorporating an examine/modify mode into the pro- 
gram control unit, the greatest acl\.antages of variable 
word length are present ( i t .  ability to take a previous 
program and change only those portions of the program 
that are different). Using fised word length allows 
the opportunity to interrupt in the rnidclle of a test 
sequence (i.e. measurement 21 of a 35-measurement 
sequence), and check each bit of data. With variable 
word length it would be necessary to begin at  programs 



1-20 since portions would be set up at the beginning 
and not changed after that. An additional benefit is 
that the test sequence may be changed at will without 
extensive reprogramming changes. 

The  advantage of fixed word length to the digital sys- 
tem user is that data can be taken from a disc con- 
siderably faster, and any piece of data in all the reg- 
isters may be monitored easily. The examine/modify 
mode allows changing the old program, writing it on 
the disc and punching a new tape from the disc. 

The examine/modify mode is an extremely useful mode 
on the Type 240. When this mode is in operation char- 
acter data lights indicate the data that is in the shift 
register. Characters may be selected by character ad- 
dress switches and the characters can then be modified 
by the modify pushbutton. 

One of the inherent advantages of using the Disc 
Memory with the Type 240 is the ability to branch 
to a new measurement sequence as shown in fig 4. This 
then allows reclassifying of the device. This feature 
is also useful for checking-out of complete boards and 
assemblies. For example, if a signal is not found at the 
output, the program changes to a prior stage until the 
desired response is found. Automatically, the problem 
has been located to a stage instead of merely being 
rejected. 

One of the most important features of the Type 240 
is the ability to error-check all incoming data by means 

of a parity check. Thus if there is a transmission error 
it will likely be found before it creates a measurement 
problem. 

The Type 250 Auxiliary Program Unit is designed to 
provide 192 additional program lines (48-4-bit charac- 
ters) for use in conjunction with the Type 240. This 
allows programming of pulse generators, power supplies, 
fixtures, or other peripheral equipment. Program buf- 
fering, including level conversion, level inversion, and 
D-to-A conversion are also performed by this unit. The 
Type 250 requires systems engineering and intra-con- 
nection wiring for operation. Program assembly cards 
consisting of shift register cards (serial-to-parallel con- 
version), and program boards (negative logic, resist- 
ance, and conductance) provide for versatile control 
of programmable functions. 

Up to 2 Type 250's may be added to a Type 240 to 
extend programming capability. When 2 Type 250's 
are used with the disc memory, then the test format 
is a fixed word length of 144 4-bit characters and a 1080 
measurement library is available. 

The modular design of Tektronix digital components 
offers a wide range of versatility for measurement sys- 
tems. T k  ability to upgrade the bandwidth of the 
system by replacing only the sampling heads ensures 
a useful testing system after the original test require- 
ments are completed. The ability to add to a system 
at any time, with a minimum of interfacing problems, 
assures the user that his tester will not become obsolete. 

-- -p--p.-----.---------.-------.-. 

TEKTRONIX DIGITAL SYSTEM COMPONENTS 
> 

TYPE DESCRIPTION PROGRAM LINES PRICE 

D l  G l T A L A N  D P R OG R A M  U N ITS 
230 Digital Unit 104 $2965 
240 Program Control Unit 192 3750 
24 1 Programmer 159 1950 
R250 Auxiliary Program Unit 192 1400 

PULSE GENERATORS 

R1 16 MOD 703 L Programmable Pulse Generator 79 2775 
R293 MOD 703 M Programmable Pulse Generator 14 1300 

---------.----.-PLUG-IN UNITS --..----..---------.---- 

3A2 AnaloglDigital Unit DC 500 kHz - 520 
3B2 AnalogIDigital Time Base Unit 2 ps - 1 s - 675 
3s 1 Dual-Trace Sampling Unit - 1150 
352 Dual-Trace Sampling UnitX - 800 
3S5 Programmable Sampling Unit" 27 1450 
3S6 Programmable Sampling Unit* 27 1450 
3T2 Random Sampling Sweep Unit - 990 

3T5 Programmable Sampling Sweep 28 1550 
3T6 Programmable Sampling Sweep 28 1550 
3T77A Sampling Sweep Unit - 690 

- SAMPLING HEADS - 

S1 350-ps Sampling Head - 250 
S2 50-ps Sampling Head - 300 
S3 350-ps Sampling Head - 375 
54 25-ps Sampling Head - 750 

p-..p--.---.---.- OPTIONAL ACCESSOR I ES 
Disc Memory 8-Track Disc Memory - 6600 
Tape Punch Tape Punch - 1250 
Punched Tape Reader Punched Tape Reader - 2500 

* Accepts two sampling heads 

8 



ervice 

Chuck Plzilliju, of our  factory repair 
center, passes along the following 
hints 

REPLACING GRATICULE LIGHTS 

A boot from an alligator clip makes an 
excellent bulb remover f i r  graticule 
light bulbs. I t  is only necessary to clip 
a little material from the small end of 
the boot. Push the boot in so it grasps 
the end of the bulb snugly. Once the 
bulb is held firmly, it is only necessary 
to turn CCW and the bulb is easily 
removed. 

Graticule lights should be replaced 
when the bulb darkens appreciably or 
uneven graticule illunlination can oc- 
cur. 

Fig 1 illustrates a situation where one 
bulb was replaced and a dark bulb 
not replaced. Note the unevenness of 
the graticule illumination. 

Fig 2 is the identical situation with 
both bulbs replaced. 

Fig 1 .  Uneven i l lumination. 

Fig 2. Dark bulb replaced. 

INSTRUMENT APPEARANCE 

Chuck also suggests that a liquid glass 
cleaner and furniture wax be available 
~vhen calibrating equipment. The glass 
cleaner does an excellent job of cleaning 
graticules, CRT's, filters, and front pan- 
els. The furniture wax restores dull side 
panels and front panel knobs to a like- 
new appearance. In  order to avoid too 
much Fvax Chuck suggests that you 
spray onto a cotton pad and then do the 
buffing ~vith the pad. A fe\v moments 
spent on optimizing the appearance of 
an oscilloscope can contribute greatly to 
the overall appreciation of the calibra- 
tion effort. 

USED INSTRUMENTS 
FOR SALE 

1-Type 647 Transistorized Scope, 
compact, with full-size CRT. Also 
10.42 dual trace preamp and llB2A 
dual sweep base. Scope rated 50 MHz, 
updated time base allows steady trig- 
gering to 130 MHz. Purchased April 
1967, offered at $800. Contact: Mr. 
John Cone, 775 South Madison, Pasa- 
dena 91106. Telephone: days (213) 
351-2320, eves (213) 792-5271. 

1-Type 532, SN 7302; 1-Q Unit, SN 
1206, with extra P7 CRT. Contact: 
Ken Reeves, Omark Industries/CCI 
Division, Box 660, Lewiston, Idaho. 
Telephone: (208) 776-2351. 

1-Type 321A. Contact: Dick Bastyr, 
Research, Inc., Box 6164, Edina Station 
Minneapolis, Minnesota 55424. Tele- 
phone: (612) 941-3300. 

1-Type 321A, SN 002605, complete 
with battery pack, carrying case, probe. 
Price: $750.00. Contact: Jerry Erickson, 
Republic Electric & Development Co., 
1050 W. Ewing Street, Seattle, Wash- 
ington 98119. Telephone: AC (206) 
284-5200. 

1-Type 53 1 Oscilloscope, SN 21800, 
new CRT, excellent condition; 1-Type 
CA Plug-In, SN 40226. Price: $500. 
Contact: D. Teraza~va, Hewlett-Packard 
Co., 175 Wylnan Street, Waltham, 
Maryland, 02 154. Telephone: (617) 
894-6300, ext. 334. 

1-Type 2A60; 1-Type 3A72; 1- 
Type 3/11, Contact: Brian Sornodi, 
Meditron Company, Santa Ana, Cali- 
fornia. Telephone: (714) 541-0468. 

1-Type 310A, SN 020673. Contact: 
Mrs. Minet, 659 W. Glenoaks Blvd., 
Glendale, California. Office Telephone: 
(213) 225-6171. 

1-Type C-30 Camera. Contact: Mr. 
John Strapman, Lumidor Products, 
2500 W. 6th Avenue, Hialcah, Florida 
33010. Telephone: (305) 887-7421. 

1-Type 190A, SN 6047; 1-Type 180A, 
SN 7726; 1-Type 107, SN 1722. Con- 
tact: Marv Kalor, Instrumentation 
Services, 955 Winnetka Avenue, North 
Minneapolis, Minnesota 55427. Tele- 
phone: (612) 544-8916. 

USED INSTRUMENTS WANTED 

Used Tektronix Scope-Mobile@ Cart 
suitable for 514AD or other 5-inch Tek- 
tronix Oscilloscopes of similar size. Pre- 
fer local replies. Must be reasonable 
and in good condition. Contact: Dennis 
Brunnenmeyer, Physicist, Aerojet-Gen- 
eral, Building 3003, Box 15847, Sacra- 
mento, California. Telephone: (916) 
355-3702. 



A discussion of the major 
factors contributing to 
measurement accuracy 

An oscilloscopc, like other electronic test equipment, will 
not maintain its accuracy indefinitely. Aging of com- 
ponents, drift, environmental conditions and other fac- 
tors malie necessary regular inspections to determine if 
reacljustments are required. Shipping an  in~trument  
from one location to another may affect accuracy and in 
extreme cases may cause instrument failure. Therefore, 
it is important to check an in5truinent's performance 
characteristics perioclically to assure accuracy and to 
determine if calibration is required. 

This article provides techniques and background infor- 
mation to verify the more important characteristics of 
general-purpose laboratory oscilloscopes. For this dis- 
cussion, "perforn~ancc check" is determining if a char- 
acteristic is within stated limits using a given technique. 
"Calibration" is adjusting controls or replacing com- 
ponents when a performance check shows limits have 
been exceeded. 

All instruments should have regular performance checlts 
at  intervals determined optimum by the user; this inter- 
val is largely determined by en\.ironment, care in handl- 
ing, accllracy required and the design of the oscilloscopc. 
(Son~e  oscilloscopcs arc designed to be highly reliable in 



i adverse environments, while others are designed for 
laboratory environments.) A regular recalibration gen- 
erally is not necessary if the performance check indicates 
that no characteristics are outside their limits. 

The measurement methods given here are general ones; 
when an instrument's instruction manual lists a differ- 
ent method, the method listed in the manual should be 
used. I t  must be emphasized that the results of a meas- 
urement depend upon the method used and if a single 
characteristic is lneasured by two methods, two different 
results might be expected. 

Test Equipment 

Selecting the proper test equipment is a most important 
factor in checking oscilloscope performance. Inaccura- 
cies in test equipment show up as apparent inaccuracies 
in the oscilloscope under test. As a rule of thumb test 
equipment should be four to ten times more accurate 
than the accuracy of the item being tested. ' liesolu- 
tion capability of the test equipment must also be ade- 
quate to insure a nleasurcment not adxersely limited by 
the test ecluipment. For instance, one would not checli a 
20 mV t 2% DC voltage source with a \ oltmeter having 
a maxilnum resolution of 1 mV (5% of 20 mV) . I n  some 
cases it may be detrimental to habe test equipment that 
is "too good" for the measurement being made. For 
instance, measuring instrument risetime with a step more 
than 10 times "faster" than the expected risetime can 
show errors that are due to the waveform used. Tek- 
tronis instrument manuals contain a complete listing of 
the test equipment required for instrument calibration. 

Measurement and Nonmeasurement Characteristics 

Oscilloscope performance can be broken clown into two 
categories: Those that affect measurement accuracy, 
such as deflection factors and sweep times, and those 
that affect performance but don't affect measurement 
accuracy, such as triggering and writing speed. 

In the following, only the most important general-pur- 
pose laboratory oscilloscope characteristics have been 
included. Specific oscilloscopes may have other import- 
ant characteristics not listed here. 

MEASUREMENT CHARACTERISTICS 

Vertical Deflection Factors 

The  vertical deflection factor is the ratio of the ampli- 
tude of the input signal to the deflection on the cathode- 
ray tube, usually given in volts per division of deflection. 
Measurements of deflection factor accuracy should be 
made at or below the upper reference frequency dis- 
cussed under bandwidth (between the two reference 
frequencies if the amplifier is AC co~~plecl) .  If a probe 
is to be used with the oscilloscope, the vertical deflec- 
tion factors should be checked with the probe in place, 
as shown in Fig 1. 

For each attenuator setting (volts per division) apply a 
signal with accurately known amplitude to the vertical 
input of the oscilloscope. The  amplitude of this signal 
should be sufficient to result in 50% to 80% of full grati- 
cule \vertical deflection (closer to 80% is preferable from 
the standpoint of lesolution on the cathode-ray tube).  
Carefully measure the deflection on the cathode-ray 
tube with the graticule and divide the known input volt- 
age by the divisions of deflection. The  quotient is the 
actual deflection factor and can be compared with the 
stated deflection factor to determine the percent of error. 
In  some oscilloscopes the deflection factor may not be 
constant throughout the vertical dimension of the ~ r a t i -  
cule. There may be slight errors in the deflection factor 
due to co~npression and expansion type nonlinearities. I t  
is possible to ch~c l i  for this nonlinearity by centering a 
two-di\ ision display, then positioning the top of the dis- 
play to the top of the graticule, measuring any changes 
in amplitude Next, position the bottom of the display 
to the bottom graticule line, checking for any changes 
in amplitude. This type of nonlinearity usually ap- 

Fig 1. Probe compensation circuitry. Note that  when RpCp = RC the  compensa- 
t i on  is correct, and b o t h  high and l o w  frequencies are attenuated evenly. 
a) Undercompensated display RpCp < RC 
b)  Properly compensated display RpCp = RC 
C) Overcompensated display RpCp > RC 



pears only a t  the graticule extremes. Therefore, if there 
is a need to make precision measurements with full grati- 
cule deflection or with smaller deflections positioned 
toward the top or bottom graticule limits, any nonlinear- 
ity measured should be taken into account. 

Horizontal Time-Base Accuracies 

Time-base steps are the deflection factors for the hori- 
zontal axis of the general purpose laboratory oscilloscope. 
They are expressed in terms of time per division of de- 
flection. A known accurate time-mark generator is the 
most convenient signal source for making sweep-time 
measurements; however, an accurate sinewave generator 
can be used also. Internal graticules assist greatly in 
accurate sweep time measurement. 

T o  measure time-base accuracies, apply accurate time 
marks or a sinewave corresponding to one mark or cycle 
per graticule division. Position a mark a t  the graticule 
line that starts the area to be measured. Next, determine 
the difference between the graticule line ending the area 
to be measured and its associated mark, and express this 
difference as a percentage of the area measured. Due to 

possible edge nonlinearities, sweep times are typically 
measured from graticule line 1 to 9 (see fig 2 ) .  

Fig 2. Example of timing 1.25% short. 

Example : If the timing is to be measured over the center 
8 divisions of the graticule, align t, with graticule line 1 
and note the position of t, in relation to line 9. If t, 
is superimposed with line 9, there is no error; if it misses 
by 0.1 division, the timing is 0.1/8 = 0.0125 or 1.25% 
"long" or "short." 

Fig 3. Accuracy vs. length of measured intervals. Note that a measured interval of 4-8 divisions provides optimum display accu- 
racy. The shaded area at left is due to sweep non-linearity and resolution while the area at right i s  due to CRT non-linearity. Curve 
A may be shifted downward by optimizing on a single sweep speed and limiting temperature excursions. 



Fig 4. Bandwidth curve for a 1 - 
MHz Oscilloscope. Solid line for 
DC coupling. Dotted line for AC 
coupling with a lower bandwidth 
of 2 Hz. 

fl - lower bandwidth limit AC 
(2 Hz) 

f2 - lower reference frequency 
(2 Hz x 20 = 40 Hz) 

f3 - upper reference frequency 
( 1  MHz120 = 50 kHz) 

f4 - upper bandwidth l im i t  
(1 MHz) 

frequency in Hz 

A recent trend is to indicate an accuracy for the time 
base at  different lengths of deflection, thus combining 
accuracy and linearity measurements. Timing errors, 
basic linearity errors and errors caused by lack of resolu- 
tion combine and increase as the length of deflection on 
the cathode-ray tube face becomes less. For instance, a 
time base might have a timing accuracy within 3% over 
any 4 to 8 division segment but if measurements are to 
be made over less than 4 divisions, accuracy must de- 
crease because of linearity problems and resolution errors. 
Curve A, figure 3 shows how a sweep with a basic accu- 
racy of *3% might be described. Assuming an ability 
for the observer to resolve 0.1 division intervals on the 
graticule, Curve B illustrates the additional error that 
can occur due to resolution considerations. The accu- 
racy of any given measurement will be a combination 
of these two factors. I t  is possible to get around some 
resolution problems by measuring to exact graticule 
lines, using optical magnification, etc. 

Bandwidth and Risetirne 

Bandwidth (bw) and risetime (t,) are related by a con- 
stant in any given oscilloscope. (If the display amplifier 
has a gaussian response: bw in MHz x t, in ns = 
350.) Therefore, only one of these two characteristics 
needs to be measured. Iiisetime can usually be dis- 
played over only a portion of the graticule and the ac- 
curacy of the measurement is dependent on sweep tim- 
ing and resolution. Bandwidth can be measured more 
accurately, so quite often bandwidth is measured and 
risetime is calculated based on it. 

Bandwidth is defined as the upper and lower limits of 
the band of frequencies an oscilloscope can display, its 
gain constant within 3 dB. Bandwidth is measured with 
a sinusoidal waveform to the first 3 dB down point 
( ~ 3 0 % )  from the amplitude of a reference frequency 
(30% down rather than -3 dB is used because 30% is 
more easily read on a conventional graticule) . 

Bandwidth - Upper Frequency Limit 

Apply a sinewave of 1/20 the upper bandwidth limit or 
less (reference frequency) from a constant amplitude 
sinewave generator to the oscilloscope vertical input. 
Adjust controls for a centered display of about 80% of 
the graticule height. Increase the frequency of the sine- 
wave (its output amplitude must not be changed) until 
the display is 70% of its amplitude at the reference fre- 
quency. This frequency is the upper bandwidth limit. 

Bandwidth - Lower Frequency Limit 

In a DC-coupled oscilloscope the lower frequency limit 
is D C  and the gain at  D C  should be equal to the gain at  
the upper reference frequency, not 3 dB down from it. 
Also, in a DC-coupled oscilloscope only the upper band- 
width limit may be given; that is, BANDWIDTH: 30 
MHz means that the bandwidth is DC to 30 MHz. 

An AC-coupled vertical amplifier has a lower frequency 
limit. T o  measure this, apply a lower reference frequency 
sinewave 20 or more times the frequency specified (not 



to exceed the upper reference frequency) from a con- 
stant amplitude source to the vertical input. Adjust con- 
trols for a centered display amplitude which is about 80% 
of the graticule height. Decrease the sinewave frequency 
until the displayed amplitude is 70% of the lower ref- 
erence frequency amplitude. This frequency is the lower 
frequency limit. 

In  both the upper ancl lower frequency limit measure- 
ments the source impedance and harmonic distortion of 
the sinewave can have a pronounced effect on the result; 
these should be as specified by the oscilloscope manu- 
facturer or should be accounted for in the results of the 
measurement. 

If the calibrator waveform-producing circuitry cannot 
be disablecl, it can be checked with an oscilloscope which 
has a slideback voltmeter preamplifier. Both peaks of 
the calibrator's output waveform can then be compared 
clynanlically to the slideback voltmeter's con~parison volt- 
age and the calibrator amplitude can be determined. A 
slightly less accurate method of checking the calibrator 
amplitude is to first calibrate the oscilloscope for a given 

display from a known amplitude voltage equal to the 
nominal calibrator 1.oltage. liemove the known voltage 
ancl apply the calibrator \:oltage and measure it on the 
calibrated oscilloscope. 

Risetime 

As noted before, risetime is related to bandwidth and it 
probably is not necessary to nleasure risetime if band- 
width is satisfactory. Risetime is a measurement, on the 
display of a step-function waveform, of the interval be- 
tween the instants a t  which the amplitude first reaches 
10% and 90% of the reference an~plitude (figure 4 ) .  

Apply a step-function with a risetime from 4 to 10 times 
"faster" than that of the oscilloscope to be measured. 
Measure the time required for the waveform to go from 
10% to 90% of its amplitude. If a step function with a 
risetime less than 4 times "faster" must be used, the rise- 
time of the oscilloscope (t, scope) can be approximated 
as follows: (t, scope) ? = (t, measured)' - (t, step) '. 
Sweep-time inaccuracies and resolution must be ac- 
counted for in the measurement. 

Amplitude Calibrator Accuracy 

Several kinds of amplitude calibrators are provided on 
general-purpose laboratory oscilloscopes. Their main 
purpose is to provide a voltage amplitude of known ac- 
curacy. The  output waveform can be a sinewave but 
is most commonly a squarewave. 

In some calibrators the waveform-producing circuitry 
can be disabled and the calibrator provides a DC volt- 
age equal to the peak-to-peak value of the normal square- 
wave output. With this kind of calibrator, disable the 
waveform-producing circuitry and measure the output 
voltage with a differential or digital voltmeter. A digital 
voltmeter with automatic ranging makes it convenient to 
measure all calibrator output voltages in sequence, 
quickly. Compare the measured voltages with the labeled 
ones and determine the percentage error. Return the 
waveform-producing circuitry to its operating condition. 
Care should be taken that the voltmeter has the accuracy 
and resolution for the task, and that it does not present 
too great a load to the calibrator. 

NONMEASUREMENT CHARACTERISTICS 
*--- " --pm--pp*,.---,--m 

Some chal actel istics of an oscilloscope's performance do 
not directly affect the accuracy of measurements but 
determine whether or not a lneasurenlent can be made. 
Two of these are triggering performance and writing 
speed. 

Triggering 

Measuring an oscilloscope's triggering performance is 
mainly a process of applying the proper signals and 
checking to see that a stable display is possible. Internal 
triggering is checked by applying signals of the specified 
anlplit~lde and frequency to the vertical input and moni- 
toring to see that a stable display can be obtained. The  
same procedure is followed for checking external trig- 
gering performance but the signal must be also applied to 
the external trigger input. 

After checking the basic triggering, any special functions 
can be checked on a performance basis. When using 
auton~atic triggering the display should be stable when 
the specified signal is present and a trace should be dis- 
played when no signal is present. AC, low frequency 
reject triggering should operate normally a t  frequencies 
above a few hundred Hz and only respond to large 
signals a t  60 Hz. 

Writing Speed 

Writing speed is a figure of merit which describes the 
ability of a particular camera, film, oscilloscope, and 
phosphor to record a fast moving trace. Until recently 
this subject has been surrounded by some mystery. Re- 
cent studies indicate that there are measurement 
methods which are repeatable by most oscilloscope 



APPLIED STEP FUNCTION 

I 
POSITIVE GOING 

OBSERVED WAVEFORM 

4 5 6 2 3 I 

RATIO OF RISETIMES 

Fig 5. Percentage increase o f  net risetime vs rat io o f  risetimes fo r  t w o  cascaded devices. For  example, a 2-17s oscillo- 
scope moni tor ing a 10-ns signal (5:l rat io) wou ld  permi t  an observation w i t h  an error o f  2%. Note that  i f  the rise- 
times are equal the error is 41%. 
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Tektronix Measurement Systems 
In  addition to digital system components, Tektronix 
offers Tektronix Measurement Systems. These meas- 
urement systems are designed to cover the range of 
automated dynamic measurements from small 
"bench" systems to high volume production and in- 
coming inspection testers. Tektronix Measurement 
Systems use catalog products and add additional 
equipment such as programmable pulse generators, 
programmable power supplies, fixtures, and other 
equipment. Tektronix does the systems engineering 
to provide the digital measurement system for a 
particular measurement requirement. In  addition, 
complete "systems" manuals are provided to facili- 

tate servicing and calibration. In  the case of the 
larger systems, Tektronix personnel install and check- 
out the equipment upon arrival at  the customer's 
location. A test checkout program is provided with 
each system to assure proper calibration and opera- 
tion of all system components. 

The S-3130 Digital Measurement System is shown 
above. Full specifications on this, and smaller Tek- 
tronix Measurement Systems, are given on pages 
27 - 4 7  of the New Products Supplement to Tek- 
tronix Catalog 27 (1968). For additional informa- 
tion contact your Tektronix Field Engineer. 
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TO OUR READERS 

WELCOME TO TEKSCOPE. You may have noticed a change 
in SERVICE SCOPE over the past few issues. Our new name 
more accurately reflects our continuing effort to provide 
informative articles, presented in a readable manner, across 
the whole of Tektronix technology. Each issue of TEKSCOPE 
will contain articles describing instruments, measurements, 
and techniques. 

SERVICE SCOPE remains as a feature of TEKSCOPE and 
will continue to provide information for those responsible 
for the quality of instrument performance. 

We appreciate your interest in Tektronix and welcome your 
comments on our format. 

NOTE: If the address on your issue is incorrect or if you have 
a friend who would like to receive TEKSCOPE, please call 
or drop a note to our nearest field office. 

COVER: The Type 576 Curve Tracer combines a large-screen 
CRT with a unique readout capability to provide a new stand- 
ard for semiconductor measurements (shown actual size). 

I I 
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By James Knapton and Jerrold Rogers 

Digital readout of vertical and horizontal deflection factors, step ampli- 
tude, and betaldiv simplifies curve-tracing measurements substantially. 
This unique capability, combined with extended measurement character- 
istics provide an outstanding curve tracer value. 

The Type 575 Transistor Curve Tracer was introduced 
over 10 years ago, when the semiconductor industry 
was in its infancy. At that time, the Type 575 Tran- 
sistor Curve Tracer became established as an industry 
standard. Since that time, semiconductors have im- 
proved greatly and semiconductor technology has ex- 
panded to include not only transistors and diodes, but 
tunnel diodes, zeners, FET's, MOSFET's, SCR's, uni- 
junctions, and a number of other useful devices. 

The Type 576 is designed to meet the current and fu- 
ture measurement needs for these devices. In addi- 
tion, the construction techniques utilized allow the in- 
strument to adapt should related measurement needs 
arise. 

The Type 576 is designed with a plug-in test-fixture 
so that operating characteristics may be changed sub- 
stantially without affecting the basic instrument. This 
capability provides the Type 576 with greater flexibil- 
ity in meeting future measurement requirements. 

The most apparent development in the Type 576 is the 
readout feature. The fiber-optic readout display has 
been placed adjacent to the CRT where the user nor- 
mally focuses his attention. Combining readout with 
the display accomplishes 3 important tasks: 1. The 
readout takes into consideration magnifiers and multi- 
pliers, and especially simplifies operation for new or 
infrequent users; 2. The necessary information for in- 
terpreting curves is automatically included on photo- 
graphs, eliminating the possibility of incorrect label- 
ing; 3. The simple, but bothersome arithmetic required 
to compute beta/div and g,/div is automatically per- 
formed, eliminating another potential source of meas- 
urement error. 

The readout logic, fiber-optic transmission system, and 
character readout sections have been placed on a single 
circuit card. This design concept makes it possible for 
the instrument to be purchased with or without the read- 
out capability. 



James Knapton, Project Manager, and Jerrold Rogers, Proj- 
ect Engineer, displaying a family of curves on the Type 576. 

PROTECTIVE CONSIDERATIONS COLLECTOR SUPPLY INCLUDES DC MODE 

An interlocliecl c o \ w  over the test terminals protects 

the operator from accidental shock in the 75-V, 350-Ti. 

and 1500-V ranges. A red light on the front panel 

warns the operator when dangerous potentials arc pres- 

ent on the collector terminals. A yellow front-panel 

light informs the operator that the protective box must 

be engaged in order for the instrr~mcnt to function 
properly. 

A unique interlocliing h o b  arrangement between the 

collector \ d t a g e  ranges and the selectable series re- 

sistors offers a device protection feature. These con- 
centric knobs allo~v the maximum power limit to IIC 

preset. As the \.oltage range is changed. the correct 

series resistors are automatically inserted to maintain 

the correct pou.er limit. Six positions arc available from 

0.1 watt to 220 watts. 'This feature protects the devicc 
under test from overheating and relieves the operator 

of the necessity of computing which series resistor is 

requirccl for clc\.icc protection. 

IMfercnt modes ha1.c Ixcn incorporated into the col- 
lector slvecp circuitry to pro\.icle the instrumrnt with 
~nas imum~ \wsatility. A normal mode is ~~rov ic l~c l  whic11 
consists of positi\.e or negative f tr l l -wa\~ rectified AC 
(line frccluency) . This is the con\.entional n~oclc for 
most nlcasure~ncnts. 

An A C  ]node supplies an ~lnrcctificcl line-frequency 
sweep symmetrical about 0 for \.iewing both forward 
and rc\.crsc characteristics on tlic same display. 'This 
is particularly useful for diode and FE'T testing since, 

re\.c>rsc breal.rclo\vn anti forward conduction character- 
istics may 11e o b s c ~ ~ \ ~ c d  sim~lltaneously. 

A I)C: mode pro\idcs positi\.c or negat i i .~  I)C: which can 
11e sjvept manually by \.arying the \.ariablc \ d t a g e  con- 
trol from minimun~ to masilnunl. I n  this mode filter 
capacitors arc switchecl into thc collector supply out- 
put and the display is conil~osccl of a dot a t  the end 
of each cur\.c. Manually \myin: the supply slowly 
traces out the cunzs.  This ~nocle is of particular intcr- 
cst when nieasuring low currents ~vhcl-c tracc looping, 
ca~lsed by de\.ice capacitance, limits resolution. 



A leal,agc n~oclc operates in conjunction with the I)C 
collector mode and inc~cases the veltical sensiti\ity 
l000X allowiny 1 nA/cliv displays. I n  this mode, the 
'Type 576 monitors c u ~ ~ c n t  into the cnlitte~ te~minal 
instead of the collectoi The  leakaqe mode pro\&\ 
high-sensitii ity displays for obse~ \ in? any two t c ~  minals 
of a device The 1-nA/di\ position of this mode pro- 
\ides an  excellent ~neans of mcasuling cliocle lea1,age. 

- - - -- 

NEW DISPLAY CAPABILITIES 

One of thc most useful features of the Type 576 is 
the calibrated display offset with magnifier. This func- 
tion provides 20 half-cm incrc~ncnts of position change 
(20 5-cm incre~ncnts with 10X mag) .  Using this niocle~ 
the gain of either the Iwtical or horizontal deflection 
amplifier can bc increased 10 tin~es. This capability 
provides a 100-cm display on either axis with the cali- 
brated offset showing precisely which portion of the 
display is being viewed. Use of clisplay offset also in- 
creases accuracy substantially as shown in the fig~lre 
Idow.  Note that 256 measurements are typical over 
the largest range of the display area. 

DISPLAY OFFSET 

C E M R U N E  VALUE (FWmy] 

Fig. 1. Magnified display 
* offset increases vertical 

or horizontal resolution 
and offers 2% accuracy 
with 40-100 cm of ofl- 

-MAGNIFIER---/ set. 

Both the vertical and horizontal positioning controls 
consist of a 5-position switch that positions the origin 
esactly 5 cm or 10 cm in either direction from nonnal. 
In addition, a concentric \,ariablc knob provides fine 
positioning ( ~ 5  cm) . The polarity logic automatically 
positions the oriain of the display from lower left corner 
to upper right corner when the collector sweep is 
changed from NPN fanlily to PNP family. When 
switching to AC: collector sweep, the origin is auto- 

matically positioned to center screen. A display-invert 
switch is provided for easy overriding of this logic, 
should it be desired to compare NPN and PNP in the 
same quadrant. 

AC SWEEP 

0 /- - 

NPN 
T i  
u' e 

Fig 2. Automatic Display Positioning. NPN, PNP, and AC 
origins (blue) are automatically positioned when selecting 
the collector polarity. The detented position knobs (5-cm 
steps) allow quick positioning as shown above. The vari- 
able controls position the origin where desired. 

The step generator has been designed for maximum 
flesibility. A 10-turn calibrated control provides the 
ability to offset a complete family of steps. The first 
step may start from any DC level between 0 and 10 
times the amplitude of one step. The  operator may 
select the DC offset level to aid or oppose the steps. 
For example, negative DC voltage may be selected, 
allowing positive steps to start below the 0 bias point 
of a FET. By turning the step generator off, the DC 
offset level provicles one curve operation for cletermin- 
ing thresholds. This is a particularly interesting con- 
figuration since the curve is continuously variable over 
the wide range of currents and voltages available. 



TYPE 576 MEASUREME 

T h e  \vide range of I~ase steps, the calibrated step offset, 
and the pulsed mode of operation provide the Type 57G 
~vitl i  a truly versatile l~ase  step generator. The n~ul t i -~nodc 
collector supply (s~vept,  1X:, or AC), \vith its 1X-1500 V 
range allo\\.s measurelnents o \ w  a \\.idc spectrriln. The 
vertical and horizontal clispla). alnplificrs, combined rvith 
the calil~rated display offset \vitli ~nagnifier, provide a 2% 
measulxmcnt c a p a l ~ i l i t ~  \\.it11 1OS thc resolution of a normal 
display. 

ages. I h a l  confisurations arc easily co~iipared and the 
DISPLAY INVERT feature simplifies comparison of com- 
plementary devices. The  use of Kelvin contacts in the high- 
current device aclaptors n~inimizcs the effect of voltage drops 
due to contact resistances. (Kelvin contacts bring the col- 
lector and cmittcr/voltage-sellsing leads directly to the dc- 
\rice, thus clirni~lating adaptor-to-test fixture and transistor- 
to-adaptor contact potentials). 

Improved fisturins on tllc Type ,576 e x t e ~ l t ] ~  vers;ltility in 'Fhc \va\?for~i~s belo\\. illustrate a fa\. of the measurclncnts 
making more tests \\.it11 a gxarer  1l11111l)cr of device pack- that arc rasily iiiade on the Type 1176. 

Double exposure of PNP transistor. 
Only the DISPLAY INVERT was used to 
reposition the display. 

Enhancement and depletion modes of 
a FET. Opposing DC step offset starts 
-1- steps below zero bias point. 

AC sweep permits FET measurements 
in the resistive region. 

MOSFET drain family in depletion 
region. 

Power transistor with 17 A collector 
current. The 80-ps pulsed mode with 
DC collector and manual scan is used. 

600-mV step offset positions small volt- 
age steps within the transistor active 
base region. 

Display offset with magnifier increases 
measurement resolution and accuracy. 
Center line value of 70 V shows zener 
voltage of 72.6 at 1 mA. 

Double exposure. Looping caused by 
collector-to-base capacitance is elimi- 
nated by using the DC collector mode 
with manual scan (center lines). 

SCR measurement in 300-,is pulsed 
mode measures holding current. Cali- 
brated, variable DC offset allows direct 
reading of gate-firing potential. 



Families of 1-10 digitally selectable steps may be ob- 
served. T h e  single family mode normally holds the 
step generator off and, when triggered, pro\jides one 
family of crrr\es. Base step rates are NORM (1X the 
normal collector supply rate which is twice the line 
freclucncy), 0.5X and 2X. The  wide step amplitude 
range provides current steps of 200 nlA to 5 nA or volt- 
age steps of 2 V to 5 mV. Combining mas imun~  step 
offset and  maxim~rm step amplitudes (AID)  provides 
masimum base voltages to 40 V. The maximum base 
current is 2 A. 

PULSED BASE OPERATION 

T h e  Type 576 pro\-ides pulsed base operation in which 
steps are pulsed for either 80 1 . c ~  or 300 ps selectable 
from the front panel. In  this  node the base drive is 
applied for only a portion of a cycle and tlllrs, the de- 
vice is turned on only for short periods of time. This 
mode automatically connects in the 1lC mode collector 
supply to  protect the device under test ( the fast tran- 
sitions of the narrow pulses combined with the lealtage 
inductance of the collector sweep transformer could 
cause a harmful transient). This approach makes it 
unnecessary to degrade risetime (effective increase in 
pulse width) and lessen pulse definition. T h e  300-ps 
position is useful for checking power transistors while 
the 80-,.,.s position is useful primarily for measuring 
sinall signal transistors a t  high power. This mode is 
particularly useful since it allows many devices to be 

checked without heat sinks. I n  addition. device char- 
acteristics may be \ iewed a t  Iligher power without eu- 
ceeding safe dissipation limits. 

The  physical appearance of the Type 576 is unique to 
the Tektroniu product line. Since curve tracers are 
not generally rackmountcd, the front panel uas  sloped 
to permit better rcadabilit} T h e  "fiont porch" de- 
sign provided additional front-panel space and simpli- 
fied the test f i ~ t u i e  pluq-in clesiqn. 

Color has been extensively used on the Type 576 front 
panel to simplify operation and interrelate controls. 
For example, black push buttons indicate a single but-  
ton function which are out for the most common op- 
eration, i t . ,  i n ~ w t  or 0.1); steps. l lark gray is ~lsecl to 
denote the coinmoll mock of operation in ~nultiple 
functions, such as zero offset, repetitive family, and basc 
steps. Light gray buttons are used for all other options. 
Bluc is used to relate the display offset relationships: 
green is used to relate the step generator polarity func- 
tions; yellow is med to relate controls for step generator 
\.oltage operation; and orange is ~~sec l  to signify the leak- 
age ~nocle sctings. This liberal use of color allows the 
operator to set up incli\~iclual tests with a ~niniinum of 
difficulty. 

T h e  Type 576 is designed to minimize scr\.icc problems. 
Low-\dtage power supplies are short-proof and plug-in 
transistors and IC's are used throughout (including 
socket-mounted power transistors). Construction is all 
solid state with the esccption of the Cl<T itself. For 
fltrthcr information consult y o ~ ~ r  local field engineer. 

DEVICE 

DIODES 

FET's 

POWER 
TRANSISTORS 

TRANSISTORS 

TD's 

ZENERS 

576 MEASUREMENT CAPABILITIES 

FEATURES 

1 nA/div sensitivity for leakage measurements - 1500-V collector supply - Kel- 
vin sensing for accurate high-current measurements. 

40 V (step i- offset) available for base drive - Step offset allows stepping through 
zero bias - 1 nA/div sensitivity measures gate leakage - AC sweep allows 
examination of resistive region. 

Calibrated variable step offset accurately determines gate firing potential - 
Holdinn current mav be read directlv. 

Kelvin sensing for accurate high-current measurements - Pulsed base allows 
high-current beta measurements without exceeding dissipation limits or requir- 
ing heat sinks. 

EXTENDED RANGES ON ALL TRANSISTOR MEASUREMENTS - Small steps on 
top of 600 mV of offset permit observing several voltage driven steps within 
the active region. 

AC sweep displays forward and reverse characteristics simultaneously. 



SERVI E 

TROUBLESHOOTING YOUR OSCILLOSCOPE 

By Charles Phillips 
Product Service Technician 
Factory Service Center 

7'hi.s first arl iclc of n .w,-ic'.s, di.~cu.s.rc~s 
g('11c.rn1 ic~c1~niqrrc.s f o r  locnl i r i iz~ 
j)roblcm.s to oiw of the r r l a j o ~  blocks 

of nu o.ccillo.ccop(~. FZL(ZL~(J ar t icI~.s  
z c d l  go  in to  i r~or(> clc>tail oil t i -oub1~-  

. r l roo t i~g  n major- block to ,biizpoiilt 
n faul ty  .slngc' or  cornpoizent. 

, 9  I lie oscilloscope is an excellent tool for 
self diagnosis. In  addition to the C R T  
display, front-panel indicators (tracc- 
position indicators, trace findrrs, and 
pilot lights), and calil~rator signals often 
provide sl~fficient i~iforniation to isolate 
tlic prohiem. 

Ohsrrving tlic effect of niulti-function 
s\\.itches can do much to identify a proh- 
Icm. For cxamplc, using the second 
channel of a dual-trace unit can check 
\,crtical circr~it r). up to the point 1c.1iel.e 
s\\-itching occurs. I n  the case of a dc- 
laying-s\\-ccl~ or dual-l~cani oscilloscopc, 
a portion of the circuitry may I)e rtsed 
to display information on the oscillo- 
scope itself. Detecting a colnmon prol>- 
Icm in all circuits indicates a problenl 
in tlie pot\-cr supply. 

S~\.itcliing to the external I~orizontal ill- 
put, disconnects tlie s m e p  and is a 
mrans of determining ~vlictlicr a prol~-  
l c n ~  is associated with the horizontal 
amplifier. At the same time, i t  can 
indicatr tlic condition of the unl~lanking 
circuit r!,. 

Iyarying the trigger source s\\-itch Iw 
t\\.ecn internal and external triggering 
checks the trigger pickoff circuitry. 
If the s\\.eep \\.ill frce run I)y adjusting 
the stal~ility illid trigger level control, 
additional circuitry may I x  checked. 
C:ornparing operation in different trig- 
ger ~ i ~ o d e s  can often localize a prol~leni 
to a specific trigger stage. 

I'crtical preamplifirr plng-in units arc 
a quick \my of checking pcrfolmance to 

thc \.crtical ;~niplificr input. Once a 
prol)lcm is isolated to n spccific plug- 
in unit, plug-in circuit Imards ( i f  used), 
Ilny isolate, tlic proldcn> c \ m  further. 
Oncc a problenl has 1)cc11 traced to a 
slx>cific I)lock, a close \ k a l  chcck may 
pinpoint tlic prol)lcm. Often tilnes 
I ) ~ ~ r n c d  cotllponcnts or  loose leads can 
I)c spotted tliat shorten the troul~lc- 
shooting job. Substituting the tu l~cs  or 
t~.arisisto~.s offen a quick means of 
checking a suspected stage. Always re- 
trlrn the original component to its place 
if the prol~lcni reniains. 

FRONT-PANEL CONTROLS 
The  first step in a logical tror11)lcshoot- 
ing procedure is to preset the front- 
panel co1it1.01~ in order to he sure that 
the 1vol)lcm is not an operator prol~lem. 
It is important to proceed in a logical 
orclrr (i.?., clock\visc) in order not to 
overlook a control. 

:\I1 C R T  controls may Ix set to mid- 
range \\it11 the exception of the in- 
tensity control. The  intensity control 
normally turns on the C R T  a t  ap- 
proxi~natcly 10 o'clock on a post- 
;tccrlcrator C R T  (high voltage a t  tlie 
front of C R T ) .  In  the casc of the 
monoaccelerator (high voltage a t  the 
I m c  of C R T ) ,  the C R T  normally turns 
on at approximately 2 o'clock. These 
arc only approximate figures and lvill 
vary from instrument to instrument. 
A setting ~ n u c h  less than these may I x  
insufficient for vic\ving I\-hilc a setting 
n~ucli  greater may damage the C R T .  

The time I m c  should 11e set to frce run, 
internal triggering, and automatic if 
tlicrc is such a mode. Select a medium 
speed s\\.ecp s ~ ~ c l i  as I ms/di\r and sc- 
lrct tlic !\ or main siveep unmagnificd 
o n  the horizontal display. 

Set the calibrator to a convenient fig- 
~ ~ r c  such as l 17. :\djmt tlic \wt ica l  
scnsitivity to 0.2 V/div and select a 
single channel modc. Position controls 
and the attcnuator halance should be 
adjt~stcd midrange. In  some cases it 

i n  the casc of n plug-in, Ix sure that 
thc plug-in is seated tightly and that 
there is no open connection. Plug-ills 
that IISC interlocks arc particularly sus- 
ccptil~lc to tliis type of problem. 

I'lacc the input selector to tlic 13C posi- 
tion and trlrn off X I 0  amplifiers if they 
arc :~vail;il)lc. Sul~stitute a plr~g-in if 
a n  additional one is a \ d a b l e .  

\Vile11 tro\~l~lcsIiooting a nc\v instru- 
nicnt, takr some time to fa~niliarizc 
yoursclf \\.it11 the I)lock diagranl. Spcnd- 
ing a fc\\. minutes \\.ith the instrument 
manual can give va1uaI)le insight into 
the particular prol~lcm. 

THE BASIC OSCILLOSCOPE 

The  simplified I~lock diagram at right 
sho\\.s the major components of an  os- 
cilloscopc. 7'11~ al)ility to locaiizc the 
tro1111lc to onc of these I~locks is the 
first stcp in tlic troul)lcshooting process. 

POWER SUPPLY 

more than one of the major l~locks of 
a I~lock diagram. If there is no C R T  
indication, check the line f ~ ~ s e .  If tliis 
is not tlic prol~lcm, chcck tlie po\vcr 
supplies \\.ith a \.oltnictcr to dcterniinc 
\vliicli s~~pply/supplies are a t  fault. If 
the supplies check out, then tlic prob- 
lem is ~ ~ r o l ~ a b l v  in one of the other 
stages. The  use of an auto transformer 
to vary instrt~ment line \ d t a g e  can 
quickly verify proper pm\-er supply 
operation. 

VERTICAL 
\Vlien no spot or s\\.crp is scen, nsc 
rhc tracc finder or  tlie position indi- 
cator to scc \vliich direction the spot 
or s\\.ccp is clcflcctcd. Use the position 
controls to see \vhetlirr the display may 
Ix ccntcred. Shor~lcl the indicator lights 
slio\\- that the trace is deflected off- 
screen, in\.crt thc display. If the dis- 
play goes off-screen in the other direc- 
tion, tlic proldcni is Ixforc the invert 
s\sitch. 



INP 
PREAMPLIFIER 

VERTICAL 
AMPLIFIER 

TRIGGER SWEEP 

POWER SUPPLY 

LOW I HIGH 
VOLTAGE ! VOLTAGE 

HORIZONTAL 
AMPLIFIER 

. 
UNBLANKING 

For prol)lcnjs after the invert s~vitch, 
I ISC a shorting strap, and  starting ~v i th  
the (:RT deflcctio~i plates ~vork  stage 
I)y stage to\\.ards the input amplifier. 
, . I he stage is tvorking normally ~vhen  
thc signal short callscs a trace near 
the vertical center line of the CRT.  A 
tlcfecti\.c stage is indicated I)); the short 
not ccntcring the trace on the C R T .  

Vertical systems containing a plug-in 
arc convenient since sulxtitution nlay 
q ~ ~ i c k c n  the logical process. 

HORIZONTAL 
\Vlicn the oscilloscope has a second 
sivccp, this may Ix used to see i f  normal 
operation can he ol)tainccl. A calibrator 
signal to the cstcrnal horizontal checks 
the operation of the horizontal anipli- 
fier. If the instrument has a plug-in 
horizontal. removing the plug-in nnit 
shot~lcl a~~tonia t ica l ly  center the spot. -. I his is of additional assistance tvith 
oscilloscopes using clcflection unl~lank- 
ing. I>cflection unblanking positions 
thc spot off-screen, csccpt during :.\veep 
t in~c ,  a n d  n o  spot can be sccn I)y over- 
riding the  intensity control. 

SWEEP 
Many instruments ha\.c a stveep output 
connector \\.here the stveep may Ix 
rl~onitorcd. This niay give a clue as 
to \\.here the problem lies. Gate out- 
I I I I ~ S  a n d  \,ertical signal outputs also 

yield \ d u a l ~ l e  information. Once a 
display is obtained, the signal shol~ld 
I,c applied to the input in order to 
nlake an  approximate check on cali- 
bration. \V'hen horizontal calibration 
is off, the vertical calil~ration should Ix 
chcckccl also I~cfore attempting to re- 
pair the horizontal. If vertical cali- 
bration is also incorrect, then the pro])- 
I c ~ n  is ~iiost  likely to Ix in the high- 
\nltage po\ver supply. 

TRIGGER 
If the instrument has trigger prol~lems, 
a fc\v simple stcps can often determine 
~vliich stage of the trigger is a t  fault. 
Checking operation of trigger circuit 
in different sources, modes, slopes, and 
coupling positions \\.ill often isolate a 
prol~le~i l  (for example, the automatic 
~i iodc normally I)ypasses the initial trig- 
ger stages). Ol~scrving the effect of 
the stability and level controls gives 
additional information. In checking 
trigger circuits, altvays I)e sllre that suf- 
ficient signal (z1 cni) is being applied 
to o l~ta in  a large ol)scrval~le deflection. 

GENERAL 
Most problems can be quickly cate- 
gorized Ily interpreting results of front- 
panel controls. If a problem can not 
I)c categorized l ~ y  these steps, then a 
tcst oscilloscope can likely dctcrmine 
the faulty stage. 
Next: Troubleshooting a power supply 

A CONVENIENT TOOL 

A shorting strap is one of the most use- 
ful troubleshooting tools, as it perriiits 
many problems to I x  quickly pinpoint- 
ed to a specific stage. A versatile short- 
ing strap can be madc Ily using t\vo 
Tektronis pincher-tip probes (defcc- 
tive prol~es are ideal for this) connected 
together by a short piece of wire. Loop 
the \vire throl~gh small ferrite I~eads 
(Tcktonis  PN 276-0507-00 or 276- 
051 1-00 work nicely) as sho~vn in the 
photo. If ferrite beads are not avail- 
a l h ,  use 47-fi resistors a t  each end to 
dampen oscillations ivhen the strap is 
used. Alligator clips may Ix used in- 
stead of probe tips but they arc much 
more prone to shorting an adjacent 
check point. 

The  strap is used to short the inputs 
or outputs of complementary stages 
together. If a stage is defective, apply- 
ing the short to the input ~vi l l  have no 
effect on the output. 



NEW CONCEPTS BOOKS 

Fo~r r  Circuit Concepts I~ooks arc pres- 
ently availal~le. Titles currently in stock 
arc: "Oscilloscope CRT's", 2nd Edition; 
"Storage CRT's and Circuits", 2nd 
Kclition; "Television \Va~,rform Proccs- 
sing Circuits"; and "Po\\,cr Supply Cir- 
cuits", 2nd Edition. 

Tlvo of a ne\v scrim of Mcasurcnient 
Conccptsbooks  arc co~npleted. T h e  
titlcs currently availal~le in this series 
arc: Inforniation Display Concepts; 
Semiconductor Ihvice  Measurement 
(:onccpts. 

The  material on pages 10 and 11 is 
takcn from one chapter of Semicon- 
ductor l h 4 c e s  and is indicative of the 
content. Other chapters are Bipolar 
Transistors, Field Effect Transistors, 
Unijunction Transistors, Signal Diodes 
and Rectifying Diodes, Zener Diodes, 
and Tunnel Diodes and Back Diodes. 

Shor~lcl you .i\ ich further information 
on  Tektroniu Concepts Books, contact 
your local field engineer. 

THYRISTORS (SCR's) 
AND OTHER PNPN DEVICES 

Most of the conductance characteristics 
of four-layer semiconductor device3 can 
be explored and measured on a tran- 
sistor curve tracer. T h e  characteristics 
of principal interest that may be meas- 
urcd are: ( 1 )  for~vard and reverse 
\docking (breakdown) voltages and 
currents; ( 2 )  the voltage drop a t  vari- 
ous forward currents for the on con- 
dition; (3 )  the sate-terminal tum-on 
voltage and current requirements for 

FORWARD BLOCKING VOLTAGE 
AND 

REVERSE BLOCKING VOLTAGE 

The  for~vard blocking voltage of a 
thyristor is the voltage that may be 
applied 11et.iveen cathode and anode 
I~cfore the device switches to h a w  a 
10x7 iml~cdance-assur~ii~ig little or no 
voltage or current is applied to the 
control terminal and that the polarity 
of the cathodc-anode voltage is correct. 

Making a measurement of the forward 
Idocking voltage of a thyristor using a 
curve tracer is done in very much the 
same Ivay as measuring the reverse 
hreakdo~vn voltage of a transistor. First 
the gate terminal is usually either 
shorted to the cathode terminal or 
returned to the cathode through a re- 
sistor of specified value. I n  Fig 4-1 for- 
Ivard blocking voltage was measured at  
114 volts for 5 ,.LA or  forward current 
a t  room temperature (Point A ) .  T h e  
thyristor is rated to pass no more than 
5 of peak forward blocking current 
a t  60 volts, the rated peak forward 
I~locking voltage, at  a junction tcmpera- 
ture of 125°C. A teniperature-con- 

t~ollecl o \ m  \\auld Ilc nccded to con- 
duct the test a t  125°C. Reverse block- 
ins  voltage ~voukd be measured in pre- 
cisely the same \Yay except the polarity 
of the slveep voltage ~vould  Ix reversed. 
Fig 4-2 is similar to Fig 4-1 except the 
applied voltage was increased until the 
thyristor stvitched to its on state ~v i th  
no gate voltage applied and a differ- 
ent vertical scale factor was used. A 
current-limiting resistor having a high 
resistance value was selected to limit 

Fig. 4-3. Switching conditions, 2N5061, 
with small gate voltage drive. 

POINT ii 
I 

the fortvard c ~ ~ r r c n t .  As the slveep volt- 
age approaches its peak value and I'oint 
A is reached, avalanche I~rcakdolvn oc- 
curs at  the middle one of the three 
junctions, and the four-layer device 
appears to Ile simply tivo f o r u x d  Ili- 
ased PN junctions in series. Currcnt 
suddenly increases therefore, l in~ited by 
the series resistance, and the forward 
~roltagc drop dccrcascs to a very lo\\, 
.i:aluc-Point B on the curve. .As the 

various values of applied anode-cathode vF (VOLTS)  - s\\.eep supply voltage increases further 
voltage; ( 4 )  the value of forward cur- to its peak value, forward current in- 
rent that holds the device in an  on  Fig. 4-1. Forward blocking voltage and creases from Point B to Point c. Cur- 
condition (holding current).  current 2N5061 thyristor. rent then diminishes as the slvcep sup- 

Thyristors are the same kind of semi- 
conductor device as Silicon Controlled 
Rectifiers. T h e  name thyristor is de- 
rived from thyratron, a gas tube con- 
trolled rectifier. The  name Silicon Con- 
trolled Rectifier is to distinguish the 
solid-state device from the gas-tube de- 
vice. Thyristors are largely used to con- 
trol the conduction duty factor of ap- 
plied alternating voltage, I ~ u t  they do 
have many other applications. They 
can be turned on at  any time the ap- 
plied voltage is of the correct polarity 
but then cannot be turned off until the 
applied voltage approaches zero volts, 
or  the currcnt which is f l o ~ \ h g  dirnin- 
ishes to a value that is very lolv com- 
pared to the permissible peak value. 

C U D  L A 

Fig 4-2. Switching conditions, 2N5061, 
with zero gate voltage drive. 

. . 

ply voltage drops to\vard zero. At Point 
D, not enough fonvard current remains 
to hold the thyristor in the on  condition 
and currcnt s\vitches off to I'oint E. 

T h e  valuc of current at  I'oint 1) is the 
holding currcnt for that set of concli- 
tions. The  conditions cxisting for F i s  
1 -2  arc: not n normal mode for oprr- 
ating a thyristor I ~ u t  represent a set 
of I~ormdary conditions. Forivarcl volt- 
age is not usually applied i f  it exceeds 
the rated fonvarcl blocking \,oltagc. :\nd 
some current or  voltagc is u s ~ ~ a l l y  ap-  
plied to the gate terminal to s\\,itcli thc 
thyristor on. Fig 4-3 is \.cry similar 
to Fig 4-2; the only diffcrcncc is that 
a small steady value of turn-on volt;\c~e 
Ivas applicd to the gate terminal for 



Fig 4 3 .  T\vo important diffcrenccs 
should I)e noted: S~vitcliing takes place 
at a lo\vcr voltagc and tlic \.alr~e of 
holding current is reduced. 

By adjusting the peak supply voltage 
to the specificd amount \vhile the gatc 
terminal \nitage is zero, (lie gate volt- 
age can then I x  slo~vly increased until 
s\\.itching occurs and the gatc voltaze 

then read from the dial. Go-no go tests 
can 11e ~ i l ade  11y first dialing up  the 
specified gate lwltage and observing 
\vhctlier s\c,itching occurs or fails to 
occur. T h e  source resistance for gatc 
voltage drive may Ix specified. If so, 
the source rcsistancc can he simulated 
by adding ;l resistor of appropriate 
\.slue in series ~v i th  the supply. 

Holding current is rlsually specified 
to 11e equal to or less than some maxi- 
Inuni value under stated conditions of 
tcmlxraturc, load rcsistancc anti anode 
supply voltagc. T o  select the specified 
\ d u e  of load rcsistancc using n tran- 
sistor curve tracer. Imtli the \ .due of 

T h e  gate current requircd to s\vitch a 
thyl.istor to the on state may I)c tested 
or  ~neasurcd 11y means siniilar to those 
used for gate voltage turn-on measure- 
~ncnts .  

the c ~ ~ r r e n t - ~ i i e a s ~ ~ r i ~ i g :  rcsistor and tlic 
sclccta1)le series resistor must I)e con- 
sidered. Sonictinlcs the corrcct \ d u e  
may Ix achieved only I q  using a third 
rcsistor applicd a t  the lest tclminals. 
The gate \wltngcrerquircd to s~vitch 
a thyristor to the on state at any given 
:~pplied anode-catliodc voltage can I)c 
dctcrmincd on  a Tektronix Type .57(i 
transistor crlrvc t~.:lcer. 

Fig 4-4 slio\vs the high-current fonvard- 
conductance on characteristics of the 
sanic thyristor as used in tlic foregoing 
fisurcs. T h e  for\varcl voltage drop a t  
a crlrrcnt of one ampere is 1.3 \.olts. 
T h e  specified masirnun1 is 1.7 volts. 

Fig 4-4. Forward conductance, 2N5061. 
Alternately on and off. 

1-Type 067-0544-00 Chlil~ration Fix- 
tlrrc for Type 647, SN 233. Nc\v con- 
dition. Contact: Mr.  Dan I'yko, S. S. 
(h., Standards I2almratories, 12800 
S o r t h  End !\venue, Oak I'ark, Michi- 
gan 4-8237. Telephone: ( 3  13) 3518-2 100. 

I-Type 67 Time Base Plug-In; 1- 
Type  72 Dr~al-Trace Plug-In; I-Type 
561; 2-Type 541A. Contact: J. Rez- 
:111ek or Johnny Wicnkam, Offshore 
Systems, Inc., 3000 Hicks Street, I-IOU- 
ston, Texas 77007. Telephone: AC(713) 
869-8241. 

INSTRUMENTS FOR SALE 

I-Type 526, SF.' 154-1. T\vo years old 
--only a hours use. I'rice: $1,500. 
Con~ac t :  D. K. McConncll, General 
Elcctrodyna~iiicn Corporation, 4430 For- 
est Lane, Garland, Texas 75040. Tele- 
phone: (21-1.) Broadway 6-1 161. 

I-Type 514-AD, SN 6009. Excellent 
condition. Scol~c-Mol~ile@ Cart and ac- 
cessories. Contact: Mr. Isadorc \llcr- 
lin, 39 C h l i d g c  Road, Meclford, Mas- 
sachusetts 0215.5. Tclcplionc: (61 7) 
KI8-ti700 or  a t  lionic (617) I-168-0520. 

1-Type B Plug-In Unit. Price: ap- 
lxoximately $80.00. Contact: Mr. Rob 
Goodman, C la rk - lhn l~a r  Company, 325 
Jackson Street, i\lcxandria, Im~is i ana  
7 1301. Tclcphone: ( 3  18) 44-3-7306. 

I---Type R56I :\, S N  5909. (:ontact: 
Sicuicns Medical of :\mcrica, 685 1,il)- 
erty Avenue, Union, New Jersey 071183. 
?. I clcphonc: (201 ) (588-5-100, Est .  257. I-Type Q Plug-In Unit, SN 2335. 

Contact: I h v c  Janicello, Photo-circuits 
Corporation, 33 Scncliff :\\.cnuc. Glcn 
(:o\.e, Nc\\. York 1 15-1 2. Tclephonc: 
( 5  16) OR(;-8000, Ext. 268. 

INSTRUMENTS WANTED 
1--Type 514:\13, S N  3955. Best offer. 
Contact: hf r .  Scldon I,nzaro\\., Yortcc 
C :o~ i ip~~ tc r  I h . . ,  Inc.. !)-I Nic.kcrson 
Road, :\sliland, hfass. 01 721. 'l'clc- 
phone: (ti1 7) 881 -31 GO. 

1-Type 515A/531A, or comparal~le 
scope for personal use. Contact: James 
Ladd, 5775 Kingfisher Lane, Clarkston, 
Micli. 3.801 6. Telephone: ( 3  13) 332- 
8111, Est .  7116. Home: (313) 625- 
154-9. 

I--Tylx 5-1-3, S N  351. Fully recondi- 
tioned. I'rice: $700.00. Contact: Pal- 
mer :\gnc\\*, 314 Front Street, Otvego, 
Ye\\. York 13827. 

1-Type 2X6O; 1--Type 3:\72; I--- 
Type 3:\1 Plr~g-Ins for 56.1 or .561:\ 
0scilloscopcs. Contact: Jack IIatton, 
The hlcciitron Company, Santa ! h a .  
Calif. Trlcplionc: ( T i + )  5-1 1-0-168. 

1-Type 54.5/555/585 Series, \vitli or 
\\.ithor~t plug-ins. \Vrite giving details 
and pricc. Contact: 1.V. D. Van Am- 
lxrrg, C M R  #5, Box 144.9, APO Seattle 
98737. 

I--Type 502, S N  007130 \\it11 202-2 
Scope-Mol)ile@ Cart.  Excellent condi- 
tion. Contact: hfr.  A. \V. Smith, Stancl- 
arc1 Sc~.c\v Co.. 1'. 0. Box 14-4-11, Hart-  
ford, Conn.  06102. Tclcplionc: (203) 
325-0821. Ext. 4-55. 

1 C-12 Camera. Contact: Rol~ Good- 
man, Clark-Dunl~ar Co., 325 Jackson 
Street, Alexandria, Imis i ana  71301. 
'i'clcphone: ( 3  18) 443-7306, 

1 --Type ,526, S N  1090. Price: $1,250.00. 
Contact: Mr .  A1 Kern, K .  1-1. (2. Inc., 
4202 South Regal, Spokanc, \\'ash. 
!)9203. Telephone: (509) KE4-0.51 I. 

?-Type 201-1 Scope-Mol~ile@ Carts. 
Contact: Mr.  Seldon Lazarolv, Nortcc 
Computer I h v . ,  Inc., 94 Nickerson 
Road, Ashland, Mass. 01721. Tele- 
phone: (617) 881-3160. 

I-~-Typc 512, S N  766. Price: $75.00. 
(:ontact: Mr.  Gerry Slicflcr, Beaverton 
School I)istrict, 13cavcrton, Oregon. 
Tclcphonc: (503 ) 644-3 101. 

I---Type -153 Oscilloscope, SY -1-38. 
Contact : F;ap11;1 Nct\vorks. 165 Roosc- 
\.clt :\\.cnr~c. ( h r t c t ~ t ,  Ye\\. J c~scy  
07008. 'I'clcphone: (201 ) 54 1-4226. 
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AN EXTENDED VALUE 
By John Durecka 

Two new solid-state oscilloscopes, 
the Type 5616 and Type 564B offer improved performance 
over a wide range of deflection factors and bandwidth. 

T h e  advent of the Type 561R/564B marks the second major 
updating of tlic 560 Series in the 8-year history of the in- 
strument. .', years ago, in a significant performance up- 
grading, the Type 561A I~ccame the first Tcktronis instln1- 
nlcnt \\it11 an  internal graticulc. At the same time, the po\ver 
supplies ancl CR?' rvcrc i l n p r o \ d  to optimize higher frc- 
qucncy instrument pcl.forlnance. 

T h e  25 plug-ins presently availal~lc for this scrics attest to 
the popularity a~icl versatility of this format. T h e  current 
updating improves the performance and cstcnds the meas- 
u rc~ncn t  capability of existins .5GO-Series plug-ins. The  use 
of plug-in sampling lieads no\v provides 1)C-10-14 GHz per- 
formance. There arc currently 17 vertical plug-in units 
(including 2 spcctrunl analyzer and 3 san~pl ing units), -1 
timc-lmsc units, and 3 sampling s\vcep units. In addition, 
the Type 565 I j u a l - I h m  Oscilloscope, the T y p c  568 Iligital 
IZeadou~ Oscilloscopc, ancl tlic Typc  129 Power Supply a11 

;\cccpt these plug-in units ( the  Type 565 docs not accept 
sa~npl ing pll~g-in \ ~ n i t s ) .  

'l'lic 'l'ypc .',(illi/:iti-i13 is ;ill solid statc \ \ i th  the csccption of 
t lie (:lZl'. T h e  nc\\. ~)o\vcr  s ~ ~ p p l y  design ~.c.;rllts in i l n p r o \ d  

7 .  

opclxtion over the speci f id  tcnlpcratul-c txngc. I h c  ~1111- 
plies arc I~cttcr regulated, more stal~lc, anti 11a\.c a lo\\-cr 
ohttixit impcdancc. 'I'liis design liolds s i ~ n a l  ct~osst;rlk t l i ~ ~ ~ u g l i  
thc po\\.cr s1p111y to a r ~ ~ i n i l n ~ ~ i n .  Short-p1.oof circi~itry is 
clcsignccl into all lo\\.-\.oltagc po\\cr sl~pplics. :\.; n result. 
lo\\--\.oltag:-c supplies ma!. 11c shorted to ground or each other 
\v i thou~ clalnagc to the ins tn~mcnt .  I:ig 1 illustlxtrs thc p r i~ i -  
riplc in\.olved. 



I'o\rer consumption of the Type 564B is decreasetl to less 
than 200 \\-atts maximum I\-hile the 561B is clccreasccl to 
less than 180 watts maximu~n (dependent upon plug-in units 
11sec1). h major advantage of this solid-state po\rel- supply 
design is that most of the potver is dissipated in the rear- 
mountccl heat sink. This provicles cooler operation of the 
plug-in units, as \\.ell as the main-frame circuitry 

The Typc 561B cali l~rator performance has I~cen significantly 
inlprovcd. The  frequency is I kHz within I 'i/c anti ampli- 
t ~ ~ d e  acc~lracy is 2% from 0" - -t5OoC. A I0 mA, 22% 
current loop is provided irith I~otli a 1lC and squaretvavc 
o ~ ~ t p u t  to pro\,idc a c ~ ~ r r c n t  prtrlx calibration signal. 

'I'hc cali lmtor output has I m n  changed from a 1-2-5 sc- 
qucnw to 5 decade steps from 4 mV to 40 \I. 'I'hc nc\v 
1-40-400 calil)rator scquencr chosen presents no  fractional 
division display on any  position of thc 1-2-5 deflcction- 
factor scquencc. 

The nc\\. calibrator is pictured in Fig. 2. Note that a 10-\: 
I)(: position is also included so the calibrator accuracy may 
I I C  checked \vith an  accurate 11C \.oltmctcr, IIVM, or dif- 
ferential comparator plug-in unit. 2-mV, 20-nlV, and XK-in\. 
50-52 o ~ i t p t s  arc availal~le to provide an  a d e q ~ ~ a t e  range 
for sa~npling plug-in calil~ration. 'Thc calil~rator is dcsigncci 
t o  Ix short proof to ground, thus offcring additional pro- 
tcction to thc instn~mcnt.  

, 1 , , SERIES R E G U L A T ~  

RECTIFIER 

SHORT-PROTECTION 

Fig. 1. Short-Proof Protection. Q1 is normally off. When a 
short demands high current from Q2, the drop across R1 
turns Q1 on and reduces the conduction of Q2 to limit the 
output current. D l  protects from shorting to another supply. 

Fig. 2. Type 561/5648 calibrator 

John Durecka, Project Engineer, monitoring a circuit on a 
Type 5618 and a Type 5648. Some of the 25 plug-in units 
currently in  production are shown in the background. 



STORAGE AUTO ERASE 

The Type 564B MOD 121N combines Tektronix split-screen 
bistable storage with automatic erase circuitry. This mode 
increases the versatility of the instrument since the split- 
screen displays can be automatically (and remotely) erased 
after a preselected vietving time of 1-12 seconds. A SAVE 
mode is also incorporated into the Type 564B MOD 121N. 
In this position, the auto-erase cycle is interr~~pted and the 
stored information is preserved. 

Remote operation is also a feature of the Type 564B MOD 
12 1 N. A ]ear-panel connector permits erasing of upper 
and/or lower half of the split screen from a remote loca- 

tion. In  addition, the SAVE function may 11e controlled by 
a contact closure to ground. 

Designing automatic erase into the 560-Series mainframe 
presented a difficult design problem, since it \\as necessary 
that all previous plug-ins be conlpatible xvith the circuitry. 
As a result, the auto-erase design chosen does not lock out 
the sweep during VIEW and ERASE. The s ~ e e p  is running 
during this time, but the trace is blanked at the C R T  grid. 
As a result of this design choice, all time base units, even 
those without single sweep capability, may be used for 
single-shot or auto-erase storage applications. The auto- 
matic-erase controls consist of an extra pushbutton for each 
half-screen display, AUTO ERASE, a varial~le VIEW TIME 
control (1-12 s) with SAVE position, and a rear-panel 
switch (Signal Triggered Sweep-Erase/Triggered Sn.eep). 

For most applications of sweep speeds faster than z 0 . 1  s/div, 
the Signal Triggered Sweep provides the optimum display. 
In  this mode, an end-of-sweep detector resets the AUTO 
ERASE circuit and the nest sweep after erase resets the logic 
to store the following sweep. The Erase Triggered Sweep 
position is useful at very slow sweep speeds to eliminate the 
waiting time between erasure and completion of the reset- 

ting sweep. In this mode, a slveep is initiated immediately 
after the end of erase. The table below indicates the modes 
available, limitations, and applications. 

10-pV PERFORMANCE NOW AVAILABLE 

The Type 3A9, DC-to-1 MHz Differential Amplifier Unit is 
illustrative of continued improvement in performance avail- 
able ~vithin the 560 Series. Long-term drift of this unit is 
less than 10 ,~V/11 and displayed noise is < 12 pV (10 p,V/ 
div at 1-MHz 1)and.ividth with a 25-R source resistance). The 
Type 3.49 provides a 100,000:l CMRR from DC-100 kHz 
with deflection factors of 10 ,,.V/div to 10 mV/div. Stacking 
of attenuators decreases the CMRR over the range of 20 
mV/div to 10 V/div. 

ii separate input for a current probe has Ixen provided on 
the Type 3A9, eliminating the necessity of an external cur- 
rent probe ternhation. When a P6019 or P6016 probe is 

used, this built-in termination extends the low-frequency re- 
sponse, providing a I~andtvidth of 10 Hz to 1 MI-Iz. The con- 

venient color-coded current/div scale allorvs direct reading 
of currents from 1 mA/div to 1 A/div. 

A DC differential offset provides a variable DC voltage 
to measure small signal components (voltage or current) 
over a wide differential dynamic range (1  V-1000 V ) .  The 
unit recovers to ~vithin 0.5% of zero level in less than 10 ,ps 
after removal of an applied voltage. Color coding on the 
front panel indicates at a glance the DC offset range for 
the various sensitivities. Both upper and lower 3-dB fre- 
quency points may be selected to optimize noise attenua- 

tion and to provide AC coupling at very low frequencies 
(0.1 Hz). 

The Type 3A9 also provides a front-panel, DC-coupled 
SIGNAL O U T P U T  for recording purposes. The signal is 
I~rought out at 1 V/div \\it11 a dynamic range of 2 5  V, 
I~andpass of DC-to-500 kHz, and output impedance of 100 0. 

An internal potentiometer allows precise adjustment to 
ground reference. The circuit is capable of driving loads 
of 10 kR and above. For further details on any aspect of 
the 560-Series Oscilloscopes and Plug-Ins contact your local 
field engineer. 

MODE I 

AUTO ERASE MODES 

OPERATION I 

i USE 

Signal Triggered Sweep Erasure occurs after viewtime. Sweep can I General-purpose sweep displays (0.1 sldiv 1 be signal triggered after next retrace. i and faster). 

Signal Triggered Sweep 1 Display erased at regular intervals at a I No sweep available - X-Y display. 
(Erase pulse output grounded) rate set by viewtime multi-vibrat 
-.- . . .- .. .- . - 

Erase Triggered Sweep Every sweep unblanked-sweep 
from vertical-viewtime and erase 

Erase Triggered Sweep 1 Sweep is triggered at end of erase. No Spectrum Analyzer displays (0.5 sldiv and 
(Erase pulse output to ex- coincidence between sweep starts and 
ternal trigger) 1 signal. ! 
SAVE Interrupts auto-erase cycle. I Retains desired information on screen. 



COMPONENT 
Many different technologies are pursued within Tek- 
tronis to ensure masimum flexibility in design. Some 
of the significant Type 576 components developed 
a t  Tektronis are nearly overshadowed by the more 
dramatic overall performance of the instrument. 
These component technologies are responsible for 
many of the characteristics of the Type 576. 

T h e  new rectangular 6.5-inch C R T  provides a 10 s 
12 cm bright, high-resolution display, and has nearly 
twice the display area of the Type 575. This use 
of a large ClZT also minimixs operator f a t i g ~ ~ c  
when the instrument is used in a production envi- 
ronment. 

A high-reliability cam switch has been developed 
which reduces lorque requirements by 505; ovcr 
con\entional switches. The low torque is a result 
of a more efficient system of actuating contacts. The  
cam switch has lower frictional drag than conven- 
tional switches since less clips arc engaged for any 
switch position. Life tests indicate the life of this 
switch to be at  least twice that of conventional 
switches used in this application. T h e  switch is 
mounted on a circuit board which provides space 
for mounting closely associated components. The  
basic operation of Tektronis cam switches is much 

TECHNOLOGY 
the same as a music bos drum. Cam high points 
contact clips on the circuit board which close the 
circuit. The  manufacture of the switch is applicable 
to numerically controlled equipment, and thus, the 
tolerances may be controlled more accurately. 

The Type 576 is the first Tektronis instrument to 
use Tektronis integrated circuits. The  use of Tek- 
tronis IC's in this application, simplified lo,' VIC corn- 
plcsity and decreased the cost ovcr the alternati1.e 
of using com~nercially available IC's. 9 Tektronis 
devclopecl and manr~facturcd IC's of 5 different 
types compose the logic that is required for beta/div 
computation and lamp driving functions. 

Tektronix assembles the optical fibels which trans- 
mit light from the lamps to the plastic front-panel 
display module where the characters ale formed. A 
single card contains the I C  decoder computer. lamp 
drivers, lamps, and display module. 
r J ektronix resistors, capacitors, transformers, induc- 
tors, relays, circuit boards, and plastics are used where 
necessary to assure the best overall design choice of 
component. This diversified technology assures the 
user of dependable components designed to do spe- 
cific tasks and results in more stable consistent in- 
strument performance. I 
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CURVE TRACING DISPLAYS 

The Type 576 displays one or more characteristic 
curve5 of two and three ternlinal devices. By apply- 
ing a constant \.oltage or current to an input terminal 
and sweeping the output terminal with a half sine- 
wale of voltage, a single characteristic curve is gen- 
crated. By applying a stair-step signal (step genera- 
tor) to the input and sweeping the output terminal 
(collector supply) once for each succes3i\,c step up to 
10 curves can be displayed. For maximum flesibil- 
ity, the steps may be current or voltage, positive or 
negative, and offset by a positive or negative value 
of current or voltage. 

Although the collector sweep is normally a rectified 
sinewalre, it may consist of an  unrectifiecl sinewave 
(simultaneous monitoring of reverse breakdown and 
forward conduction), or a manually controllable 
D C  potential (eliminates the trace looping effect 
of the collector-to-base capacitance in low current 
devices). 

The  horizontal amplifier may select base volts or col- 
lector volts and the vertical amplifier may select 
collector current or emitter current (high-gain leak- 
age mode).  Both amplifier may select the step gen- 
erator output. 

A display amplifier with magnified offset capability 

provides display accuracies of up to 256 with either 
the horizontal or vertical amplifier. 

The usual grounded emitter configuration for tran- 
sistors normally displays collector voltage on the 
horizontal (or base volts) versus collector current 
at  various drive levels. Grounded base configura- 
tions may also be shown. 

The  576 Curve Tracer is useful for diodes, tunnel 
diodes, zener diodes, SCK's, small signal and power 
transistors, FET's, MOSFET's, unijunctions, and 
other devices. Some of the advantages of curve trac- 
ing versus a D C  point-by-point measurement are as 
follows: 

1. Irregular characteristics arc visible that may 
be overlooked on a point-by-point basis. 

2. T h e  device may be monitored over a wide range 
of operating conditions. 

3. Dependence of one parameter upon another is 
clearly seen. 

4. Changing magnitudes of 2 parameters can be 
observed simultaneously. 

5. Characteristics arc obtained quickly and easily. 

6. Quick comparison capability-quick permanent 
record by photography. 
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By Bill Verhoef 

The Tektronix Engine Analyzer System is designed to provide information 
for effectively evaluating engine, pump, and compressor performance. 
By using this oscilloscope information, potential problems and trends 
can be detected and corrective action taken before extensive damage 
occurs. Preventive-maintenance overhauls may be eliminated or delayed, 
since the analyzer detects trouble spots without unnecessary downtime. 
The Engine Analyzer System is also useful as a standard general-purpose 
laboratory oscilloscope. 

COVER 
The rotating film disc shown is the heart of the Rota- 
tional Function Generator (RFG). When coupled to an 
engine or compressor, the RFG generates three wave- 
shapes: outer ring - loo, 60°, and 360° (TDC) 
markers; second ring - sawtooth ramp; third ring - 
sinewave with harmonic content (equivalent to piston 
volume). 

4 CHANNELS OF INFORMATION 

Tektronis Engine Analyzers offer sin~ultaneous observa- 
tion of pressure, ignition, vibration, and crankshaft 
rotation. These quantities may all be observed as a 
function of time, crankangle, or piston displacement 
(i.e., P-V diagram). Tektronis Engine Analyzer Sys- 
tems consist of a Type 561B or 564B oscilloscope, two 
plug-in units, and a rotational function generator 
(IIFG) with appropriate transducers and cables. 

By using the 4-trace electronic switching capability of 
thc Type 3A7.1 Engine Analyxr Amplifier, one charge 
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amplifier and 3-\.oltagc channels ( I X - 2  MHz) are 
a\.ailable. 'I'lie operator is pro\.iclccl wit11 new case in 
interpreting displays, since all transclwcr outputs may 
be monitored sirnultancor~sly. 

The 564B Split-Screen Storage Oscilloscope is ideal 
for use with Engine Analyzer plug-ins. Either half of 
the CIU' screen rnay be independently controlled and 
used for con\-entional non-stored displays, or informa- 
tion rnay be stored on the CIiT phosphor up to 1 hour. 
Storage is particularly con\.cnicnt when making pressure 
n~easurements, since 10 or niore engine cycles may be 
stored on the display ancl changes cletcctccl in pressure. 
Pre-ignition problems arc also readily observed. 

PREDICTABLE MAINTENANCE 

Vibration pickups, normally piezoelectric crystals mount- 
ed on a magnetic base, may be placed anywhere on an 
engine or compressor to analyze the \.ariorls i h x t i o n s .  
Operators can thus detect leaking valves2 piston blow- 
by, destructive detonation, excess i~ .~  cylinder ring wear, 
and other signs of wear ancl deterioration. 

Ignition measurements arc useful for proper engine 
timing and assist in detection of a wide range of ig- 
nition problems. Faulty spark plugs, point arcing and 
I~ouncc problems, faulty condcnsors~ ignition coils ancl 
proper engine timing may all be obser\.ecl with an  
ignition probe. 

Pressure monitoring allows detecting peak-firing pres- 
sures, colnprcssion prc~ssr~rcs. carly or Iatc cylincicr fir- 

Fig 1. The Tektronix Engine Analyzer System allows sirnul- 
taneous monitoring of pressure, crankangle, ignition, and 
vibration. 

ing. and pie-ignition of the engine under test. P-V 
diaql arm cletel mine indicated engine hor sepowei and 
o\ era11 perfor mancc in enqines, pumps, and com- 
111 essors. 

ROTATIONAL FUNCTlOM GENERATOR 
-- 

'l'hc 'l'ektronix En+ne Analyzer includes a rotational 
function generator (1iFG) that is mechanically cou- 
pled to the engine under test and generates l o 0 ,  60°,  
and 360" crankangle markers. 'The l i F G  operates to 
a maximum of 20,000 r / n ~ i n + ~  and generates three sep- 
arate outputs as shown below. 

A sawtooth ramp for displays 
related to crankangle. 

A sinewave with approxi- 
mately 6% second harmonic 
content to provide piston vol- 
ume as a function of crank- 
shaft rotation ( r / l  = 1/4).  

A Crankangle markers in lo0, 
60°, and 360" ~ncrements. 

Fig 2. Rotational function generator waveshapes. 

The  various marlters ( l o 0 ,  60°, 360" ) have different 
amplitudes and are clisplayecl in ruler form on one 
trace. These rnarlccrs are coupled internally into chan- 
nel 2 of the Type 3A74 Engine Analyzer Amplifier 
Unit. A top dead center ( ' I ' I X )  mark is obtained from 
a magnetic pickup sensing a marker on thc flywheel. 
This magnetic pickup signal is then easily superiin- 
posed on channel 2 to coincide with the I iFG 360" 
marker. The  1iFG \~olume signal is then aligned with 
the particulal cl linder of interest 

T h e  l i F G  generatcs the wave shape necessary for deter- 
mining piston displacenlent at any point in the com- 
bustion cycle. TO accon~plish this, the l i F G  generates 
a waveform containing 6.35% second harmonic to ap- 
prosinlate an r/1 ratio of 1/4 (the ratio relates the 
length of the connecting rod (1) to the radius of the 
circle described by the rotation of the crankshaft ( r ) ,  
see fig 3)  . This w a ~ d o r m  is then used to generate 
the V axis for a P-V dia, w a n ~  curve. 

"(RPAl) Rcf IEEE Standard Syml-rols for Units IEEE No 
'160 Jan  1965 



Most: engines have r/l ratios ranging between 1/3.5 
to 1/6. T h e  chart below shows the displacement for 
various values of crankshaft rotation for r/l ratios of 
1/6, 1/3, ancl 1/3.5. Rased on a 100-111111 displacement, 
the I / +  masimum displacement error of the RFG (a t  
90" of crankshaft rotation) is only -2.15 mm and 
+0.95 111111 respectively. Thus, a variable r / l  control 
is not required. 

Once a P-V display is o l~~a incd .  incan cffCcti\c 111~5- 
sure can be found as it is p ~ o p c t ~  tional to the alea 
within the loop. T h e  mean effccti\e pressure is then 
used to determine the indicated horsepower of the 

ensine by the formula H P  -- PLAN 
%1000 

. I n  the case 

of a &-cycle engine it is necessary to cleterminc the dif- 
ference between the two loops since one is negative 
work and the other is positive work. 

P = Incan effccli\x pressure (Il)f/in" .E 

I, = length of piston stroke ( f t )  
h = cross-sectional a r m  of cylinder ( in2)  
N = slxccl of rotation ( r /min)  1 N/2  (3- cycle) I 

PRESSURE MEASUREMENTS 

Pressure measurcmcnts arc made with the Tektronis 
Engine Analyzer by using a piezoelectric pressure trans- 
ducer and a charge amplifier (channel 1 of the Type 
3,474 Engine Anal).zcr Aniplificr) . 50 feet of sl~ccial 
'l'e!it~.ol~is cicsigned lo\\.-noisc cable is r~secl to connect 
tllc prcssu~-c transducc~r to tlic amplifier input. (:able 
noise is not apparent \\.it11 tllc spccial lo\\.-noisr cal~lc 
supp l i~d .  

3 ( p ~ i )  Iicf I E E E  Standard Symljols for Units  IEEE No 260 
Jan  1965 

Fig 4. Pressure 
loop is the mean 
accurately with a 

vs cylinder volume. The area within the 
effective pressure and may be determined 
planimeter. 

The  low-noise cable, the pressure transducer, ancl the 
cha~mel  1 amplifier allow three displays of cylinclcr 
pressure to be quickly ancl easily obtained: ( 1 )  Pres- 
sure \.crsris cranliangle; ( 2 )  Pressure \.ersus cylinder 
\dunnc;  (3)  Pressure \.ersus time. 

T h e  Telitronis Engine Analyzer System measures the 
charge of the pressure transducer instead of a voltage. 
As a result, the system is insensiti\,c to \xiat ions in 
transducer or cal~lc capacitance. 'I'his fcatrn.e enablc; 
the Engine Analyzer Systcin to llsc cahlcs as long as 

rod 

radius 

I 
\\ ', Fig 3. The table above shows the amount of deviation from 
\ an r / l  of 114 as the crankshaft moves the piston from mini- 

\./ mum to maximum displacement. Note that the maximum 
180 displacement error (90°) at 113.5 is -1-0.95 mm and at 116 is 

Relationship of Cylinder Volume VS Crankshaft Angle --2.15 mm. 





\.ided in a 1-2-5 sequence. 'I'hc transducer can stand 
o\.crload of 9000 Ibf/in2 which enables it to withstand 
knocks in tlic transducer access pipes. 

'l'lie c1ia1.g~ aniplific~r of channel 1 can 1~~ srt for c'itlics 
1,ONG ( Z - l s !  or SI-IOII'I' ( ~ 0 : l  s )  scxco\wy tinw. 
and is constant in all PSI/I)IV positions. '1'11~ lo\\.- 
frequrncy rcslmnsc is 0.05 Hz (1,OKG) and 0.5 I-Iz 
(SI-IOII'I') . I,ong reco\.c>ry tinlcs arc ~wrrnally sclectctl 
I~clo\v 600 r/niin. and \\.licrc critical 111~ssi1rc. Incasrlrv- 
Iilcnt is rcqr~ired. 

VIBRATION MEASUREMENTS 

'l'hc, pirzocl(~tric \ i l~ral ion tl.ansdr~crr is cap l ) l c  oi  
1000 g's ~ i ias i l i i~~l i i  acc(~lrsation O\TS a sang(, of --I-0" 
(I to -1- 150" (:. 50 feet of the T'clitronis tlcsigncd lo\\- 
noise cablc is proi~ided to connect the \.ilxxtion trans- 
ducer to one of the ctlanncls of tile k h a n n c l  amplifier. 
7 .  I h c  ~ ih ra t ion  transducer normally p r o \ + k l  with a 
'I'cktronis Engine Analyzer has a scnsiti~.ity of nominal- 
ly 6 mV/g (-&:< niV/g with tlic 50-foot included cable). 
Vibration transd~lccrs arc proviclcd with a calibration 
chart for the i~lciiviclr~al transducer. l'lic \.ibration trans- 
ducer has a bancl~vidtl~ of 40 I-Iz to I5 kHz into the 1 
;\I!! inipdancc. of t l i c b  -1.-tmcc alnplific~~.. \\.it11 a r1w- 
nant frcyr~cncy ( i- 2.5 d13) a t  nl)prosililately 10 liI-12. 

Fig 5. Two basic sounds of interest in engine analysis. The 
hammering sound has a steep wavefront while that of the 
leaking sound is much more sloping. The circled area in the 
bottom photograph indicates a piston slap condition. 

'I'lic 10-kHz rcsonant frcciucncy cnl~ances tlic indication 
of nicchanical sllocli~ (\.al\.e closings, loose piston rings) . 
and leaking gases (blo\v-by). This transducer also aids 
the operator I)y filtering out the low-frequency ~. i lxa-  
tions of lesser interest (Iselow 40 H z ) .  

IGNITION MEASUREMENTS 

'I'llc 50-foot lo\\.-noise ignition probc consists of a 1000X 
capacitive attmuator that clanips onto tlic secondary 
coil ancl spark plug \$,ire and prescnts a signal to the 
oscilloscopc. ' 1 ' 1 ~  csact attenuation of the ignition 
pickoff is clcter~nincd by the capacitance hetr~ecn the 
pickoff and thc sccondary lead (z I0 pF)  and the built- 
in capacitance of the prolx~. 'l'lic probe may easily he 
ca1il)ratccl 1)): using a piece, of sinlilar cablc ancl tlic 
oscilloscope c a 1'1 I )rator. 

M q n c t i c  picl i \~l~s as(. usc~l to intlicatc tlic 'I'IX: of a 
piston 11y cletccting a liolc or stccl stud on tllc fly\vllcc~l. 
' I ' I i (~  ~ l sc  of magnrtic p i c k ~ ~ p s  eliminates tlic incon\wi- 
icmcc, of tillling lights. It is no 1ongc.r ncccxary to con- 
nect to the high voltage of a spark plug buried some- 
\vhcrc inside the head of a large engine. I n  addition, 
thrrc is no largc cable capaci~ancc loading the seconcl- 
ary o f  the ignition systeni and affecting the timing. 

HORIZONTAL DISPLAY 

T h e  horizontal display capabilities of the Engine An- 
alyzer arc time. cranl.rang1e rotation, and piston dis- 
placement. The  single-sweep mode of the Type 2B67 
Engi~lc, Analyzer is a\.ailal~lc for time clisplays as wcll 
as for 2 or -I.-c)~lc engine \ d u l n c  and crankanglc clis- 
plays. 

A tr iangdar horizontal modulation signal is provicled 
when no horizontal output is present. This safety pre- 
cat~tion prc\.cnts accidental (:IIrl' phosplior Inrns.  TVhcn 
using thc timr Imic tlir sweep may he triggered ex- 
ternally by the I iFG (this connection is built-in), mak- 
ing the triggering iinsensiti\~ to ignition IIFI.  

'I'hc rotational function generator operates on a photo- 
electric principle and is a compact lightwciglit unit 
with very lo~v rotating torque and a 1 : 1 ratio. Thc  
1io11sing unit is easily rotated for alig~lmcnt with indi- 
\.idual cylintlcrs and has an aclj~~stablc dial 111arliecl 



in degrees to measure the amount of this rotation. A 
polarity switch is provided, so regardless of crankshaft 
rotation, the desired crankangle sweep direction is ob- 
tained. 

SUMMARY 

'The Tektronis Engine Analyzer System provides valu- 
able information on engine, pump, and compressor 
pcrforlnancc. The  ability to simultaneously monitor 
pressure, ignition, vibration, and crankshaft rotation 
provides sufficient information to analyze most prob- 
lcms before extensive claniagc occurs. 

Bill Verhoef, Engine Analyzer Project Engineer, monitors 
an Engine Analyzer display. 

l'ektronis manufactures a line of oscilloscope cameras. 
, I Ime calncras all use Polaroid" hacks and arc ideal 
for maintaining a history of an engine's pcrformancc. 

A convenient carrying case is provided which contains 
all cables, transducers, and accessories required. I n  
addition, space is provided for a planimeter, Polaroicl 
film, timing light, and small tools. 

Further information on Tektronis Engine Analyzer 
Systcms is a\.ailable on pages 178-182 of thc Tektl-onis 
1969 Catalog 2211. or from your local field c%nginccr. 
A cle~nonstration is a\,ailablc 11y contacting any of thc 
52 ficlcl officc,s scr\,ing the Unitccl States. 

'Registered Trademark Polaroid Corporotion 



measuring conventional 

oscilloscope noise 
By Val Garuts and Charles Samuel 

Noise-random and specific unwanted variations of the trace on a cathode- 
ray tube (CRT)-is a limiting factor in high-sensitivity measurements with 
an oscilloscope. The amount of noise visible on a CRT display depends 
on the oscilloscope's bandwidth, deflection factor setting, the ambient tem- 
perature, power line waveform characteristics, and other factors. 

Small amounts of noisc mually ha1.c little effect on os- 
cilloscope display interpretations. As a result, instru- 
nicnts ~vitll less than aborlt 0.2 cli\.isions of noisc cle- 
flection clo not generally ha1.c noisc performance speci- 
fied. Instruments with more than 0.2 divisions of noise 
deflection may h1 .c  pcrforniancc areas which are noisc 
liniitccl and thus: a l~crformance specification is re- 
quired. If the visible noise is much larger than this 
it may affect ~neasurements made with the oscilloscope. 

1 .  Ilcterminc the noisc on the clisl~lay Ily measuring 
it a t  some output point with an KMS voltmeter. 

2. Obscr\.c the apparent trace width on the CIIT. 
3. Ilisplay n known signal and determine the amount 

of noisc ~Irescnt 11y tai~gential ineasuremcnt (clis- 
playecl noise) . 

NOISE MEASURED WITH METER (RMS) 

r 7 I he most rcpeatablc nleans of measuring noisc is with 
a liMS 1-oltmetcr. 'This method rcquircs access to the 
signal before it is clisplaycd on the Cli?'. A calculation 
is necessary to con\.crt RMS noisc to a \ d u e  corrcs- 
poncling to thc CI:7' ol~scr\.ation. 'I'lic meter n~u.r t  O(' 
conncctccl to the proper impcclancc point in the circuit 



or the measured noise alnplituclc will be incorrect. RMS 
\dtmctcrs arc seldom used to describe noise for os- 
cilloscope displays Ixxa~lse : 

1 .  Oscilloscope users generally arc interested in a 
specification ~ v l ~ i c h  can bc mcasurccl directly from 
a C I i T  observation. 

2. T h e  complesity of the various sources of noisc 
make it impractical to completely specify noisc 
and difficult to cletcrminc wl~cre  in the circuit l o  

make the measurement. 
3. T h e  meter Ixmclwicltll will affect the result. 
4. E s p e n s k ~  instrumentation is requirecl to \.erify the 

specification. 

APPARENT TRACE WIDTH 

l ' he  nos t  convenient method of noise measurement is 
to detemiine the peak-to-pcak vertical trace width clue 
to noise. Measurina the noise directly a t  the ClYI' gra- 
ticulc is also the simplcst way to determine the amount 
of noisc prcsent. 'I'his rcquircs no cstra equip~ncnt 

I ~ u t  is uscful only on small amounts of noise cleflcction 
\vhere accuracies of -+50C;; or so are adequate. 

licpr;ital~lc lncas~~rcilicnts arc clifficult to ol,tain nit11 

clcflections largcr than 0.2 cli\.isions. 1)ifferent amounts 

of noisc arc read a t  different times and the apparent 
noisc \value is cl~angccl by ambient lighting and tracc 
intensity. 'I'hus, this method is not adequate for \wi-  
fying noise performance unless the specification is 0.2 
di\.isions or Icss. \\'it11 t l ~ c  apparent trace \vicltll 
~ l~c tho t l ;  it is only possible to state that the noisc \ d t -  
age is ~vitllin a certain \due, for the timc it is olxer\wl. 

DISPLAYED NOISE 

Traclitionall~. the arnplitucle of iancloni noisc in an 
aniplificr has been stated by an  ecp i \den t  RMS value 
of the noise rcferrecl to the input. As previously dis- 
cussed, describing tlic noisc ampli t~~cle by stating its 
liMS value is somewhat unsatisfactory for Cli'I' dis- 
plays. 

Noise interferes \vitll an oscilloscope's usefulness and 
appears as a visible widening of the trace. This reduces 
the oscilloscope's ability to display and measure small 
\.ertical clcflections. A measure of noise-limited resolu- 
tion may he obtained by notins the vertical signal am- 

RMS noise 
2.5 mV t 2 - 5 %  

Apparent trace width 
15 mV 5 50-300°/o 

Displayed noise 
5 mV -:- 10-20% 

Fig 1. Example illustrating relative amplitudes and accuracies of the three methods used to measure conventional oscillo- 
scope noise at Tektronix. 
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plitude which will merge two noise tracer into one. 
Noise measured in this manner is defined as displayed 
noise and is measured by the tangential noise measure- 
inent method. This method of stating the noise is mole 
meaningful than the RMS \ aluc, since it more closely 
approximates the actual effect of noise interfering \vith 
measurements. I t  is also much inole repeatable than 
just obseiting the trace lviclth. 

1 .  A squarcwa\.c generator, with an internal or cs- 
tcrnal \&able attcnuator, to pimcluce a frequency 3. Set the oscilloscope \.ertical volts/clivision to the 
1/10 or less the bandwidth of the oscilloscope. deflection factor where the noise is to be meas- 

2. A precision (e.g., 1 y ;  ) lOOX attenuator. ured, and apply the signal from the test setup 
3. Necessary terminations, cables, etc. shown in fig 2. hcljrlst thc square\va\.e amplituck 

13y following the steps below, the clisplaycd noisc is so two bands of noise can be olsser\.cd on thc Cli?', 

easily measurecl. scc fig 3. 

. -.. . - . . . . -- ... . 

TANGENTIAL NOISE MEASUREMENT 

.. -. 

2. Adjust the oscilloscope srvccp controls for a free 
running sweep a t  about 0.2 ms/cliv. Adjust the 
oscilloscope intensity control for comfortable \ k v -  
ing; also adjust the focus and astigmatism con- 
controls i f  ncccssav!.. 'l'hc setting of thc (:lirI' con- 
trols is not particularly critical. Any intensity 
which produces cornfortable viewing may be used 
and sweep timc can Ila\.c any \.altlc that docs not 
produce flicker. 

'I'his method is ~lseful with all noise-lin~itcd instruments 
(al)paren"tracc \viclth of 0.2 cli\.ision or grcatcr) . 'l'hc 
ccluil~nwn~ rcquircd is listctl I~elow: 

4 liecluce the squaiewa\e amplitude till the two 
noise band\ n m q e  (the point where the darker 
band Isctwecn the noise bands just \ anishes) , 
ice fig 4. 'I'hc linal anlplituclc acljuitmcnt should 
be inaclc slowly, since the obscivcr may adapt to 
the pattcin and tend to obscl\ c a iesidual d a ~ h  
band wheic none is obsc~\alsle a few seconds later. 
A total adjustment time of 1 minute is typical 

Fig 3. Initial setup for tangential noise meas- 
urement. 

5. Remo\e the lOOX attenuator from the square- 
wa1.e path, change the oscilloscope deflection to 

S TO OSCl LLOSCOPE 
V E R T I C A L  INPUT 

P 10 X ATTEN 10 X ATTEN 

a 100 X ATTEN 

Fig 2. Equipment setup for measuring displayed noise. 



Fig 4. Final Adjustment. Dark band between 
the noise bands has just vanished. 

a suitable \ alue, and measure the sqrlalcwa\ c am- 
plitude. I)ividc this amplitucle by 100 to ol~tain 
the amplitude of the clisplayed noise. 

RELATIONSHIP TO RMS VALUE 

For tlle very common case of a Gaussian noise arnpli- 
tuck distribution (e.g., thermal resistance noise), tan- 
gcmtially mcasurccl clisplayccl noisc has a sirnple rela- 
tionship to R M S  noisc: displayed noisc z 2 X  l iMS 
noisc. A connnon situation where these relationships 
do not llold is for essentially Gaussian noise mixed with 
a comparable amount of single-frecj~~cncy signal ( i c ,  
hum) .  

a 205; brightness difference may he percci\~ed by most 
operators since conditions such as size, absolute bright- 
ness, and rclati\,c brightness are uncler the opcrator's 
control. Statistical analysis of intlcpcndcnt measure- 
ments indicate that 99'; of all olxcn.ations should 
lie \vithin 205; of the mean of all ol)scr\.ations. 

T h e  relationship of the three measurement methods dc- 
scribed was cletcr~nined 11y expcrinicnt. Values \verc 
deter~nined for the con\wsion factors described in the 
follo\ving 2 equations: 

Noise measured with a l iMS meter X conversion 
factor 1 = displayed noise. 

1)isplayed noise X con\wsion factor 2 -- apparent 
~ ) ~ a k - t ~ - ~ ) ( ' a l i  trncc \vidtll of noisr 11antl. 

Fi1.e obscr\ws made measurements on each of 13 Tek- 
tronis Type 545B/IA7A Oscilloscopes. They made 
judgments of the amplitrcde of the noisc hand obscr\xd, 
~neasured the R M S  noisc \vith a meter at the signal 
output connector of the Type 1A7A: and measured the 
displayed noisc by the method just tlescril~ecl. These 
observations were tabulated and the conversion fac- 
tors were determined. 'These conversion factors indi- 
catcd that tllc following rclationships arc. \.alitl for 
conventional oscilloscopc!s : 

Displayed noise -2 RMS equivalent noise 

apparent trace width 
Displayed noise z 

3 

Note that the ~ i s ib l c  effects of  ando om noisc on a C I i T  
display (apparent trace \ticltl~) is a p p ~ o ~ i m a t e l )  6 
times the I iMS noise value. 

ACCURACY AND REPEATABILITY CONCLUSION 

' 1 ' 1~  rcpcatability of the tangential nlcthotl is rclati\dy 
unchanged by changes in trace intensity or a m l k n t  
lighting. 'I'hc nieasurcnlcnt accuracy clel)cncls primar- 
ily on the uscr's al~ility to clctcct sniall cliffcrcnces in thv 
brightness of two adjacent regions. This clifferencc 
threshold depends upon the ahsolute brightness of the 
regions, the brightness relative to background, the close- 
ness of the regions (rate of change of brightness with 
dimension), the absolute angular size, and other fac- 
tors. Under optimal conditions, brightness differences 
as small as 2(; can bc sccn: a 50'; l~rightncss tliffcr- 
cncc is always easily pe rcc i \d .  Experi~ncnts indicatr 

A tangential noisc measurc~nent requires a m i n i n ~ u n ~  
amount of equipment and offers an accuracy of ap- 
prorinlatcl!. "20";. ' I'hc mean of 5 observations 
should be accurate to t 1 0 5 ; ,  proviclcd a particular 
o b s c r ~ ~ r  has no fixed bias. I n  comparison, the accuracy 
of the apparent trace width measurements may 
sc\.cral hunclrcd percent. T h e  I iMS meter is slightly 
more accurate than the displayed noise tccllniquc but 
requires more care and additional equipment to makc 
an accurate measurement. As a result of these conclu- 
sions. all nc\v 'l'cktronix con\.cntional oscilloscolx~s spec- 
ify displayccl noisc pc:rfornlancc 1)). thc tangential 
nictl~ocl of mcasurcmcnt cliscl~ssccl. 
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TROUBLESHOOTING THE POWER SUPPLY 

By Charles Phillips 
Product Service Technician 
Factory Service Center 

The  po\vcr s1111111y is tlie most f~rndaiiiental I~locl; of an 
oscilloscopc. T h e  pcrforiiiancc of the instruinelit is only 
as good as tlic condition of the po~vcr  supply. T h e  folio\\.- 
ing infor~natioii ~vi l l  assist in checking and ol~taining the 
optimr~in perforinancc from Tektroiiis po\vcr s~rpplics. 

I .  C k c k  control settings. 
2. CJheck associated equipiiient. 
3. Thorougli visual clicck. 
4. (:heck instrument calibration. 
5. Isolate troril~lc to I~lock. 
6. Check \.oltages and \va\.cfornls. 
7. Check inciividr~al components. 

Incorrect ol~crsrion of all c i r c ~ ~ i t s  usually indicates t r o ~ ~ l ~ l c  
in tlic po\\.cr srrpply. Clicck first for correct voltage of the 

indi\~itlr~;rl supplic~s. IIo\\ .e\w, n defccti\,c c.o~nl~oiient clsc- 
\ \kcre  in thc instrt~mciit can appear as a polvcr-supply 
t r o l ~ l ~ l c  and may also affect the operation of other circrrits. 
A short circuit in an); regulated supply may cause the out- 
put Icvcl of all supplies in the instru~ncnt to drop to zero 
rrnril the short is remo\~cd. If the orrtprrt level of all the 
supl~lics is iiicor~.cw, clicck t1i;lt the I i n c  \'oltagc Sclccttrr 
Assc~lii)ly is sct fol. ~ l i c  co~.rcct line \nltngc ;111d rcgtrlatiiig 
I-ange. 

Most T ~ k t r o i i i x  manuals list the tolcranccs of tlic po\vcr 
supplies. If ;I po\vcr-supply voltage is \vitliin tlie listed tol- 
crancc, the supply can Ix nssr~iiiecl to IIC ~vorking correctly. 
If outside the tolerance, the supply nray 11c misadjmtcd 
o r  operating incorrectl).. \Vlicn testing for shorts or over- 
loads, ~ . c i i i o \ ~  the loads froni tlic output filter. Check tlic 
resistance of cacli to segregate I\-liicli load is causing the 
s1io1.t or ovcrloncl. Nest, look in tlic clcfectivc circuit for 
connections from the polver supply directly to grouild. 
Iliodes and potention~ctcrs arc  a good place to statt .  

CHECKING POWER SUPPLY REGULATION 



voltage. This point is the lo\\.-line regulation voltage (low- 
line regulation is checked in this manner I~ecause of the 
regulator tube characteristic of holding gain \\-hen heated).  
Nest, increase the line voltage to the point \\.here the sup- 
ply starts to go out of regulation. This point is the high- 
line regulation voltage. Fig 1 illustrates the various line 
conditions normally cncountered. 

Fig 1. Regulation indications of a typical tube-type power 
supply. 

POWER SUPPLY NOISE 

.A p v e r  supply voltage \\.it11 noise or  microphonics can of- 
tcw I I ~  located l ~ y  rapping softly ~v i th  a finger. The  finger 
acts as a convcnient, rcasonal~ly uniforn~ reference \$.hen 
~llccliing for noisc. It is often helpful to turn the oscillo- 
scope upsiclc clo\vn or on  its side and then recheck. This 
\\.ill ~ ~ s u ; ~ l l y  slio\\. up loosc con~icctions. 

TRANSFORME RECTIFIER 

RESISTANCE MEASUREMENTS 

In t u l ~ c  type instruments (\\here stacking of supplies is 
common) the supply resistance \vill start a t  z 2 - 3  kQ in the 
reference supply and increase \\.it11 each supply. Note-if 
a supply reads lo\\. (500 R or so) reverse your meter leads. 
Some voltage supplies employ a diodc at  the output and the 
lo\\; reading may be the resistance of the diode. If there 
is any doubt, consnlt the instrument manual and check the 
circuit schematic. 

'I'he samc technique ~vorks  ~v i th  solid-state supplies, althougli 
the resistance values are lo~ver. Solid-state po\ver supplies, 
Ixcause of their lo\ver impedance qualities, have supply 
resistances as lo\+. as 25-50 R. 

Silicon diodes can usually be clicckccl in the circuit and 
typically read z 2  kR in one direction. When a po\ver sup- 
ply diodc fails it usually will be either a dead short or open. 
If an  in-circuit check leaves dou l~ t  as to the condition of a 
supply, lift one end of the diodc to Ix sure of the reading. 
Most silicon power supply diodes read z 2  kR or  ~2 h40, 
depcncling on direction of current f l o ~ . .  

DIFFERENCES IN TRANSISTOR SUPPLIES 

Solid-statc supplies arc more and more common in present 
day electronic equipment. The  follo\ving points summarize 
the major differences I~et\veen vacuum tube and solid-state 
supplies: 

1 .  I,o\vcr output impedance. As a result, solid-state sup- 
plies have loiver output ripple-usually on the ordcr 
of 2 mV. 

2. Iiesistancc of supplies is typically loiver 11ut checking 
is the samc due to stacking of supplies. 

3. S ~ ~ p p l i c s  may 11c clieckcd for shorts i~n~nedia te ly  aftcr 
I I O ~ T I '  is applied ( n o  time drla); relays). 

1 SERIES REGULATOR I 
m 

Fig 2. Simplified schematic of solid-state power supply. 
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4. 1,css prol~lclns I\-ith regulators I~rcause of less heat dissi- 
pation. 

.5. \';~rying line \.oltagc docs not provide as much infor- 
mation o n  regulation in n solid-state supply. Use a hair 
dryer to heat the po\\.er supplies, then cool \\-ith a n  
;~crosol circuit coolant to dctcrminc if a supply is 
faulty. 'l'liis t c c l ~ n i q ~ ~ c  siindntes the ambient condi- 
tions tlic sr~pplics rne.orlntcr o \ ~ r  a longer period ( 2  
or 3 hours) than the allto-tr;~nsfor~iicr test. Oftcn this 
check \\.ill indicatc a 1ir;lt scnsiti\,c tlc\.icc carly ;rnd 
c l i~ninatc  tlic n i d  to rwalil~rntc portions of rhr in- 
str11111~1it [\\-icc. 

COMMON POWER SUPPLY PROBLEMS 

NOTE 
l'olter transformers, manufactured in our plant, are war- 
ranted for the life of the instrmnent. If the power trans- 
former is defectite, contact your local Tektronix field en- 
gineer for a warranty replacement. Be certain to replace 
onl) with a direct replacement Tektronix transformer. 

IMPROVED BNC ATTENUATORS 

'l'liosc nc\ \ -  acccssol-ics are shorter in length and lo~ver in 
cost and arc a \~~ i ln l ) l c  in the follo\\~ing configr~rations: 50-I1 
fccdtliro~igli tcrminat ions (\\.hit?) ; 50-0 2 S  attcnuator ( r ed )  ; 
50-I? 2 . 5 S  attcnuntor (\\.hitc) ; 50-0 5 S  attenilator (green) ; 
and ,504 IOS :tttcnxttor (11rolvn). In addition, a ,5 \vatt 

Fig 3. New two-watt attenuator and five-watt termination. 

TEKTRONIX WIRING COLOR CODE 

Black 
Brown 
Red 
Orange 
Yellow 

Green 
Blue 
Violet 
Gray 
White 

Tan Background 
-12.2 v 

White Background 
-1- 300 V 

Fig 4.  Tektronix color-coded insulated wire. 
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1969 TEKTRONIX CATALOG 

The ne\\, 1969 'l'ektronis Instru~uent C a t a l o ~  28 has I)een 
distril)r~tcd to the‘ 111ai1 list and  yor~r copy should no\\. have 
1.cac1ird you. 

Ovcr -10 IICI\. T ~ k t r o n i s  products have heen atidcd since 
 nailing of (htalo? 227. .l'l~c catalog iiicl~~des a ne\\. fr~nc- 
tio11;d inclcs in the war and a n  rxlxrndrd ~.c~fcrrncc~ section 
in thc front. 

If ) ~ I I  liavo not yct reccived yor~r 1969 Tektronix Catalog. 
cont;lct yor~r local field engineer. 

INSTRUMENTS FOR SALE 

1-Type 122 I,o.i\. 1,cvcl l'rcamplifier. 
Good conclition. Contact: Mr. Ed 
McKenna, Mechanical Engineering De- 
partmcnt, University of Colorado, Ror~l- 
der, (hlorado 80302. 

I-Type 203, Model A, Scope-Mol~ile@ 
Cart for 561.4, ~vi th  plug-in carrier. 
Contact: Mr. Kian Miradadian, 7020 
At~vcll, Houston, Texas 77036. Tele- 
phone ( 7  13) MO7-5067. 

1-Type 514AD, SN 139 in escellent 
condition. Latest mod kits and flat face 
tuhe. Pricc: $275. Contact: Mr. George 
L. Garton, 3576 Texas Street, San Di- 
ego, California. Telephone: (714) 4-60- 
4509. 

]-Type 524,413, SN 5715. Contact: 
Mr. George Groth, Jampro Antenna 
Co., 6939 I'o~ver Inn Road, Sacra- 
Inento, California 95828. Telephone: 
(916) 383-1177. 

1-Type 561A, SN 20580; I-Type 
3S1, SN B090795; 1-Type 3T77.4, SN 
5163; 1-Type P6034.; 1-Type P6035. 
Price: $2,250. All in excellent condi- 
tion. Contact: Judy Masters, Sl~dmier 
Enterprizes, Inc., 1527 W. El Scgundo 
Blvd., Gardena, California 90249. Tele- 
phone: (213) 754-2821. 

1-Type 545B, SN 236; 1-Type W; 
1-Type P6019, with 134. Amplifier. 
Contact: E. Schwab, 8 Chatham Place, 
Huntington, Long Island, Ne\v York 
11 743. Telephone: (516) 864-8725. 

1-Type 53532,  SN 5737; 1-Type 
CA Dual-Trace, SN 017641. Price: 
$600 sold as a unit. Contact: James 
I-Iooper, Argonaut Insurance Company, 

250 Middlefield Road, Menlo Park, 
(hlifornia 94-025. Telcphone: (415) 
B'LG-O!)00 Ext. 44.. 

1 - - ~ - T y p ~ 1 - 2 2 ,  SN 10685 (hfocl 12.5 
\\.ithout I~attel-y pack). Price: $1400. 
I-Type 310A, SN 20903. Price: $500. 
Contact: 11 Zandlxrgan, Northern 
Radio, 4027 - 21st Avenue West, Seattle, 
Washington 98199. Telephone: (206) 
AT 4-0534. 

1-Type 512, SN 1016. Price: $125. 
Contact: Larry Kcyser, Econolite Divi- 
sion, 3644 Albion Place North, Seattle, 
Washington 98103. Telephone: (206) 
ME 3-2159. 

I-Type 80/P80 Vertical Plug-In 
Prolx ~vi th  5 attenuators, SN 003904. 
Price: $125. I-Type 81 Plug-In, SN 
314-9. Price: $85. Contact: A. Ramon, 
1122 Rrr~ns\\.ick Way, Santa Ana, Cali- 
fornia 92705. Telephone: (714) 540- 
1234. 

I-Type 535.4 Oscilloscope. T ~ v o  
Scope-Mol)iles@,, Models 500/53A. Used 
~noderately. Price: $1,200. Contact: 
Miss Cannon, Biochen~ical Procedures, 
12020 Ckindler Blvd., North Holly- 
~vood, California 91607. Telephone: 
(91 6 )  766-3926 Ext. 36. 

I-Type 515; 1-Type 516. Good con- 
dition. Contact: Rohcrt Galbraith, 
1 1 .i 13 Bar I-Iarl~or Place, N. E. Albu- 
querque, Ne\c Mexico 871 11. Tele- 
phone: (505) 264-6468 (\c-01-k); (505) 
298-!I590 (home). 

1-Type 541A, SN 022675; 1-Type 
R Plug-In, SN 019056; t~vo  proljes. 
Contact: Alvin Walker, Electro of Ari- 
zona, 4025 N. 6th Street, I'hoenis, Ari- 
zona 85012. 

1-Type 545h; ]-Type D; 1-Tlpe 
CA; 1-Type 160.4; 1-Type 161; 1- 
Type 162; 1-Type 163. Contact: In- 

tcctron, Inc. P. 0. Box 584, Waltham, 
Massaclir~sctts 021 51. Telephone: (41 3 )  
891-1.1 14. 

1-Type 310A, SN 21847. Price: $4-50. 
Very good condition. Contact: Frank 
A. Hayes, Red Hi11 Road, Middletown, 
New Jersey 07748. Telephone: (201) 
671-0271. 

1-Type 585 Oscilloscope, SN 002799; 
1-Type 80, SN 003456; 1-Type P80 
I'rol~c; 1-Type L Plug-In Unit, SN 
019918; 1-Type 81 Adapter, SN 005- 
006. Price: $1000 for entire package. 
Instr~~nients  reccntly factory calibrated. 
Contact: Mr. Art Godsen, Maritime 
C~ommunications, 4210 Lincoln Blvd., 
Venice, California. Telephone: (2  13) 
397-7705. 

1-Type RM561, SN 717; 1-Type 
2A63, SN 4463; 1-Type 3B3, SN 131. 
Will consider separate sales. Contact: 
Mr. Russ W. Johnson, Ball Brothers 
Company, P. 0. Box 1062, Bolrlder, 
Colorado 80302. 
p- 

INSTRUMENTS WANTED 

1-Type 545/CA or equivalent. Con- 
tact: Mr.  Jerry Co\\.an, Sperry Rail 
Scrvice Division Automation Industries, 
Shelter Rock Road, Danbury, Connecti- 
cut 0681 0. Telephone: Office (203) 
548-0243, I-Iome (203) 868-2252. 

I-Type 585 \vith Type 82 Pl~rg-In. 
Contact: Donald A. Paris, 48 East Cir- 
cle Ilrive, East, Longmeado\v, Massa- 
chusetts 01028. Telephone: (413) 525- 
2333. 

I-Type S Plug-In. Contact: Dr. T .  S. 
Chu, Electronic Sciences Department, 
Southern Methodist University, Dallas, 
Texas. Telephone: (214) 363-561 1 Ext. 
2221. 

Printed in  U.S.A. SKD 4/69 A-2407 
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E N G I N E  A N A L Y S I S  

DISPLAY APPLICATION 

Pressu re-Time Observe many combustion cycles to measure variations in 
peak pressures, rate of pressure rise, and r lmin .  

Pressure-Volume Evaluate performance of suction and discharge valves, com- 
(Compressors, Pumps) pressor capacity, ring action, volumetric efficiency, and over- 

all compressor, and pump operation. 

Pressure-Volume Evaluate engine performance, cause of horsepower varia- 
(Combustion Engines) tion, measurement of efficiency, compression ratio, capacity, 

power balancing, and horsepower. 

Pressure-Crankangle Observe engine events (valve openings and closings, igni- 
tion or pre-ignition, etc.), against the crankangle at which 
they occur. Four-trace oscilloscope displays vibration, pres- 
sure, ignition, or any desired combination of curves required 
to evaluate compressor and engine performance. 

Vibration Analysis Detect, locate, and identify defective parts to uncover de- 
structive detonation, improper valve functions, piston slap, 
improper function of compressor valves, worn valve cams, 
carbon buildup, blow-by, leaking valves, ring damage, blow- 
er bearings, engine cylinder run-in, and other malfunctions. 

---- 

Ignition Analysis Proper timing of engine, evaluation of breaker point gap- 
ping, point arcing, point bounce, low and high resistance 
in secondary circuits, spark plug condition, shorted primary, 
coil condition, etc. 
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Low-Cost Graphics 

Offline Editing 

Storage Basics 

Scan Conversion 
a_ 

Five years ago Tektronix introduced the Type 
564 low-cost, direct-viav bistable Storage Os- 
cilloscope. Many customers involved in com- 
puter readout projects found this instrument to 
be the bcst overall compromise for a computer 
readout device. Since that time customer in- 
terest in this area has resulted in the forma- 

I l tion of an Information Display Division. The 
COVER 

Circle on circle program. This graphic display is 
June issue of TEKSCOPE discusses some of the 

formed when the locus of the centers of circles form significant developments of this new Tektronix 
a circle. technology. 

@ 1969, Tektronix, Inc. All Rights Reserved. 
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Low-Cost Graphics 

~- 
A n e w  low-cost graphic 
of presentiizg high-iixfort~zatioiz content  nzessages at  
-. -- .. 
speeds of up t o  2000 characters per sccond. For t l lc  - -- - - - -. . . . . 

first t i m e ,  low-cost (less t h a n  $9000, i ixclut l i~~q inter- 

face) c o m p l e x  graphic -- and h i g h - c l e d y  a1phanume1-ic ~ 

disi~lays are possible. TIzis breaktlzrough in iizfortnalion 
-- .- - . . .- .- 

displa)~ techno10,qy allows uscrs to  nozu consider graphic 
- .- .~ -.-.--p-----p--... ---- 

rlisjbla)~ whei-e cost has b e e ~ ~  prohibitive i n  tlze past. T h e  
. --.-- --.- . . -- 

Tek t ro i t i x  T4002 Graphic  Conzputcl- l 'emzinal offers 
. . .- - . . ~ -~ 

greater infornxatiotx . content  a t  approsinzately .. - one third -- 
t he  !nice o f  other erabhic swtenxs. 

The Tektronix Type T4002 Graphic Computer Termi- 
nal is a completely self-contained, desk-top information 
system which provides a high-resolution, flicker-free 
display with both high-speed complex graphic and high- 
density alphanuineric capability. Its unique direct-view 
storage tube eliminates the requirement for a separate 

refreshed nlemoiy and ininimixs the information rate 
requirements of thc data source. With no display re- 
freshing circuitry, the annoying flicker associated with 
most refreshed displays is also eliminated. The new data 
is written only once and data can thercfoie be sent 
to thc teiminal at a conxcnient ratc of up to 2,000 
characteis per second. 

The direct-view bistable storaqe tube pro\icles most 
of the economic advantage of this type of systcm. The 
slower speed allows the use of software for much of 
the data formatting and data control functions. In ad- 
dition, thc analog charactel genelator, with its chal- 
actei istic of high-accur acy and low-slew i ate, conti ibutcs 
to the low-system cost. 

T o  ensure masimum flexibility, the terminal uses a stan- 
dard control and input signal intcrface that is compat- 
ible with the following Tektronix Display instrun~ents. 

Type 601 . . . . . . . . (5-in storage monitor) 
'Type 602 . . . (5-in high-resolution monitor) 
Type 61 1 . . . . . . . ( I  1-in storage monitor) 
Type 450 1 Scan Converter (large-screen TV display) 
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COMPUTER 

T4002 GRAPHIC COMPUTER TERMINAL BASIC BLOCK DIAGRAM 

A solid-state, data-entry keyboard and the visual display will generally be suitable for use with the Type T4002 
of high-resolution alphanumerics and graphics provide with only minor modifications. 
a truly interactive system. No longer is the user required 
to obtain his information from columns of data or lists 
of numbers. The low cost of this graphics system allows 
managers to now obtain trends quickly and easily. In- 
formation may now bc summarized in graphs, electrical 
circuits drawn, flow diagrams developed, etc. 

The T4002 is designed to use existing software as much 
as possible. TTY teletype interface is provided to allow 
complete compatibility with common existing teletype 
terminals. Thus, thc user who is connected into a time- 
share service or computcr with a regular teletype can 
connect the terminal with no change in software. Note: 
There may be a teletype-speed limitation unless the 
computer interface is modified to eliminate the time 
delays for TTY tcletype. Once this high-speed link is 
available, however, the full capabilities of the Tektronis 
Type T4002 may be utilized. 

Four modes of display are selectable on the Type 
T4002 : ( 1 ) Alphanumeric, (2) Point plotting, (3)  In- 
cremental plotting and (4)  Linear interpolation plot- 
ting. A fixed grid of 1024 x 780 calibrated addressable 
points are available in any of the three graphic modes. 

The three modes of graphic displays selectable on thc 
T4002 are discussed at right. Programs that have been 
developed in any of the three modes mentioned below 

1. Point Plot: The point-plot mode generates a dis- 
play by providing a separate address for each 
point and then plotting it. Although there is no 
restriction on where the point is placed, this mode 
is inefficient because of the amount of bits re- 
quired to draw a graphic display. 

2. Increrncntal Plot: Incremental plot mode is wide- 
ly used by mechanical plotters. The display is gen- 
erated by providing an address for the beginning 
point. The  next point must be adjacent in one of 
eight directions and may be printed or not printed. 
This incremental technique saves data bits com- 
pared to the point plot mode. 

3. Linear Interpolation: 'The linear interpolation 
inode provides a beginning and ending address. 
A line is then generated between the two points. 
This vector-type display allows smoother lines to 
be drawn since the beginning and ending points 
are the only points that must be on the fixed grid. 
Because minimal data is required to draw graph- 
ics, this mode is particularly appropriate when 
sending over phone lincs. 

One of the greatest advantages of the computer termi- 
nal is the fact that programming is made so much easier 
and quicker. When writing and "debugging" pro- 



grams, a teletype readout is slow enough that the pro- 
grammer often loses his train of thought The  mind 
usually thinks much faster than a teletype can print 
out plogram eleincnts The  tremenclou\ speedup of the 
T-1002 with its quick readout allows a lapid input back 
into the system Thus, ideas ancl changes ale applied 
without delay ancl the effects may be irnn~ediately ob- 
sen  ed. This intel a c t i ~ c  display capability is pa1 t i c u h -  
ly important when clc\ eloping graphics programs since 
t l m e  is little clelay from ploglam clevelopment to pro- 
qram obser\ ation 

'The 'T4002 Graphic Conlputer Terminal basically con- 
sists of a display unit, ter~ninal control, character gener- 
ator, ke)board rnoclule, input/output interface and 
auxiliary unit. 

'The 1 1-inch, fliclm--free clisplay (6:< x 8%-inch screen) 
acconm~oclates 37 lines of alphanun1eric characters of 
85 syinbols each, permitting more than 3000 cliaracters 
to be clisplayecl. Resolution is equivalent to 300 s 400 
line pairs.' Stored information may 11c erased in l c s  
than 0.5 second. 

The  terminal control provides timing logic, data buf- 
fers, interconnection logic, function decoding, scratch- 
pad control, D / A  con\wtcrs and plot logic for the 
character generator, keyboard and auxiliary module. 
All the data is routed and priorities determined by the 
Terininal Control. 

'The character qenerator pro\.idcs a complete set of 
USASCII' printable characters with both upper ancl 
lower case, numbers and special symbols. I n  addition. 
two si/er of charactc~s are under progranl control. 

T h e  control panel is designed for ease of operation 
with panel controls held to a minimum with autoinatic 
control functions. In  acldition to the standard k e y  
board with 96 USASCII characters ancl 32 control 
characters, the following functions are providecl. 

O N  LINEILOCAL-Controls status of terminal. 

TIiANSMIT/RECEIVE-Indicates status of data 
transmission. 

?'TY/ASCII-Permits selection of Iieyboar~l code. 

1. Refer to April 1968 Service Scope "Direct-View Ristalde- 
Storage C R T  Resolution 

2. USA Standard Code for Information Interchange 

INPUT-Permits selection of KEYBOARD and/or 
AUXILIAlIY. 

OL?'PUTT-Permits selection of DISPLAY and/or 
AUXILIARY. 

PAGE FULL-Indicates full page and stops coinputcr 
information (when input is available) . 

MARGIN SHIFT-Choice of four-margin positions. 

ElZliOIi-Indicates connnnnication or eclioplesecl char- 
acter error. 

IIATA liECEIVE13--Indicates when computer rnakcs 
display entry. 

IN'TEli1iUP'I--Stops transmission. 

FORMAT CON'l'liO1,S-C11rsor indicator in alpha- 
numeric mode. 

VIEW1--S\vitchcs clisplay froni a hold mode to a \icw 
mode for I minutc. 

ERASE--Erases the display. 

'The forinat controls determine the positioning of the 
cursor. 'The adjacent VIEW ancl ERASE button allow 
llolcli~lg or changing of the stored display. 'These seven 
I~uttons differ from the control frlnctions in that they do 
not go to the computer, but into the display. Thus, for- 
matting the location on the clisplay does not clisturb the 
output from the computer. T h e  H O M E  bntton returns 
the cursor to a fixed reference. 

Color-lighted buttons are used to sinlplify operation 
and to alert the operator of the terminal status. By 
pushin% a button, the status can be changed. Five 
colors arc used with the following logic. 

Green - - O n  Line -- Norlnal Operation. 
131~1~ -- Local or Auxiliary. 
White - - Status (conlplction of operation). 
Amber --- Inco~nplctc Operation -- Error may occur 

unless corrccti\:c action is taken. 
IZed -- Operator action is rcciuired. 



John Griffin, Project Manager, Information Display Electronics 

The large-screen storage tube used in the T4002 has a 
number of advantages for graphic and alphanumeric 
displays. The tube is rugged, low-cost, has flicker-free 
operation, and is capable of very high information den- 
sity. Because the Tektronix storage tube stores the in- 
formation in analog form ( a  series of lines and/or dots 
on the screen) the information is not stored in discrete 
locations in coded form. 

Stu McNaughton, Project Engineer, and Ernst Massey, 
Mechanical Engineering Manager, discuss a graphic dis- 
play on the T4002 Graphic Computer Terminal. 

T'wo interlaces are currently available for the T4002 
Graphic Computer Terminal. The Type 4001 (parallel 
interface) interfaces with thc DEC PDP-8 fanlily of 
computers; the Type 4802 (serial clata communications 
interface) interfaces with Bell System Type 132, Type 
201 and Type 202 Data Sets and other EIA compatible 
modems or high-speed data systems. Both interfaces 
permit alphanilmcrics and all graphic inodes to be sent 
over normal ASCII communication circuits. 

T h e  T4002 is designed to accept an auxiliary plug-in 
~noclulc to espand future capability. Inputs to pcri- 
pheral gear and outputs from peripheral gear such as 
teleprinters, tape readers and magnetic recorders are 
feasible. 

The T4002 offers a substantial improvc~nent over elec- 
tromechanical teleprinters in speed, noise of operation: 
and flexibility in the formatting and editing of clata. 
'These advantages, combined with a coluples graphic 
capability, provide a complete versatile system for less 
than $9000 (including interface). For further informa- 
tion on Tcktronis Information Display products, refer 
to pages 276-293 of thc 'I'clitronix 1969 Catalog 28, 01 

 consul^ your local field engineer. 

The new offline editing feature of the T4002 Graphic 
Computer Ternlinal incorporates a scratch-pad mem- 
ory of a one-line (04-character) discrete memory. This 
memory is used in conj~~nction with a small refreshed 
area at  the top of the tube. The information is in nu- 
meric form and thus the user can edit the text before 
 enc cling the inforlnation to the colnputer as a one-line 
message block. Information may be updated and veri- 
fied, corrected if necessary before it is sent to the 
comp11ter. 

Use of the electronic scratch pad is as follows: The 
COMPOSE button is pressed to change operation from 
DIRECT to COMPOSE. At this time the refreshed 
scratch pacl area is displayed and the characters in the 
buffer memory are presented in one line across the top 
of the tube. 



Information may be changed in one of several manners. 
1 The CLEAR button clears the test from the buffer and 

the cursor reverts to the left-hand edge of the refreshed 
area (point of entry of next character). The desired 
text is typed in and entered into the buffer and appears 
in the scratch pad area. (When editor-buffer capacity 
is reached, the FULL button is lighted to alert the op- 
erator). Once the message is complete, pressing the 
SEND button sends all of the text to the computer as 
though it were coming from the keyboard. 

Fig. 1. The 84-character refreshed memory shown below, 
allows text to be quickly and easily corrected and edited 
before being sent to the computer. 

This operation offers two advantages. First, text is edi- 
ted and you know it is correct before you send it; second, 
it allows you to send a burst of text (i. e., one complete 
line as opposed to a number of individual characters) 
which minimizes the transmission time of the machine. 

The scratch pad buffer is also convenient for incorrect 
messages. If the message is not correct the first time 
typed, editing is accomplished as follows: The keyboard 
is backspaced until the cursor is located where a change 
is desired (the scratch pad cursor consists of an under- 
line so as not to obliterate the dot matrix of the charac- 
ter block). 

Once the cursor is at the desired location you have one 
of two options: a )  Delete the character. b) Insert a 
character before the cl~aracter designated by the cursor. 
Striking the DELETE button removes the character 
from the buffer and you have one character less. If you 
wish to insert a character, you simply start typing 
characters and they will be inserted just before the char- 
acter which has the culsor underneath it. Fiz. 2 illus- 
trates these editing operations. 

When the editing is finished the SEND button is pressed 

NOW IS THEE I 

NOW IS THE 
I 

IS THEE 
I 

IS THERE 
I 

Fig 2. Characters are deleted by striking the DEL button 
and inserted (before the character designated by the cursor) 
by striking a character button. 

and the information is sent to the computer as a block 
of data. Pressing the SEND button automatically re- 
turns the terminal to the DIRECT mode and it is neces- 
sary to return it to COMPOSE to edit the next line. 

Another point of interest is that the text buffer is not 
erased by the SEND command. Therefore, if an error is 
encountered in transmission, the entire text buffer could 
be sent out to the computer again, simply by striking the 
COMPOSE and SEND buttons. 

Scratch-pad operation combines many of the advan- 
tages of refreshed terminals with the advantages of the 
direct-view storage tube. The result is a low-cost re- 
mote terminal well suited for text editing applications. 
Scratch-pad operation is particularly desirable where 
relatively unskilled operators require information over 
a time-share network, e.g., parts information and parts 
drawing applications where a very small amount of in- 
put  nus st be accurate. 

A second area of scratch-pad usage is when the terminal 
is used as a remote "batch" device. Such a use requires 
updating of information in computer files. The infor- 
mation that is being sent to the computer is the updated 
information and must be correct. Therefore, it is desir- 
able to compose and verify the entire entry before send- 
ing it to the computer. 



NIX FAMIL OF INFOI' 

T4002 GRAPHIC COMPUTER TERMINAL 

Storage Basics 

Slow electrons dislodge few 
secondaries. The rnaterial, 
gaining electrons, charges 

Fast electrons dislodge many 
secondaries. The material. 
losing electrons, charges pos- 
itive. 

T h e  Tcktronix direct-vie\\- I~istable storage tube (DVBST) is 
I~ased on a secondary emission principle. \Yhen a stream of 
primary electrons strikes the phosphor target, secondary elec- 
trons arc dislodged from the phosphor surface. As the poten- 
tial increases, each primary electron displaces more than one 
secondary electron, resulting in the material charging positive. 

I n  addition to the normal C R T  Lvriting guns, flood guns are 
used to cover the complete phosphor screen uniformly wit11 
lo\\;-velocity electrons. A conductive transparent face plate 
under the pliosphor completes the circuit and allo\\-s stor- 
age to take placc. 

T h e  normal \vriting gun bombards the phosphor screen with 
a beam of high-speed focused clcctrons. T h e  beam \\-rites and 
also dislodges great numbers of secondary electrons. T h e  
~vr i t tcn  surface where the \vaveform is traced out loses clcc- 
trons and charges positive. 



TlON DISPLAY INST 

II UNWRITTEN A R E A  STAYS DARK \ 

WRITTEN AREA LIGHTS PHOSPHOR ' 

Flood gun electrons hit unwritten areas too closely to l ight 
phosphor and the target charges negative. The positively 
charged written area attracts electrons at high speed keeping 
the phosphor l it and dislodging enough secondaries to hold 
the area positive. 

By using the flood-electron p n s ,  the display may be stored. 
T h e  flood guns emit lowvelocity electrons over the whole 
CRT-screen area. T h e  electrons strike the un\vritten area too 
slo\vly to jar loose many secondaries. As a result, these areas 
~nerely collect electrons until they are  driven negative and 
can attract no more current. 

T h e  latent image where the beam has written attracts flood 
electrons a t  such a velocity so each entering primary dis- 
lodges sufficient secondaries to hold the phosphor target 
positive. Thus, the written area neither gains nor loses 
electrons but remains positively charged and continues to 
attract flood current. As a result of this equilibrium, the 
trace is stored. 

This is the I~asir fot all Tektronis direct-vie~v bistable storage 
tubes. T h e  same flood currcnt that holds the background 
dark also holds the written trace bright. 



Scan Conversion 

'l'ehtlonix bistable storage t ~ ~ b e s  provide a medium fol 
the conversion of analog inputs into TV folmat. These 5 

bright displays ale ideal for individual or g1oup liewing 
undci high-ambient liqht conditions. 

'I'he heart of the 'l'ektronis 'I'ypc 4501 Scan Converter 
is a Tektronis-devcloljecl storage tube \\.hich acts as 
a graphic memory. A comlmsite \.icIeo output is pro- 
\.iclecl for convenient \.iewing on large-scrccn television 
inonitors and ~ w e i \ w s .  Single e\.cnts stored on the 
CKl' or dynalnic clisplays of changing information 
may be scan-convcrtcd into 'l'V format. 

'l'he Type 4501 Scan C:onvertcr Unit may be looped 
through a number of nlonitors for viewing at  rnultiplc 
remote locations. T h e  Type 4501 o u t p ~ ~ t  signal is suit- 
able for mixing with another 'l'V signal to create a pic- 
ture that is an overlap of two signal sources. For exam- 
ple, an  active 'I'V camera output could be superimposed 
with inforination scannccl from the 'l'ypc 4501. 

Once thc analog input infornlation is stored on the 
Type 4501 CRT, the input source may I x  remo\;ecl. 
r 1 1 he stored image is then continuously scanned and 
displayed on 7'V monitors, until erased on colmnancl 
(200 111s). l'hc tube also operates in a nonstorage lnoclc 
where dynamic displays are clcsirecl. l<esolution is 
cqui\&nt to 100 s 125 stored linc pairs and clot w i t -  
ing is less than 8 IJ.~. 

WRITE ONLY 

WRITE & READ 0 

READ ONLY 

SINGLE-SCAN LINE 

MONITOR 

/ 
UNWRITTEN 

- - - - - - - - - - - 

- v 
VIDEO WRITTEN 

TV COMPOSITE VIDEO 
RASTER COMPOSITE SYNC BLANKING READ AMP \ 

GENERATOR 
\ 

Fig 1. Basic Block Diagram of Scan Converter. In READ and WRITE, 
the output of the switch is time-shared at a TV  horizontal line rate. \ WRITTEN 



UNWRITTEN 
AREA 

WRITTEN 
AREA 

UNWRITTEN 
AREA 

SINGLE-SCAN LINE 

CURRENT 
MEASURING 
RESISTOR 

WRITTEN LEVEL i 
Fig 2. Read mode of basic scan converter. By measuring 
target current, written and nonwritten points may be dif- 
ferentiated. 

Scan conversion is accoinplishecl in thc following man- 
ner. 'The storage target is raster-scanned by the Cli'l' 
writing beam (read beam). The  d i a ~ r a m  in Fig 2 shows 
the basic circuit used to detect changes in voltage be- 
tween \vritten and nonwritten points as a read-gun ras- 
ter scans thc target. 

A linc is scanned as follows. \\'hen the raster linc starts, 
the read beam is turned on and voltage across the cur- 
rent measuring resistor is dc~elopecl. In  the case of a 
nonwrittcn area that is negatively charged, currcnt 
flows away from the target causing a voltage shift posi- 
ti1.c. When the rcad I~earn strikes a point that has 
been written positive, less current flows in the monitor- 
ing circuit. This causcs the \.oltagc shift to be less posi- 
tive than whcn reading a nonwritten point. After a 
series of scans, a complete TV picture is clevelopecl. 

Scan conversion then, consists of tllc following secplence: 
writing the target; monitoring the current fluctuation; 
processing these in the video amplifier; and mixing the 
video signal with sync and blanking to form a conlposite 
\&o signal (conforms with EIA (or K I K )  standards) . 
Additionally, the composite \idea modulates an lW sig- 
nal to allow the user to drive Channel 2, 3 or 4 of any 
T V  set. 

The C R T  writing heam is 11sccl for both writing infor- 
mation and raster scanning in the WRITE AN11 READ 
mocle. I n  this time-shared mode, writing is done dur- 
ing rctracc of the raster (8 ps out of 63.5 ps) and infor- 
mation may be aclclccl to the display while the T V  dis- 
play is ac t i \ c  A WIIITE ONLY n ~ o d c  provides no 
readout (monitor is blank) but allows observation of 
signals incompatible with beam time sharing. A READ 

ONLY mode is also provided. New information cannot 
he written on the storage target in this mode. 

A LIGHT-I3ARK BACKGROUND switch is provided 
to c h a n ~ e  composite video polarity. This is particularly 
convenient when mixing the scan converter output with 
another video signal. The  user can select the proper 
background to display his information most clearly. 

'The Type 4501 Scan Converter was developed primar- 
ily to provide more flexibility in clisplaying information. 

By designing a basic unit that converts X-Y-7, inputs in- 
to TV format (EIA 525160 or CCIR 625150 scan rate 
selectable internally), the user can select the particular 
display hest suited for his use. 13ifferential inputs and 
10-MHz bancltvidth ( X  and Y )  ensure versatile per- 
formancc. In addition, two rear-panel remote program 
connectors pr:wicle esternal programming of major 
frtnctions. 

'I'lic ~ x i c e  oi the Type 4501 Scan Coiwcrter i\ $2200. 
For furthcr information. refer to pages 290-293 of 
(htalog 28 (1969'1 or consult your local Tektronix 
fic.1~1 engineer. 

George Edens, Project Engineer, and Chuck Gibson, Sys- 
tems Manager, discuss a point of interest on the Type 4501 
Scan Converter. The composite display on the monitor is 
composed of a camera video signal and two scan converter 
outputs. 
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TROUBLESHOOTING 
THE HIGH-VOLTAGE SUPPLY 

By Charles Phillips 
Product Service Technician 
Factory Service Center 

T h i s  third article i n  the  series discusses troubleshooti?zg 
techniques for Tck t ron ix  high-voltage power supplies. 
T h e  t w o  previous articles available are:  "Troubleshoot- 
ing Y o u r  Oscillo.rcope", February T E K S C O P E :  ' T r o u -  
bleslzooting t h e  P o x ~ e r  Supply", April  T E K S C O P E .  

The Iligh-voltage supply is fundamental to oscilloscope/CRT 
~~er fo rmance .  Cathode-ray tubes require D C  operating volt- 
ages much higher than those provided Ily conventional power 
supplies. T o  eliminate large vacuum tubes, bulky and danger- 
ous capacitors and heavily insulated transformer windings, 
most Tektronis high-voltage power supplies use voltage multi- 
pliers to generate high voltages with a considerable savings 
in cost and space. 

By ming a frequency of approsi~nately 60 kHz instead of 60 
I%, the required filter capacitor values are reduced by a fac- 
tor of 1000. Thus, small and relatively inexpensive disc ca- 
pacitors (0.02 - 0.03 can be used instead of expensive 20- 
p.F capacitors. h class C oscillator ~ ~ s u a l l y  develops the 40- 
60 kHz voltage that supplies the primary winding of the 
hi$-voltage transformer. 

Satisfactory regulation is achieved in most high-voltage sup- 
plies by controlling the amplitude of the high-frequency os- 
cillator output. I t  is important to remember that C R T  
circuits are  very low-current circuits and, as a result, are 
susceptible to leakage paths. 

TYPICAL HIGH-VOLTAGE PROBLEMS 

High-voltage power supply problems arc usually indicated 
l)y one of the following C R T  symptoms: 

1 .  No intcnsity on C R T  display 

2. Full intensity on C R T  display. 

3. No control over intcnsity and/or focus of C R T  display. 

4.. Incorrect vertical and horizontal calil~ration. 

'The control-grid supply is normally 100 V more negative 

than the cathode supply. If these two supplies for some 

reason decrease their bias, the Iligh-voltage supply can draw 
sufficient current to drive it out of regulation. T h e  intcnsity 
control varies the bias of the C R T .  

Most Tek t~on ix  cathode-ray t u l m  \\ill cut off \$hen the grid 
15 aplxo\imatcly 65 V mole negatlve than the cathode. I f  

the tube Ir \ \eak, you can never get doltn I~elow the cutoff 

point of the tulle. 

Modern general-purpose oscilloscopes may have either a 
transistorized solid-state high-voltage supply (e.g., septupler) 
or the more colnmon vacuum tube tripplcr high-voltage sup- 

ply. Solnc of the more conimon troul~leshooting symptoms 
arc listed I~elow. 

1. Inal~ility to turn off the intensity is often caused 11y a 
\veal< rectifier diode in the control-grid supply. If vacu- 
um tube high-voltage rectifiers are used, check visually 
for filament gloxv. All the filaments in a properly func- 
tioning supply \\.ill g lo~v  ~ v i t h  approximately the same 
intensity. A bright glo\v usually indicates a weak tube. 

A control grid to cathode short in the C R T  \ d l  exhibit 
similar symptoms. T o  check for the latter, remove the 



socket from the C R T  and note if the C R T  bias changes. 

If the bias changes, then the loading is caused by the 

C R T  load. The  C R T  filament supply should also be 
checked to insure that the problem is not caused by leak- 

age in the filament transformer. 

2. No brightness with normal intensity control settings, but 
slight intensity as the control is moved further counter 
clockwise, 11sually indicates a Iveak rectifier diode in the 
cathode supply. Similar symptoms will be present if no 
unl~lanking is I~eing received from the time-base gener- 
ator, o r  in the case of a very gassy CRT.  A gradual in- 
crease or decrease in intensity are symptoms of ~veak 
rectifier diodes in either the control grid or cathode sup- 
plies. Note: Grid and cathode vacuum rectifier diodes 
should Ix replaced at  the same time to prevent differen- 
tial aging prol~lems. 

3. No high voltage is commonly caused by loading (one 

or more  of the secondary supplies is causing the oscilla- 
tor to not run) .  T o  pin point the problem, break the 
feedback loop by removing the error amplifier stage. In  
most high-voltage supplies this step will cause the oscil- 

lator to free run a t  a frequency slightly higher than 
normal. If the oscillator still does not free run, then the 
problem is prol~ably due to loading of the transformer 
by one of the secondary loads. By lifting the anode of 
the rectifiers in the secondary supplies, these stages may 
be eliminated. (Only the most positive anode need I x  
disconnected in the high-voltage anode supply.) If the 
oscillator nolv oscillates, it is only necessary to put back 
the supplies one a t  a time to find which one is causing 

OSC I LLA r 

the loading. For example, if this procedure led to a 
problem in the grid supply, then the nest  step would 
be to check for resistance measurements from the inten- 
sity control to ground. A good idea is to remove the 
C R T  socket to see \vhetlicr this has any effect on the 
circuit symptoms. I t  is possible for a short in the C R T  
or  extremely gassy tube to load one of the other sup- 
plies sufficiently to affect proper oscillator action. 
* .  I );pica1 resistance value in the grid circuit is 4 - 5 MR 
to ground. 'This holds true for almost any spot that 
yo11 measure in the circuit. If the components check 
out properly, it is quite probable that the problem is in 
the high-voltage transformer and that one of the tvind- 
ings has a leakage path to the core. 

Proldems in the high-voltage anode supply sonletinies sho~v 
up as insufficient high voltage. Check the output filter capac- 
itors and the anode coupling capacitors. Weak high-voltage 
rectifiers will also indicate insufficient high voltage. A poor 
connection a t  the C R T  anode connector can show up as jit- 
ter in the sweep or  poor regulation. Note: All solder joints 
on high-voltage chasses should have smooth surfaces. Any 
protrusions may cause high-voltage arcing, particularly at  
high altitutdes. 

Solne of the more recent Tektronis oscilloscopes have a con- 
trol called the C R T  bias control. This adjustment is some- 
times used as a masimum intensity control to a l lo~v the user 
to protect his CRT. When the instrument is adjusted in this 
manner and the intensity is limited, dimness problems may 
occur at  the faster sweep speeds. If there is a brightness 
problem rvith a cathode-ray tube, check to be sure that the 
CRT-grid bias is properly set. 

REGULATOR t~ 

Fig I .  Simplified Schematic of Typical High Voltage Power Supply. 
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Intensity mod~~lat ion (blank spots or uneven trace intensity) 
is often caused by heater-to-cathode leakage in the oscillator, 
the neons in the CRT-grid circuit, or leaky coupling capaci- 
tors in the unblanking circuitry. These symptoms are often 
seen \vhen high-voltage tubular capacitors have been replaced 
with disc capacitors. The frequency is usually about 10 kHz 
or less (related to o~cillator frequency) and the problem is 
present a t  any s\\cep speed. 

CRT CONSIDERATIONS 

Gassy CRT's may I x  identified by their "double-peaking" 
characteristic. b'hen the C R T  is cold, there are normally 
1\70 very pronounced spots where the C R T  turns on. As the 
intensity control is advanced CW, the trace comes on (usual- 
ly dimly), decreases in intensity and then increases sornc~cha~ 
normally to the C\V extreme. Once a tube I~egins to display 
this characteristic, a self-destructive process has begun and 
it is only a ~nattcr of time until the tube nlmt be changed. 
Gassy CIIT's also often exhibit poor focus and brightness 
characteristics, and static charge phenomenon. Static charge 
prol)le~ns typically may be caused by dirt and if  this charac- 
teristic is noted, the C R T  face and cover should be thorough- 
ly cleaned. 

A l ) r o l ~ l e ~ ~ ~  similar to static charge is sometilnes caused 11y 
the CRT-gun support rods I~ecoming charged. This rod 
charge may sometinm 11e eliminated by deflecting the elcc- 
tron beam con~pletly off-screen horizontally, turning the in- 
tensity full CW and varying the position control rapidly from 
the upper cxtreme to the lower extreme. After a few mo- 
ments, the rod charge should be dissipated. 

NEW CONCEPTS BOOKS 

Four ne\v concepts books are now available from your Tek- 
tronix Field Engineer. The  ne\v titles are: "Digital Con- 
cepts"; "Oscilloscope Trigger Circuits"; "Spectrum Analyzer 
Circuits"; and "Television Systems Measurements". 

"Digital Concepts" discusses the I~inary number system, Boo- 
lean algebra, nand gates, nor gates, flipflops, implementing 
logic functions, implementing logic circuits using integrated 
circuits, counting circuits, counter readout circuits; "Spec- 
trum Analyzer C:ircuits"-components and subassemblies, 
filters, amplifiers, n~isers,  oscilla~or and R F  attenuators; 
"Oscilloscope Trigger Circuits"-trigger circuits, input trig- 
gering signals, p ~ ~ l s e  generators, delaying and delayed s\vceps 
and triggered delayed s\veep; "Television Systemsn-cameras, 
television tape recorders, telecine, signal slvitching, transmit- 
ter, video distril~ution system, components of video waveform, 
mcasuremcnts requirements, analysis of video transients, color 
-Inr \va\~for ln  analysis, multil~urst test \cavefornl and pic- 
ture-~vaveform analysis. 

Information Display Concepts will be of special value to 
those interested in the Tcktronis Information Display instru- 
~ncnts discussed in this issue of TEKSCOPE. Material 
covered includes local computcr peripherals, time sharing, 
progralnrning, digital data transmission, computer display ter- 
minals, tcrniinal output devices, digital-to-analog and analog- 
to-digital converters and vector and character generators, 
characteristics and specifications of direct-view bistable stor- 
age tul~es and display-unit circuit design considerations. 

Dot Character Generator 

A character is generated by stepping the beam through 63 positions that 
make up a 7 x 9 dot character rectangle. When a character line is acti- 
vated the appropriate diodes in the diode memory conduct. When the 
inputs from the X and Y B-to-D converters coincide with this information, 
a pulse turns on the Z axis. X and Y D-to-A converters output the appro- 
priate voltage to step through the 7 x 9 dot matrix. 



The block diagram on page 14 is taken from page 80 of 
"Information Display Concepts" and illustrates the major 
blocks that make up a dot character generator. The char- 
acter generator used in the Tektronis Type T4002 Graphic 
Computer Terminal is of this basic configuration. 

Other titles currently available arc: "Oscilloscope CRT's", 
2nd Edition; "Storage CRT's and Circuits", 2nd Edition; 
"Television Waveform Processing Circuits"; Po~ver Supply 
Circuits", 2nd Edition; and "Semiconductor Device Measure- 
ment Concepts". 

Should you \vish further information on Tektronix Concepts 
Books, contact your local field engineer. 

INSTRUMENTS FOR SALE 

1-Type T Plug-In Unit, SN 002323. 
Price: $125. Contact: Mr. David Luce, 
hiIelville Clark Associates, 8 Richard 
Road, Cochituate, hiIassachusetts. Tele- 
phone: (617) 655-0906. 

8-Type 533 with Plug-Ins. 2-Type 
533A with Plug-Ins. Excellent condi- 
tion. Sell or trade. Contact: Mr. Ralph 
1.1 allls, . .. Nuclear-Chicago Corporation, 

333 East I-Ioward Avenue, Iles Plaines, 
Illinois 60018. Telephone: (312) 827 
4456. 

1-Type RM41A, SN 1065 with Type 
K Plug-In Unit, SN 13424. Price: $475. 
Contact: Mr. Melvin A. IIolmagel, 
Route 4, Box 273A, Shcrnood, Oregon 
97140. Telephone: (503) 625-7121. 

1-.Type N Plug-In Unit, SN 00931. 
Like new. Price: $150. Contact: Cal- 
State Electlonics Company, 5222 Ven- 
ice Boulevard, Los Angeles, California 
90019. Telephone: (213) 933-8187. 

1-Type RMIG, SN 001029. Plice: 
$450. Contact: Mr. Leon Lacabanne, 
3904 East 44th Street, Minneapolis, 
hIinnesota 55406. 

1-Type 422 with AC supply, conlplete 
with accessories. Less than 40 hours use. 
Price: $1200. Contact: Mr. Dave Hail- 
ey, Reccc Corporation, 200 Prospect 
Street, Waltham, Massachusetts 02154.. 
Telephone: (61 7) 894-9220. 

1-Type 514D, SN 2561. Sell or trade 
for smaller scope. Price: $400. Contact: 
Mr. Pfalzer, I-Ioover Electric Company, 

Port Columlx~s, Colu~nlx~s, Ohio 43219. 
Telephone: (614) 235-9634. 

I--Type 422, tvith AC: Supply, ShT 
3551. Less than three years old, used 
less than 30 hours. Price: $1000. Con- 
tact: I<. Ed\vard Stc~nm, Inc., l7W480 
Lake Street, Addison, Illinois 60101. 
Telephone: (3 12) 279-2440. 

1-Typc 517A. Contact: Mr. Bruce 
Blevins, 176 Barranca Road, Los Ala- 
nlos, NCIV Mexico 87541. Telephone: 
(505) 668-4458. 

1-Type 54.5B/C:A, 535A/CA, RM529, 
56111; I-Type 3/16, 3,474, 3B3; 2- 
Type 515A; 1-Type A, B, I), H, S, R 
Plug-In Units. 1-Type TU-2 Test 
Load Plug-In Unit; I-Type 107; 1- 
Type 1 1  1; 1-Type 181 ; 122 Amplifier. 
Contact: Mr. I'osncr, Pacific Combus- 
tion Engineering Company, Los An- 
gcles, California. Telephone: (213) 225- 
6191. 

1-Type 526, SN 00967. Price: $1000. 
1-Type 261 Coax Srvitch. Price: $350. 
2-Type 262 Programmer. Price: $695 
each. Contact: Mr. Stclvart FA, S te ta r t  
Lntcrpriscs, 14.827 Cohasset, Van Nuys, 
California. Telephone: (213) 873-7672 
or (213) 786-7672. 

1-Type 50-1, SN 001667. Plice: $395. 
Contact: Mr. Jack Sno\\, General De- 
sign, Inc., P. 0. Bo\ 116, hhlbourne, 
Flol ida 32901. Telephone: (305) 727- 
3191. 

1-Type 3 17. Unusctl since recondi- 
tioning in Tektronix Service Center. 
Contact: Mr. Willial~l \Versing, 'Vil- 
l ia~ns Lalmratories, Inc., 125 Northview 
Road, Ithaca, New York 14850. 

1-Type 175. One year old, never used. 

Contact: Mr. Earl Stridde, Ski1 Corpo- 
ration, 5033 Elston Avenue, Chicago, 
Illinois 60630. Telephone: (302) 286- 
2000 Ext. 34.1. 

I-Type B Plug-In Unit, SN 021854. 
Brand new condition. 1-Type 1.47 
Differential Unit, SN 001830. Contact: 
Mr. Irv Sieger, General Resistance Di- 
vision Chronetics, Inc., 500 hTuber Ave- 
nue, Mount Vernon, New York 10550. 
Telephone: (21 2) 292-1500. 

1-Type 531; 1-Type 53/54C Plug- 
In Unit; 1-Type 202 Scope Mobile@; 
1-100X, 2-10X, 1-1X Probes and 
Polarized Vie~ver. Good condition. 
Price: $950 complete. Telephone: (213) 
422-194-2. 

1-Type E Plug-In Unit, SN 006618. 
Price: $120. Contact: Mr. Bob Good- 
man, Clark-Dunbar Company, 325 
Jackson Street, Alexandria, Louisiana 
71301. Telephone: (3 18) 443-7306. 

INSTRUMENTS WANTED 
.? a%-L=-.--=&.&A ">-".== a=.-%- v-s--a---a 

Oscilloscope for personal research. Rea- 
sonalde price. Prefer Plug-In versatil- 
ity. Contact: Mr. C. S. Levine, 1002 
Carnplxll Aven~~e,  West Haven, Con- 
necticut 065 16. Telephone: (203) 934- 
6287. 

1--Type C12 or C27 Camera. Contact: 
Mr. Bob Goodman, Clark-Dunbar Com- 
pany, 325 Jackson Street, Alexandria, 
Louisiana 71301. Telephone: (318) 443- 
7306. 

Usable Type 519 IjC-to-1 GHz Oscillo- 
rcope. Contact: Professor Edward M. 
Eyring, Department of Chemistry, Uni- 
versity of Utah, Salt Lake City, Utah 
841 12. 

Printed in U.S.A. 5/69 SKD A-2408 
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DEVELOPING AN "INFORMATION AGE" TECHNOLOGY 

THE BEGINNING . . . . Bob Anderson, inventor of the first simplified bistable, direct-view storage tube. 

The art  of inventing is a fusion of the imaginative and the 
practical. 

The first step is ,in the realm of the practical, and typically 
consists of the identification of a specific and worthwhile 
need. This identification may come directly out of prob- 
lems which are well recognized in existing devices, or may 
come out of the recognition of a previously unvoiced need. 

The second step is in the realm of the imaginative, and con- 
sists of dreaming new dreams of better ways to reach the 
objective. At this stage, the untried uncertain conjecture is 
often the precursor of invention, for you cannot be truly 
new by building entirely on old and certain knowledge. 
There is no compromise with finished history-you either 
have something which differs from past knowledge, or you 
have no invention. 

The third stage is again in the realm of the practical, and 
consists of experimental selection, verification and extension 
of the new concepts, and then the implementation through 
development, design, production and sales, which will in- 
volve many essential contributors besides the inventor. 

All of these steps are equally important in the sense that, 
like the serial links of a chain, none can be omitted and 
still bridge the gap from "conception to contraption". How- 
ever, the truly new idea is one of the more scarce commodi- 
ties. The man who says "ideas are cheap" identifies himself 
as one who is not making his living and his career out of his 
ability to conceive new ideas. For the career inventor who 
takes the consequences of the ideas which fail, good ideas 
are crucial, scarce and most expensive-not cheap. 

T o  the beginning inventor, 
I would offer these com- 
ments. Cultivate a deliher- 
ate sensitivity to problems, 
leading you to form a large 
and explicit backlog of un- 
filled needs. Then, think 
deeply about how you will 
select problems from this 
reservoir for your most in- 
tensive efforts. You will need 
to be working on many 
problems, and well chosen 
ones, since you will succeed 
so seldom. Do not scorn the 
imaginative, but be proud of 
your dreams, since they are 
a t  the source of creativity. 
Do not hesitate to use your 
olvn personal aids to the im- 
aginative process, such as conjectural "bull sessions", graphic 
aids to visualization and information gathering activities. 
Do not be dismayed a t  those who persistently and critically 
ask why you need these procedures, for they are not equipped 
to understand your answer. 

Be encouraged when an expert tells you that your concept 
is unworkable (if his reasons are vague), because he is really 
telling you that the novelty of your concept has taken him 
by surprise, and you are getting close to an answer. 

Success often comes soon after such predictions of failure. 

T H E  FUTURE . . . . C. Norman Winningstad, Information Display Manager. 

Todav. the general r ~ o ~ u l a -  , , - . . 
tion still has little contact 
with the computer. Al- 
though many paychecks and 
bills are computer prepared 
and processed, there is little 
direct contact between man 
and machine. Even engi- 
neers and scientists usually 
interface the computcr 
through a stack of cards or 
a programmer. 

Often, companies with com- 
puter installations are dis- 
illusioned because informa- 
tion needed for decisions is 
not readily accessible from 
the computer. How many 
times have you had to wade 

through the pages of the weekly printout, vainly searching 
for what you want? If computer information was quickly 
and easily accessible, man could enter the "Information Age". 

The remote computer terminal allows entry into the Infor- 
mation Age. Bring the information to the man! At Tck- 
tronix, we believe we have an  excellent solution. Since one 
picture is worth 10,000 words, we are proposing graphic 
computer terminals rather than just alphanumeric terminals. 
We did not invent the idea of graphics, but Anderson's in- 

vention led us to a practical, economic solution to graphics. 
We feel we are performing a "pump priming" operation. 

There is little now in existence in operational information 
systems for several reasons. Software, compatible communi- 
cations language and terminals all need to evolve further. 
Now that the kev item of reasonable-cost terminals is here. 
the others will foilow quickly. Software development is pro: 

The main point here is compatible business procedures. Let's 
not use business in the broad sense of purposeful human 
activity, but confine it to the communication of information. 
Accountants, for example, are used to scanning columns of 
figures, and develop the skill of reading trends from num- 
bers. They would prefer to express the numbers graphically, 
but until rccently, it was not economically feasible to obtain 
graphical results. Almost everyone today operates his busi- 
ness in alphanumerics simply because typewriters, teletypes 
and computer printers cannot do ~ raph ic s  and humans take 
too long to generate a graph. Wouldn't you like to have a 
PERT chart available to you, up-to-date on a daily basis 
for your individual projects? O r  any Standard and Poor's 
stock performance chart updated daily? 

ceeding rapidly, especially among the time-sharing services. 
The ASCII code is close to a universal language. 

- 

Low-cost graphics, and the availability of mass data bases 
will fundamentally change the way we do business. From 
education to medicine, from engineering to housekceping- 
nothing will ever be the same. 

We are proud to be among the pump primers! 
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Return-loss n7easuren7enis are a powerful tool 
for quickly indicating the extent of an 
impedance misniatch or a discontinuity in a 
video transmission system. The use of a I - m y ,  
DC-10 MHz differential preamplifier as an error 

detector alloin/s direct observation of system 
performance over the complete video bandwidth. 

Return-loss techniques accomplish basically 
two types of ineasurements. The sirnplest is the 
verification of the perfornlance specifications 
of instrumentation. 
- 
I he second area of interest for return-loss 
measurements is looking info long cable systems 
that may have a number of moniiors, o'istribufion 
amplifiers, etc., bridging the line. Return- 
loss can give the user a good measurement of the 
degradation contributed by each coinponen? of 
the video transmission systein, including coaxiai 
cable condition. 

As a result, with proper test signals applied; 
return-loss ineasurements provide indications 
closely related to picture impairment. 

COVER The Tektronix Return-Loss Bridge con- 
sists of a basic 75-R Wheatstone Bridge with a 
1-mV, 10-MHz Type I A 5  differential amplifier null 
detector. See story on page 2. 

@ 1969, Tektronix, Inc. All Rights Reserved. 



At left: Charles Rhodes, Program Manager of Television, 
Low Frequency, and Medical Instrument Engineering, meas- 
ures return loss. 

Modern color 'TV broadcasting studios require that a 
number of monitors, processing amplifiers, distribution 
alnplificrs, V'l'li's, oscilloscopes, ancl other equipment 
all bc clril-en by a signal passing down a rclati\dy long 
Icngtli of coaxial transmission linc. I n  son~c  cases, since 
the sicpal may pass se\ era1 time5 thro~igli the same type 
of amplif ic~,  a large cunldat i \e  error can iesult if the 
alnp1ific.r pro\icies an incorrect soulcc or load imped- 
ancr to any flequency component of the \ idco signal. 

\ \ J l~cn coasial transmission lines feed a nunnbcr of dif- 
fcrcnt instrun~ents, the nletllod of making connections 
is imlmrtant. For this reason, a loop-through technique 
is often rlsccl sincc transmission of wide-band video sig- 
nals must be on constant impedance transmission lines. 
'I'he i~npcdancc characteristic of the cable is critical to 
transmission q~lality ancl shielcling requirements dictate 
that coaxial cal~lcs Ilc used. If the input impecIancc, 
coaxial conncbctors ancl caldc used within each instru- 
mcnt \vcrc pcrfcct, no ~ncasurahlc effect upon the trans- 
mission \4.0111tl occrw. L,'nfostunatcly these paramctcrs 
arc. not 1wrS<~t so a fig111.c of ~ncr i t  of tllc qrtality of 
\.idcct tsansnlission systclns is ilnportant. 

1,ooping a signal through an instrument means a portion 
of the trans~nission path the signal tra\;erses is now with- 
in the instrument. Therefore: it is necessary to know 
\\:hat elfcct this additional signal path contributes to the 
o\.crall \idea system. 13ccausc a connection must be 
mntlc to the ccntcr concluctor~ an incorrect i~npcclance 
can cause a nlisnlatcl~ ancl cause energy to be reflected. 
Iclcally. thc tcrnlination should be an irnpeclancc esactly 
equal to the chalxtcristic i~npedance of the linc to prc- 
\ m t  reSlcctions and niatch the t\ro impedances in mag- 
nitude and pllasc. 

If the t\vo impedances arc not matched, standing waves 
on tllc linc proclucc crroncous \ d t a g e  or current read- 
ings. Fig 1 illustrates a case where a camera is locatecl 
100 feet from a nlonitoring point. The  coaxial cable 
runs from the camera, loops throu& the monitoring 
point and is terminated at the transmittel.. If the trans- 
~nission line is not perfectly inq~cclancc matched at 
tlic rccc.i\,ing end, energy will IIC reflected I~ack. The  
monitoring point will observe the instantaneous sum 
of the camera signal ancl the signal reflected fro111 the 
tcrmination. 'I'hereforc., the signal measured a t  the 
~nonitoring point may differ considerably from the sig- 
nal rncasurecl a t  the tcrmination. As an exaggrrated 
csanq~lc? suppose an oscilloscope were displaying the 
signal a t  a point of nlinimum \.oltagc-a ~ninimum 
car~scd by rclati\dy high standing wave ratio on tlic 
linc. A scconcl oscilloscopc locatecl 46 feet (:.;I wa\-e- 
length a1 3.58 M H z )  fro111 the first ~vill obscr\-c a dras- 
tically different display. 

A typical ti-ans~nission s'gnlcnt might consist of the 
connectors ancl cable (including loop-through facilities) 
connecting tivo acti\.c clclncnts. The  last point in the 
segment is thc tcrlnination resistance into \vhicll the 
cnwgy is dcli\~crcd. Silicc the line effecti\.ely ends when 
a signal encounters thc input inil)cclancc of an acti1.e 
clclnent, inforniation cannot bc obtained beyond that 
point. 'l'ht~s, a tclc\.ision transmission system is Incas- 
urccl segment l)y scgmcnt. Itcturn loss mcasurcs the 
amplittldc and phase of the reflections clevclopcd from 
impcclancc cliscontinuitics. itcflcctions can occur \vhcther 
tilt: discontinuity is in the linc itself or cariscd by an in- 
strunlent I~riclging the linc. 

Fig 1 .  The oscilloscope views the instantaneous sum of the incident and reflected signal. 

REFLECTION 



For many years the effects of an impedance mismatch 
ha le  been discussed in terms involving reflection co- 
efficient ( P ) ,  a standing-wa\e ratio (SMN) ,  chalacter- 
istic irnpcdancc of the trammission line (Z,) , and tcr- 
inination irnpedancc (L) . 

'Transmission line theory de\dops  the concept of a "rc- 
flection loss" which is dcri\ ed from the reciprocal of the 
coefficient. 

Reflected Voltage 
P I - - -  -- --- 

Incident Voltage 

l<cflections are created because of impedance iilismatch. 
Therefore, the reflection coefficient may also be ex- 
pressed in telms of cl~aracteristic impedancc and ter- 
mination impedance. 

I n  the past few years, European and Australian T V  en- 
gineers ha\e  referred to the term "return loss" (reflec- 
tion loss). Return loss is being used by Tektronis and 
other manufacturers of video equipment to specify the 
performance characteristics of inputs and outputs of 75- 
2 T V  equipment. By definition, "return loss" is 20 log,, 
of the reciprocal of the reflection coefficicnt. 

Zt 4- Z,, (Incident Voltage) 
lieturn lois, dB = 20 log,, - -- - - - - - -  

Zt - Z,) (l<eflected Voltage) 

Note that an open and short circuit will both produce a 
return loss of 0 dB, while a perfect irnpedance match rc- 
sults in a return loss of CQ dB. 

INCIDENT REFLECTED SIGNAL 

Fig 2. An incorrect termination impedance causes a reflec- 
tion whose amplitude is proportional to the size of the mis- 
match. 

TEKTRONIX RETURN-LOSS BRIDGE 

'The Te1,tronis lieturn-Lo9s Blidge consists of a sinlplc 
TVI~catstonc Blidgc \\ith t h e e  fixed 75-0 lesistors and 
two removable 75-0 lesisti\c tclminations mounted on 
matched cables. The capacitor across the center of the 
1)ridge permits balancing of stray capacitance from the 
I~ridgc arms to gro~md. This configuration offers a 
matched load to both the signal generator and tllc re- 
flected wa1.e from the 11nlino\vi1 impcciancc. The  test 
signal is applied to the top of the bridge (one side is 
grounded to allow single-enclccl testing), and the error 
signal is measured across the output terminals. The  
rugged ~assi\ .e  colnponentsarc mounted in a conipact 
housing for attachment to the Type 1A5 Iliffcrential 
Unit. 
r .  1 he error signal is processed by the Type 1A5 Differen- 
tial Unit which acts as a balanced detector. This unit, 
when used with the l'elitronis lieturn-Loss Bridge pro- 
vides DC-10 MHz performance at  1-mV deflection fac- 
tor. This p~w~rnplificr, which works into any of the 
Tektronis Type 530, 540, 550 and 580++ Series Oscillo- 
scopes, is the heart of the measuring system. 

The Tektronis Return-Loss System is specified a t  -54. 
dB over the full 10 MHz bandwidth of the system. Since 
1.6 dB is equivalent to an inlpedance discontinuity of less 
than 0.5': the bridge pro\.icIes morc resolution than is 
us~rally required. 

Use of the 'Tckt~onix Ketul n-Loss Bridge is quite simple 
Once the br i d ~ e  is balanced, the UNKNOTVN tcimina- 
tion is remo\ cd and the cable is applied to the device 
~tncler test. If the de\ice en~ploys a loop-thlough input, 
the UNKNOTVN tclmination should be used to tctmi- 
nate the de\ ice The  oscilloscope deflection thus ob- 
tained is a measwe of the anlplitude and phase of the 
reflected signal 'The amplitude dcsclibcs the se\ciity of 
discontinuity (retuln loss) and the phase indicates the 
natrue of the lcactancc 

Amplifi& input iinpeclanccs sonletiines c l~angc clepend- 
ing whether the power is on or off. TVhen a pait  of the 
termination inlpedance of an amplifier is the input im- 
~xclancc (as is often the case) then the input impedance 
of the amplifiel will probably vary with power on or off. 
'Thus, equipment must be cl~ccked under power-on and 
power-off conditions. This is particularly important 

ith sen~icond~~ctor  equipment 

lieturn-loss nieawcmcnts ale also con\ enicnt fol meas- 
uring output impedance I t  is only necessary to connect 
the unknown arm of the bridge, and the output imped- 

"Requires Typc  81A Adaptor. 



ancc ma) Ix ~oil ipaied against the bridge reference re- 
sistor. This allows quick determination of incorrect out- 
put impedance at some freclucncy in the \idea band By 
chccLin2 bo th  the input impedance ancl output iinped- 
ancc of \ icleo clistlibution amplifiers, aclditional infor- 
mation is obtained about the \7iclco transmission system. 

Many users will prefer to use a swept frequency oscil- 
lator to check their systems and will check each frequen- 
cy in which they arc interested. T h e  only problem with 
this approach is that correlation of frequency informa- 
tion to picture impairment is difficult. Steady-state per- 
forn~ancc is not easily related to picture impairment. 
Altl~ough all the a lnpl i tde  information is present, no 
phase information is available. Unless the amplitude 
frecj~iency characteristic ancl the group envelope delay 
characteristic of the sytenl are both known, time-domain 
testing with pulses is required for the additional phase 
information. I n  time-domain testing, it is possible to re- 
late a picture impairment to the measured return loss. 
I n  sinewa\.c testing, there is little relation between test 
results and picture impairment. 

PICTURE IMPAIRMENT DISTORTIONS 

TV distortion problems may be conveniently catego- 
rized into three broad time domains: field-time distor- 
tion. line-time distortion, and short-time distortion. 

Fic.lrl-tinic~ distortiorz may be observed using a square 
wave at the field frequency, i.e., 50-60 Hz. The  frequen- 
cy range of this clistortion is limited to a few hundred 
hertz since at  that point the energy content is small and 
lost in thc noise. Included in this test range are the 
simplc ohmic discontinuities, AC-coupling networks, DC 
impedance matches of long pieces of cable and termina- 
tion resistors. Field-time distortions are indicated by a 
non-uniform brightness at  the top or bottom of the 
screen. 

Line- t ime rlistortioizs are the most easily visible pic- 
ture impairments. 1)istortions that occ~ir  at  15-500 kHz 
rate and that appear across a line, show up as very ap- 



STREAK SMEAR 

Fig 3. Common line-time distortions. An overshoot or under- 
shoot of less than 0.5% is apparent to an observer viewing 
a monitor. 

parent streaks or smears. As little as O.5yc tilt in a 15 kHz 
luminance signal can be easily seen by anyone looking at 
their receiver from across the room. (see Fig 3.) 

Coaxial cables have significant losses in this frequency 
band so the video signal is generally degraded at  this 
point. Transmission line losses, then, show up as a smear 
in the pict~we. 

Short-iimc~ di.sforfio~~.s may be consiclered as those dis- 
tortions that occur in the last octave of frequency 
response of the video channel (appros 2-4 M H z ) .  
Overshoot, ringing, and rounded vertical transistions re- 
sult in a soft-looking picture lacking sharp definition. 
This distortion is all controlled by the phase and fre- 
quency rcsponsc between 2-4 MHz. A fast rise square- 
wave pulse a t  15 kHz may be used, but it is usually more 
convenient to use a pulse source in \vhich the amount of 
energy between 2-4 MHz is large compared to the sys- 
tem noise (e.g. sin2 pulse). Thus, a high rep rate signal 
is appropriate since you are only looking at  the few 
hundred nano seconcls around transient occurrence. 

A translnission s)stcm sho~~lcl  be tested as close to its 
operating \oltage level as possible. A defective input 
amplifier ma) h a ~ c  \eiy good return loss with a 50-mV 
input, but have poor performance at  1 V. If, for exam- 
ple, there is very low collector voltage on an  input emit- 
ter follower, the collectol-to-base junction could be 
driven into the forward bias region with a large signal. 
Or,  overdriving an  ope1ational amplifier changes return 
loss drastically. Since the reason a system is being 
cheched is to detect possible problems, test the system in 
such a manner as to most closely simulate actual operat- 
ing conditions. 

One of the major strengths of return-loss techniques is 
that the system is not being o\.crtestcd. The  bridge is es- 
cited only with those test signals which, when distorted, 
result in picture impairments. I t  does not shock-excite 
the system by applying frequencies that are of no inter- 
est. I t  I~asically monitors the reflected energy that is not 
absorl~ccl in the load as it should be. Although the bridge 
tells the esact nature of the impcdancc discontinuity, 
it gives no time information as to where, physically, the 
fault lies. 

One of the inherent advantages of a return-loss bridge 
is that standard television test signals may be used as a 
source. Thus, sine-squared, pulse and bar winclow. 
inultiburst and color-bar generators all serve to provide 
information across the video system. I n  addition, sine- 
wave oscillators, swept frequency oscillators and syuare- 
wa1.e oscillators may all be used as sources. I3y choosing 
the proper signals, the impedance characteristics may be 
specified across the complete video bandwidth. Note: 
The return loss specified on Tcktronix instrun~ents is 
a1zuay.c the worst return loss of any portion of the I~ancl. 

Fig. I .  Upper-T and 20T sin2 pulse and bar input: 0.5 V l cm.  Center-Differential display: I mVlcm.  Note that the 
-54 dB return loss of the bar (l ine time) is less than that of the ~ 4 8  dB pulses (short time). 2: is > Z, and 1l500 
mismatched or -75.222. Lower-T pulse magnified and repositioned. The initial negative portion indicates a shunt 
C condition. Fig. 2. Upper-Differential display of subcarrier: I mV lcm.  Lower-Single ended display of reference 
input: 0.2 V l c m .  The return loss is 45 dB (0.56l0.003). By externally triggering, the upper signal is shown to be lag- 
ging 90" indicating a shunt C situation (leading 90% would indicate series L). Fig. 3. Upper-Return loss of a TV 
monitor with switchable termination in 7 5 4  position (-48 dB). Lower-Return loss increases substantially when re- 
versing IN and OUT connections (-39 dB). Both disp1ays:l mVlcrn. 



TEKTRONIX INSTRUMENTS WITH 

An excellent source for return-loss measurements is a 
Pulse and Bar IYinclow Generator. This prllsc source 
contains sufficient information to check for all three 
categories of distortions. Pulse and Bar Window Gen- 
erators 11a1.c large energy components a t  field-frequency, 
line frequency, and band edge (short-time distortion) 
all a t  the same time. 

Another source that works well for return-loss tcsting is 
a sine-squarcd pulse of ?' to 2T. T h e  T pulse has zero 
fl-cqucncy response a t  8 MHz \vith 0.5 energy a t  -1. MHz 
\vllilc the 21' pulsc has frecjucncy responsr points a t  4 
MHz and 2 MHz rcspccti\dy. As a l-csult, tlicsc sources 
are ideal for short-tiiiic distortion testing. Sin' pulse and 
bar tcsting is tlseful for checliing liinc-time distortion 
since thc s i n v ~ a r  signal \viH not ring in a prolxrly t11nec1 
system (~vlicn used for line clistortion tcsting. the lrac1iyg 
cclgc is ncglectecl). An allxiliar). 50 or 60 Iicrtz sclilarc 
1val.e should he used for ficld-tilnc distortion checks. 

A color-l~ar generator (c.g.. 'l'ektronis Type 140 N'I'SC 
and l ' y lx  141 PAL 'l'est Signal Generators) pro~.icles a 
good signal for rctt~rn-loss checking. 'I'hc white refer- 
cncc: pulse of 6-7 microseconds duration gi\.es a good in- 
clicalion of line-time distortions. T h e  largc amount of 

RETURN-LOSS SPECIFICATIONS 

energy a t  the color subcarrier Irecjuencies provide infor- 
mation on short-time distortions. I n  adclition, the split- 
field signal of the Type 140 g i \w  a fair indication of 
field-t ime distortion. 

Sine-wa\c generators are also ~lseful with a return-loss 
I~riclgc. One of the \:irtucs of a sine-wave generator is 
that a great deal of cncrgy may be generated at a siilglc 
frecluency. I n  the case where it is necessary to override 
a large adjacent radio transmitter sourcc, a return-loss 
briclgc could Ile rlsecl. R): decreasing bridge sensitivity 
and raising the lc\.cl of input source, the strong noise 
source can cfi'ecti\dy be "ovcrpowcrecl". This tech- 
nique is quite difficult with sin' generators or color-bar 
generators, since it calls for a much larger than norlmal 
anq~litucle. 

I<(:t~~rn-loss measurcmcnts provide the \.iclco transmis- 
sion lint: user wit11 an accurate measure of reflections 
due, to impcclance discontinuities. 13y choosing the prop- 
(T signal source. inlpcclance cllaractcristics may Ix mcXas- 
r t i d  across thc colnplctc \.icleo i~anc~\viclth. 

For rclel-cncc consult: ( 1 )  E. Friedlnan and F. Davicloff, 
"The Video Return-Loss Hriclgc" J. SMPTE, Aug. '60.  ( 2 )  
I:. Dauieloff; "Status Report on Viclco Stanciards" IEEE Vidco 
Signal Transtnissiotl S11lx:omlnittce 2.1.4; June '69. 
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Cross-section diagram of  a typical coiled electrode sintered 
plate cylindical cell. 

?'he zuidespread use of 1-eclzargeable cells i n  electronic 
ii~strunzentatiot1 provides a n e w  accessibility i n  the  use 
of nzoclern instrunzents. T h i s  article points out some 
j~arameters of c o n c e ~ n  to  tlze battery-pozfiel.er1owered instru- 
nzeizt user. 

T h e  following exp la~ la t ion  applies specifically to  the  
.sealed "C" and "D" Nickel-Cadnziunz ( N i C d )  cells 
used by Tck t ron ix  to  power tlze T y p e s  321A,  323,  410 
and 422  M o d  125B. For tlze purposes of this review, a 
"battery" consists o f  one or more cells. 

BASIC PRINCIPLES 

Nickel hydroxide is the acti\ e material of the positive 
plates in nickel-cadmium batteries. Cadmium is the ac- 
ti\e inaterial of the negative plates, and the electrolyte 
is usually a water solution of potassium hydroxide or so- 
dium hydroxide. The use of an alkaline electrolyte 
allows use of a nickel screen or a sintered nicliel plate 
to retain the active matelials. This type construc- 
tion reduces the corrosion of the electrode structure by 
the alkaline electrolyte to an extremely low late and con- 
tributes to the long life associated with NiCd cells. The 
drawing illustrates the construction of a typical nicliel- 
cadmium cell. 

SEALED VS UNSEALED CELLS 

The major differences between sealed and unsealed 
NiCd cells arc that sealed cells use a minimum amount 
of electrolyte and a gas permeable separator, while un- 
sealed cells use an excessive amount of electrolyte and a 
separator material that is nonperineable to gas. 

Oxygen generated in sealed cells during overcharge (see 
section on OVEIICHAIZGE) is recombined and causes 



CHARGE CAPACITY AND EFFICIENCY 

heat dissipation at the end of the charge cycle. In un- 
sealed cells, oxygen is liberated without generating heat. 

Sealed NiCd cells need little maintenance, are efficient 
at high discharge rates, accept long-term overcharging 
and operate in any position over a relatively wide tem- 
perature range. For these reasons, all Tektronix port- 
able oscilloscopes use sealed NiCd cells. All following 
information pertains to sealed cells only. 

The energy rating of cells and batteries is usually speci- 
fied in Ampere Hours (Ah). Energy ratings of the " C  
and "D" size NiCd cells currently in Tektronix instru- 
ments are specified at 1.5 or 1.8 and 4.0 Ah respective- 

ly. Actual Ah capacity of new cells can be as much as 
3070 greater than the specified value. This fact should 
be allowed for when considering charge times. 

Charge efficiency is defined as the ratio of the recover- 
able charge to the original charge expressed as a percent- 
age. It is norn~ally close to 100% except at the end of the 
charge cycle when oxygen is liberated. An exact effi- 
ciency is not ~~sually specified because of self-discharge. 
To allow for both charge efficiency and self-discharge, 
recharge Ah must be 120 to 130% of the charge capacity. 

SELF-DISCHARGE 

DC-powered Oscilloscopes manufactured by Tektronix which 
use NiCd sealed cells. Pictured are the Type 321A (DC 6- 
MHz), Type 410 Physiological Monitor, Type 323 (DC 4-MHz) 
and Type 422 Mod 125B (DC 75-MHz). 

Self-discharge occurs continuously whenever a cell has 
remaining charge. The major factors contributing to 
self-discharge rate are temperature, material impurities 
and the state of charge. At 4j°C, self-discharge can be 
5 times greater than at room temperature and as much - 
as 15 times greater at 60°C. Immediately after charg- 
ing is completed, self-discharge starts to reduce the stor- 
ed energy. A fully charged NiCd cell may lose 10 
to 15% of capacity within the first 24 hours. After the 
initially high energy loss, the rate decreases to less than 1 
per cent per day or 10 to 15% per month. Thus, when 
maximum operating time is required, the batteries 
should be charged until immediately before use. Once 
full charge is reached, the battery may be maintained at 
full charge by trickle charging to offset self-discharge. 

CHARGE RATE 

In most Tektronix instruments, the sealed nickel-cad- 
mium cells are charged with constant current at a C/10 
rate. (1.5 Ah cells are currently being introduced which 
will recharge at (216.) A C/10 charge rate means the 
charging current is one-tenth of the Ah rating. 

EXAMPLE: If C = cell capacity in Ah and 10 = 
number of hours for full discharge, 
then for a 4.0 Ah cell, C/10 rate is 
4.0 Ah 
- -  - 400 mA. 
10 H 



A specific clmye rate for each cell type is adopted 
Ixcause it is typically the masirnuin recornmendccl rate 
a t  which that cell type can be o~~erc l~a rged  without cfam- 
age or siqnificant reduction in cycle life. 

CHARGE TIME 

OVERCHARGE 

T o  take account of charge efficiency it is recoininended 
that 120 to 130% of the charge capacity be inserted to in- 
sure a full charge. At the C/10 rate, this implies charg- 
ing fol 12 to 13 hours to reach the specified Ah capac- 
ity. (14 to 16 hours takes account of the p o d d i t )  
that a new cell will have more than the rated Ah 
capacity.) 

Overcharging is the technique of deliberately applying 
more than 100% rated charge to the cells, and is the 
best way to bring cells to a balanced state of charge. 

Because oxygen is evolved from the positive nickel plate 
during overcharge, it is n~andatory to the design of the 
sealed cell, that capacity to absorb oxygen be provided. 
If the overcharge rate is not too large, i.e., C/lO, an 
equilibrium condition is reached such that oxygen is re- 
combined to form cadmium liyclroside at one plate as 
fast as it is lseing liberated a t  the other. In  fact, both 
plates are provided with capacity to absorb oxygen, 

C110 

C I 6  

since during lecerse charge, oxygen is liberated at the 
opposite plate. O\ercharge enelgy is dissipated as heat 
and there is a tendency to dry out the cell electrolyte if 
o\.ercharge is continued for long periods. Electrolyte 
loss will proportionally reduce cell life. All cells approv- 
ed for use in Tektronix instruments will tolerate over- 

HIGH Ah 

charging for an accunlulated total of several weelis dur- 
ing their lifetime without this factor being the lnajor 
cause of cell end-of-life. 

140% 

14 hrs 

8.4 hrs 

RATED Ah 

When a number of cells are operated in series, charge 
imbalance occurs. T o  reduce the possibility of one or 
more cells going into reverse charge towards the end of 
the discharge cycle, charge balancing is recommended. 
The  recommendecl method of charge balancing is to 
deliberately charge for a longer period of time than is 
necessary to reach i n a s i ~ n ~ ~ i n  Ah rating. I n  other words, 
overcharge the battery. Balancing is recommended 
once a month or every 15 charge/discharge cycles 
by charging for about 5070 longer than the normally rec- 
ominended time. 

160% 

16 hrs 

9.6 hrs 

120% 

12 hrs 

7.2 hrs 

TRICKLE CHARGE 

130% 

13 hrs 

7.8 hrs 

\Yhcn trickle charge techniques are attempted to take 
a discharged battery up to full charge, most of the ener- 
gy is spent combating self-discharge. Therefore, trickle 
charging for a time that calculations suggest would re- 
sult in full charge, may only raise the charge to 30 or 
40' of its masinlum value. Thus, trickle charging can- 
not fully charge batteries, but does provide a usefu! 
method of maintaining full charge. 

When battery operation is not required for several days 
or weeks and the battery is fully charged, trickle charge 
malies up the energy lost through self-discharge and 
and maintains the battery in a fully-charged condition. 

DISCHARGE 

Operating time is a function of the load current repre- 
sented by the instrument, the actual Ah capacity of the 
battery, the operating temperature and the depth of the 
discharge chosen. All Tektronix instruments provide an 
indication when these endpoint voltages are reached. 
(e.g., front-panel warning light or battery condition in- 
dicator.) C a u t i o n :  I t  is inzpo~.tant that o p c ~ a t i o n  br  
tcmzinated zaitllin 15 minutes  of the  t i m e  w l w z  t h e  eizd- 
point voltagc is ~eachcc l  to  avoid possible damage  to  t h r  

cells. Discharging below end point voltage is a major 
cause of cell damage, particularly when considered to- 
gether with charge imbalance. 



REVERSE CHARGE 

Reverse charging occurs when a low cell in a series is 
discharged beyond the point where it reaches 0.0 V. 
From this point the remaining cells in the series supply 
charge current to the low cell, but with reversed 
polarity. 

A certain rate of reverse charge is not damaging to a 
cell, but at higher rates, r~ndcsirable consequences oc- 
cur. A battery passes through three stages in re\.erse 
charge. First, it will eshibit a 0.2 V barrier potential 
for a considerable charge. Second, it will rise to 0.5 V 
when hydrogen and osygcn begin to e\.olve without 
combining within the cell, so that the internal pressure 
increases. 'Third, it will come to full reverse charge with 
c,onsiderable hydrogen being evolved and with a poten- 
tial as high as 1.5 V. At this stage the relief valve may 
\ m t ,  releasing gas ancl some electrolyte. The  relief 
\.alvcs on some of the cells we use vent a t  sis atmos- 
pheres ( 100 psi) ancl do not reseal. 

Ability to esceed the reverse barrier potentials is a func- 
tion of re\crw current. At (2120, no d a m a ~ c  is lihely 
At C/ 10, there is perhaps a 1 C/o chance of esceeding the 
first balliel potential. At C/5 and above, h o ~ ~ e v e r .  
damaye is lili~ly. Some types of cells that ha le  xentccl 
can be cletccted by a white deposit around the relief 
valve. 

VOLTAGE CHARACTERISTICS 

The  best means of currently determining the condition 
of cells is to measwe their indi\.idual \.oltages accurate- 
ly. Because the no-load voltages can be misleacling, 
voltages should be measured while operating thc instrn- 
ment. First, establish that no cclls arc short circuit 
(zero) by measuring the individual ccll voltages. 1 hen, 
check that the charge current is correct for that insiru- 
mcnt. Nest, ovcrchargc the battery by charging for ap- 
lxosimatcly 24 hours. Individual cell voltages should 
Ix: meas~crcd again on load after opcrating the instru- 
ment for one hour. Any cell differing by more than 50 
11lV from the majority is suspect and should bc csain- 
ined and pcrhaps replaced. Whcne\m a ccll is replac- 
ed, thc battery must be ovcrcl~argccl to balance the 
capacity. 

0 1 2 3 4 5 
TIME IN HOURS 

Typical voltage characteristic for a single cell discharged 
at a C/5 rate. Normal operation usually lies within the band. 

BATTERY LIFE 

In  Tehtlonix instruments, terminating discharge be- 
t\\een 1.04 and 1.19 V/ccll, (90% discharge), 500 to 600 
charge/clischargc cycles can be cspcctcd before "end of 
lifc". End of life is defined to be when the reco.i.erable 
All capacity has fallen to 80% of the rpecified I alue. 
This does not mean that the cell is unusable after this 
time. 

A cell can be stored in either a charged or uncharged 
condition for cstended periods of time. At room 
tcm~crature,  a cell noulcl be espccted to have a shelf lifc 
of three to five years, altllough a cell which has been 
stored for this lenqth of time could not bc cxpected to 
eshibit masimum cycle life. 

In the event of a catastrophic failure of one cell in a 
relati~ely new ba t t e~  y, there is no reason why the single 
ccll should not be ~eplaced. providinq thc recommend- 
ed charge balancin~ proced~cre is carried out after in- 
stallation oi the ncll cell. 

The  older the cells are, the less justification there is in 
replacing individual cclls bccausc the resulting pack is 
no better than the worst remaining ccll. Bearing in 
mind the age of the cells ancl what proportion are de- 
fective, a logical decision can be made as to whether 
inch~iclual cells or the whole battery should be changed. 

Use15 need not bc concerned about the cliffe~cnces in 
chal qc state Ixtween the lmiter and the nev, cell if the 
lepailed batteiY is chalgecl for a period of time that will 
11ring the eal,est ccll to full capacity. 
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TROUBLESHOOTING THE TRIGGER CIRCUITS 
-- 

By Charles Phillips 

Product Service Technician, Factory Service Center 

T h i s  Jourth  article i n  a series discusses troublcslzooti?zg 
teclzniqucs i n  the  trigger circuits of Tek t ron ix  inslru- 
nzents. For copies of the  preceding three TEKSCOPE 
articles, please contact your local field engineer.  

For effective troubleshooting, examine the simple possil~ilities 
before proceeding with extensive troubleshooting. T h e  fol- 
lowing list provides a logical sequence to follow while trouble- 
shooting trigger circuitry: 

1. Observe C R T  display characteristics. 

2. Check control settings. 
3. Isolate trouble to block. 

4. Thorough visual check. 
5. Check voltages and \vaveform. 

6. Check individual components. 

Tektronix trigger circuits are designed to respond to a ~ c i d e  
variety of input signals. Since many of these input signals are 
unsuitable as sveep-initiating triggers, signals are first applied 
to a trigger circuit where they are converted to pulses of uni- 
form amplitude and shape. Thus, reprdless  of the input sig- 
nal configuration, it is possible to start the sweep \\.it11 a pulse 
that has constant a~np l i tude  and  risetime. T h e  trigger circuit- 
ry allows the operator to start the s~veep on either slope of the 
waveform, select any voltage level on the rising or falling 
slope of that waveform, and filter out selected frequencies of 

the input signal for greater ease and repeatability in trig- 
germg. 

T h e  triggering of the general purpose oscilloscope may be 
hroken d0ij.n into five basic parts: ( 1 )  vertical amplifier trig- 
ger pickoff c i r c~~ i t ry ,  ( 2 )  input coupling circuitry, ( 3 )  input 
amplifier, (4 )  trigger pulse generator, and (5) automatic 
triggering circuitry. 

T h e  trigger pickoff circuitry acts as a Imffer to keep trigger 
circuitry from changing the operation of the vertical ampli- 
fier, yet pass the amplified vertical signal to the trigger circuit 
\\.it11 minimum distortion. Input coupling circuitry allo\rs se- 
lection or rejection of various frequency components of the 
triigier signal. The  input amplifier pro\:ides gain to assure 
the trigger pulse generator of sufficient input for proper cir- 
cuit operation. The  automatic triggering circuitry used in 
older Tektronix instru~ncnts eliminated control of coupling 
and level and provided a baseline in ahsence of signal at  a 50- 
hertz rate. The  automatic triggering used in the more recent 
Tektronix irlstruments provides all normal trigger functions 
as \\,ell as a bright baseline in the absence of a trigger signal. 

A l t h o ~ ~ g h  trigger circuits vary in their complexity and sophis- 
tication, the essentials are the same in all instruments. Nearly 
all Tektronix trigger circuits use a Schrnitt Multivil~rator for 
the trigger pulse generator. Most trigger circuits incorporate 
a trigger sensitivity control to pc r~n i t  adjustment of the min- 
imum si-x signal to \vliich the circuit can respond. Fig 1 illus- 
trates si~nplified block diagrams for \~acuum- t~~I )e  circuits and 
solid-state circuits. Individual trigger circuits vary but all cir- 
cuits make m e  of some of the basic functions listed below. 



CONTROLS AND ADJUSTMENTS 

Front-panel controls used in conjunction with the internal 
controls are typically: 

1. SLOPE (+, -) 
2. COUPLING (AC, AC L F  REJ, AC H F  REJ, D C )  
3. SOURCE (INTERNAL, EXTERNAL, LINE and 

PLUG-IN or C H  1 )  
4. TRIGGER LEVEL 
5. MODE (NORM, AUTO, SINGLE SWEEP) 
6. STABILITY 

The basic internal adjustments of a modern oscilloscope are 
the follo~ving: 

1. Trigger level centering adjust-controls trigger circuit 
symmetry to enable all coupling modes to ~vork prop- 
erly with the slope switch. 

2. Internal trigger D C  level adjust-allo\r,s the center of the 
LEVEL control to be set exactly to 0 volts in the D C  
mode. 

3. Trigger sensitivity-controls the minimum signal re- 
sponse-n~inimun sensitivity limited by noise. 

\Vhen tro~~blcsl~ooting trigger problems, a few simple steps 
can often determine Lvhich stage of the trigger is at  fault. 
Checking operation of trigger circuit in different sources, 
modes, slopes, and coupling positions will often isolate a prob- 
lem. Observing the effect of the stability and level controls 
gives additional information. In  checking trigger circuits, al- 
\cays be sure that sufficient signal is being applied to obtain 
a large observable deflection. ( = I  cm) 

Varying the trigger SOURCE switch between INTERKAI, 
and EXTERNAL triggering checks the trigger pickoff circuit- 
ry. Con~paring operation in different trigger modes can usu- 
ally localize a problem to a specific trigger stage (e.g., noting 
a difference in operation of the trigger circuit in AUTO or 
NORM may suggest the faulty stage). 

Typical Oscilloscope Triggering Controls 

Once the problem has been traced to a specific block, a close 
visual check may pinpoint the problem. Substituting tubes or 
transistors offers a quick means of checking a suspected stage. 
Altt.ays return the original component to its place if the prob- 
lem remains. 

When troubleshooting a nerv trigger circuit, take rome time 
to familiarize youlself \\ ith the block diagram and schematics. 
Spending a feu minutes with the instlument manual can gi\e 
valuable insight into the particular problem. 

TRIGGER OPERATION 

A simple, convenient general method to check proper trig- 
ger circuit operation is to apply a calil~rator signal to the os- 
cilloscope. Using the INTERNAL trigger source, adjust the 
controls and vertically center at  least 1 cm of calibrator signal 
on the C R T  display. Set the triggering LEVEL control to 
zero and place the coupling control in the AC L F  REJECT 
position (called AC-FAST on some oscilloscopes). This is 
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PREAMP - 

A M P  TAKEOFF 
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Fig 1. Typical block diagrams for tube and solid-state trigger circuits. 



TRIGGER PROBLEMS IN TRANSISTOR CIRCUITS 

LEVEL 

Fig 2. The sensitivity adjust determines the minimum circuit 
response (in mV). The trigger level centering assures proper 
slope and level operation in all coupling modes. 

typically the most difficult position in which to make trigger 
adjustments. If the circuit functions properly in this position, 
you can I x  assured that the circuitry is good. Set the sweep 
speed for the appropriate speed to observe 5-10 cycles of the 
square \\-ave signal. Preset the trigger sensitivity (if there is 
one) to midrange. Note: If the instrument has a STABIL- 
ITY control, adjust the control until the trace free runs and 
then backoff the adjustment 10-150. 

Adjust the trigger level centering for proper switching as the 
slope switch is s\vitched from f to -. Decrease the signal 
amplitude slowly, continually adjusting the trigger level cen- 
tering control, until slvitching occurs while changing PO- 
LARITY. If a proI)len~ develops, try changing the tubes or 
transistors in the comparator and the trigger generator or 
pulse generator stages. C o n t i n ~ ~ e  this procedure until the sig- 
nal amplitude is decreased to 4 or 5 mm. 

Nest, apply the signal to the external input source and adjust 
the trigger sensitivity until the scope triggers on 1- and - 
SLOPE ~v i th  200 mV of input signal. Check to be certain 
that the scope ~vill  not trigger on either polarity a t  100 mV. 
Caution: Do not adjust the trigger sensitivity to be overly 
sensitive or the oscilloscope may respond to noise pulses. In  
addition, tube circuits normally age in such a manner that the 
circl~it l~ecomes more sensitive with age. Once the trigger 
sensitivity is properly set, then the triggering level centering 
may be more finely adjusted. 

Nest, select the AC (sometimes called AC-SLOW) position 
of the COUPLING sivitch and note whether polarity remains 
correct. (A problem here usually indicates the large coupling 
capacitor is defective.) With 0.5 cln of signal, place he COU- 
PLING switch in D C  and adjust the internal trig D C  adjust 
for a stable display. Note: Because of signal attenuation in 
the DC position, approximately twice as much signal is re- 
quired as in the AC position. I n  the DC-coupled mode, any 
nlovelnent of the front panel POSITION control will act as 
a change in D C  level and interfere with circuit adjustments. 
Once a stable display is obtained, check for proper circuit op- 
eration in both positions of the POLARITY switch. 

Troubles in the auto-niulti I~lock are indicated ~vhen trigger- 
ing \\-ith a signal is normal, but there is either no trace or a 
blinking trace in the automatic mode. This usually indicates 
a defective or leaky transistor. If a free-running trace is pre- 
sent ~vi th  signal input conditions, disable the auto-multi block 
to confirin proper operation of the NORM mode. 

h psol~lem in the trigger generator is usually indicated by 
N O  triggering capallility. The  most common problems in the 
trigger generator are TD's and transistors. T h e  TD,  as ~vell  
as the transistors, may be checked using a Tektroiiis Type 575 
o r  5iG Curve Tracer. Defecti\re gating diodes in the Trigger 
Generator show up as a n  inability to trigger on one slope. If 
the problem appears to be a free-running display with no 
trigger capability in either slope ( A U T O  mode), the hifilar 
transformer should be checked. If trigger operation is erratic 
in I IF  SYNC, suspect a slo\\,-slvitching TD. 

Comparator stage problems are usually indicated Ily insuffi- 
cient range of the variable controls. If this condition arises, 
change the transistors to determine if  the probleni is devices 
or circuitry. If s\vitching of devices unl~alances the circuit in 
the opposite direction, replace the device(s) as they are un- 
I~alanced. 

TRIGGER PROBLEMS IN TUBE CIRCUITS 

If the trigger input stage has a vacuum-tube input, a leaky 
stage ~vill  show up as drift in adjustment. Leakage may Ix 
easily checked by monitoring the input to the trigger ampli- 
fierjcomparator from the triggering level circuit and then 
s\vitching the SOURCE from I N T  to EXT.  A shift of Inore 
than 200 inV indicates cscessive leakage. 

If triggering is erratic near 0 on the trigger level, hut control 
is okay at other points, suspect a defective trigger LEVEL 
control. If erratic triggering on small signals is noted in INT, 
the internal trigger pickoff path should I J ~  checked for esces- 
sive noise. 

No trace ~vithout input in the A U T O  mode (other triggering 
normal) indicates a weak Pulse Generator tulx. If the prob- 
lem is a Ixight trace without input the STABILITY and 
PRESET should Ile checked for proper operation and adjust- 
111e11t. 

NOTE: If possilde, use aged tubes or allo~v tubes to  age-in 
several hours I~efore final realignment for inost stal~le 
adjustment. 

NEXT: Troubleshooting the Sweep 



USED INSTRUME 

, L , , A  

2B67. Scopes are approximately two INSTRUMENTS SALE years old. Price: $850. (Entire unit.) 
Contact: D e  Frees Leasinrr Commnv. 
Tiburon. California. ~clenuhone: (4153 

3-Type 535, SN 5342; SN 10979; SN 
1326. Price: $960 (Each. )  l -Type 5-15, 
SN 5292. ~ s i c e :  $1,125: -&--fix 53/ 
54B, SN 6626; SN 7334; SN 5460; SN -- 
I I 13. Price: $75. (Each.)  l-T).pe I 1 I, 
SN 000262. I'ricc: $150. 1-Type T ,  
S N  001240. Price: $100. 1-Type 180A, 
SN 6269. Price: $110. All equipment 

1- -Type 535, SN 1402. 1--Type (2.4, SN 
002881. Both in very good condition. 
Price: $600. (Entire unit.) Contact: 
Mr.  Phillip Dooley, 308 McB~oom St , 
Barstow, California 9231 1. Telephone: 
(714) 587-0651. 

is in good working order. C;ntact: l . . - - ~ ~ ~ , ~  512, price: $125, ~ ~ ~ ~ t ~ ~ t :  M ~ .  
Teletek Enterprises, P. 0 .  Box 118, James Mr. Boynton, 10 Pennsylvania 
Carmichael, California 95608. Ave., Yonkers, New York 10707. 

l - T ~ ~ e  564, SN 006132. l - T ~ ~ e  3A72, l--Type 317, Good working condition, 
SN Oo5718. l - - T ~ ~ e  2B67, SN 015969. price: $600, Contact: Mr. Laurence 
Contact: L i n d b e r ~ ,  (-1, I(ccler, (;re]) x - r a y  Company, 1412 
Engineering, 2375 Estes Ave., Elk Grove 
Village, ~ ~ ~ i ~ ~ i ~  60007, Telephone: Grand Avc., Kansas City, Missouri 
(312) 437-5400. 64106. 

1-Type 533.4. Never used, l--Type CA, I--Type 513D. Price: $250. I---Type 
i\pproximately one year old. 514D. Price: $200. I-Type 110. Price: 
RM529. Never used, Contact: H. D. $395. 1-Type 53154K. Price: $95. 1-- 
Addin~ton.  WATL TV.  1810 Briarcliff T} pe 53/5 IE. I'ricc: $95. l-Type 53/ 
Rd., &lanta, Georgia 30329. Telephone: 
(404) 633-4111. 

1-Type 422, AC Model, SN 3551. Un- 
der three years old. Used less than 30 
hours. Can ship in original foam con- 
tainer. Price: $1000. Contact: R. Ed- 
ward Stemm, Inc., 17W480 Lake St., 
Addison, Illinois 60 10 1. Telephone: 
(312) 279-2440. 

54B. Price: $85. I-Type 531. Price: 
$495. 1--Type 535A. Price: $750. 1-- 
Type 541. Price: $695. Contact: Mr. 
Frank A. Aamodt, KFMB T V  Channel 
8, San Diego, California. Telephone: 
(714) 232-21 14. 

?-Type 561A167172. Price: $630. 
(Each.) 1-Type 503. Price: $395. Con- 
tact: Mr.  Carl Wasson, Micromatic 

1-Type 54511A2. Extra plug-ins Types IIone Corp., P. 0. Box 192, Bcrne, 
D ;  K; 81 adapter, 127 plug-in Indiana 4671 (219)  
sunnlv. Scone cart. calibration instru- 589-21 36. 
meit; 84 a i d  1 8 0 ~  time-mark genera- l - - ~ ~ ~ ~  531, SN 5429, l - ~ ~ ~ ~  5 3 / 5 4 ~ ,  
tor. Instruments \Acre used in calibration SN 2189, scope has trigger 
business and are in perfect condition. and supply Inodifications, 
Contact: Fred Bell. Telephone: (213) c ~ , , ~ ~ ~ ~ :  n / ~ ~ ,  ~~h~ u n r u h ,  lr , ,  1722 A n n  

4 / Y - 5  I 5 Y .  East Rose AVC.; O r a n ~ c .  Califorhia. 
Several Type 5 17A. Without power sup- 
plies. Several kinds of CRT's. Contact: 
Mr. Bruce Blevins, 176 Barranca Rd., 
Los Ala~nos, New Mexico 87544. Tele- 
phone: (505) 668-4458. 

1-Type 1L20, SN 1285. One year old. 
Only used once. Contact: Mr.  Stan 
McWhinney, Canadian Elcct~onics Ltcl , 
P. 0 .  Box 2330, Edmonton, Alberta. 
Canada. Telephone: (403) 429-4981, 

?-Type 513D, SN 1933 and SN 668. 
2-Type 514D, SN 2795 and SN 3025. 
Pricc: $250. (Each. )  Cratine extra. 
F.O.B. our pl&~t. contact:  Xrenberr: 
Ultrasonic Laboratory, 94 Green St., 
Jarnaica Plain, Massachusetts 02 130. 

1-Typc 514AD, SN 4188 Ivith stand. 
Good condition. Price: $349. Contact: 
Mr.. Wally Checsman, Glencourt Elec- 
tronics, 3508 Nob Hill Blvd., Yakima, 
Washinston 98902. Telephone: (509) 
452-0 166. 

1-Type 323. Good condition. Contact: 
Kalman Isaacs, 1805 Strahle St., Phila- 
delphia, Pennsylvania. Telephone: (2  15) 
742-31 79. 

Telephone: (714) 63y-i450. 

1--Tv~e 531.4. SN 20404. Price: $575 
I-T& B. SN 20936. Price: '$90. 
I-T;'~~ 54-3, SN 962. Price $675. 'I-- 
Type CA, SN 59106. Price: $150. I--- 
Tvne G. SN 6948. Price: $110. 1-Tv~c 
205-1. 'price: $85. Contact: Mr.  &n 
Wickland, Ferroxcul~e Corp., 5455 South 
Valentia Way, Englewood, Colorado. 
Telephone: (303) 771-2000. 

?--Type 122, SN 2970 and SN 04335. 
Price: $60. (Each.)  1-Type 160A, SN 
2663. Price: 390. 3--Tvne 161. SN 2077: 
SN 2449 and SN 2kj8. &ice: $60. 
(Each. )  I-TYIX 162, S K  2977. I'rice: 
$60. 3--Typc'163, SN 723; S S  1670 
and SN 1779. I'rice: $60. (Each.)  Ex- 
ccllcnt condition. Contact: Mobil-scope, 
Inc., 1 7731-!%. Sherman \Vay, Rcseda, 
California 91335. Telcphonc: (213) 
3-1.2-5 1 1 1 .  

1--Type 565, SN 2704. Like new. Pricc: 
$1,350. Contact: Mr. R. Wittich, Hy- 
drocraft Corp., 648 Main St., Westbury, 
New York 11590. Telephone: (516) 
333-2640. 

1---Type 547, SN 5800. 1 -Type 1.44, 
SN B061261. 1-Type 202-2 Scope~no- 
l i e  Contact: Mr. Rupenthal, Circle 
Leasing Corp., 126 W. Vermont St., 
Indianapolis, Indiana 46204. Telephone: 
(317) 634-3557. 

1- Type 3.41 Plug-In. Contact: Mr. Jinl 
Reidy, University of Michigan, Physics 
Dept., Randall Laboratories, Ann Arl~or, 
Michigan. Telephone: ( 3  13) 764-5240. 

1---Type 524AD, SN 1874. With probes 
and filter hood. Good condition. Price: 
$500. Contact: Mr.  E. R. Jones, 1250 
Ross St., Plymouth, hlichigan. Tele- 
phone: (313) 453-4649. 

1 -Type 5 3 5 4  SN 18406. 1--Type B, 
SN 017780 Plug-In. 1--Type P, SN 
001 387 Test Fixture. Contact: Harvey 
Smith, 981 North Vi r~ in i a ,  Covina. 
California 91722. Telephone: (213) 
332-2660 or (213) 286-5477. 

I-Type RM16, SN 1029. Price: $425. 
Contact: Leon Lacahanne, 12207 Ridge- 
mont Ave., W., Minnetonka, Minnesota 
55343. Telephone: (612) 544-1981. 

1-Type 422. 1--Type 3A6. '-Type 
564. 1-Type 3B3. 1-Type 201-2. 1- 
Type 3B4. 2-Type 3A74. Several mis- 
cellaneous probes. Contact: Mr.  Ron 
Maytin, K & M  Electronics Company, 109 
Hopkins Place, Baltimore, Maryland 
21201. Telephone: (301 ) 685-3140. 

1--Type 1L30, SN 000152. Contact: '41 
Lockwood, Ogden Technolosy. Tele- 
phone: (408) 739-5900. 

INSTRUMENTS WANTED 

1-Type "M" Unit. Preferably three to 
four years old with U H F  Connectors. 
Contact: Steve Allen, 328 Braniff Bldg., 
Dallas, Texas 75235. Telephone: (214) 
357-9461. 

Oscilloscope for personal use by Electri- 
cal Engineering Student. Prefer Plug- 
In versatility. Contact: C.  S. Levine, 
1002 Campbell Ave., West Haven, 
Connecticut 06516. Telephone: (203) 
934-6287. 

1--Type 109 Pulse Generator. Also 
ivanted, a Type 11 3 delay line. Write 
giving details and price. Contact: Bruce 
Weitermann, 4549 North 38th St., Mil- 
\vaukee, Wisconsin 53201. 

1--Type 545 or 545A or equivalent. 
Prefer Type CA Plug-In. Contact: Dr.  
F. M.  Vallese, 340 Riclge\vood Ave., 
Glenridge, New Jersey 07028. 

1---Type 1Al.  Contact: Harvey Smith, 
981 North Virrrinia. Covina. California 

I-Type 1S2. Contact: A1 L o c k ~ o o d ,  
Ogden Technology, Tclepl~one:  (408) 
739-5900. 

Printed in U.S.A. 7/69 SKD A-241 1 
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SCALE FACTOR READOUT 
Control settings, probe attenuation values, and magnifier set- 
tings are all taken into consideration and electronically read 
out in the CRT viewing area. A > symbol is provided for 
uncalibrated settings and a .& symbol denotes vertical chan- 
nel polarity inversion. 

TWO NEW MAINFRAMES 
90-MHz or 150-MHz performance capability with readout is 
provided. Both the 7504 and 7704 accept four plug-ins and 
employ mainframe switching for vertical and horizontal versa- 
tility. 

13 NEW PLUG-INS 
The initial 13 plug-in units provide dual trace (4 trace with 2 
units), differential, differential comparator, low C FET probe 
and amplifier, AC current probe amplifier, and wide-band 
conventional amplifier performance. Versatile time-base plug- 
in units provide a new ease in triggering and sweeps up to 
2 ns lcm are available. Sampling units that accept sampling 
heads provide additional versatility and the sampling time- 
base available provides a 10 psldiv sweep. 

NEW CAMERA SYSTEM 
The C-50, with its electronic shutter, eliminates much of the 
film waste normally associated with oscilloscope photography. 
Range finder focusing is combined with a trace-brightness 
photometer to simplify and improve oscilloscope photo- 
graphy. 

NEW LARGE SCREEN OSCILLOSCOPE 
More than 50% greater viewing area (over an 8 x 10 cm 
display) is available in the Type R5030. This advanced design 
10 pV, 1 MHz dual-trace oscilloscope also provides a fiber 
optic display of scale factor readout. 

ADVANCED COMPONENT TECHNOLOGY 
This new generation of Tektronix oscilloscopes makes ex- 
tensive use of Tektronix developed and manufactured com- 
ponents to provide the user with the most reliable compon- 
ents currently available. Low torque cam switches, miniature 
illuminated push buttons, relays, custom integrated circuits, 
ceramic cathode ray tubes, and a number of other unique 
components contribute to superior instrument performance. 
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The NEW GENERATION is a term used by those 
who have participated in the development of a new 
concept in oscilloscope design. T o  the men and 
women of Tel,tronix, 1vho h a ~ e  labored with their 
many \.aried skill5 to convert these thoughts into 
reality, it will always be the NEW GEN. 

The  NEW GEN has taken the best efforts of a 
large segment of the Tektronix development popu- 
lation. The  beginnings were over five years ago 
when a small task force first began studies of a 
product line designed for the future with optimum 
versatilit);. Over 20 years of oscilloscope experience 
and accumulated skills ha1.e interacted with these 
stndies to result in the new 7000-Series and 5000- 
Series Oscilloscopes. New components have been 
built as well as new facilities to prod~lce them. Over 
two years of intensi1.e engineering development pre- 
cedes thc introduction of these instruiucnts. T h e  
results are the finest oscilloscopes available based 
on today's most acl~~ancecl technology. 

This issue of TEKSCOPE can only tell the begin- 
ning of the New Generation cvol~~tion.  T h e  future, 
we belie\ e, Jvill be even more exciting. 



The 7504 and 7704 with their array of 13 plug-ins are 
the vanguard of a new oscilloscope line designed with 
an unprecedented degree of flexibility in anticipation 
of future requirements. Each instrument accepts up to 
four plug-ins and can display its output in a wide variety 
of ways. Blank plug-in panels are available to cover 
the unused panels if four plug-ins are not required 
initially. 

The new plug-in oscilloscopes are designed to be the 
most expandable line of oscilloscopes ever developed. 
Thought has been given to probable technical develop- 
ments in both components and instruments, and every 
effort has been taken to ensure the future compatibility 
of these designs. 

The 13 plug-ins provide an overall measurement capa- 
bility exceeding that of any other plug-in oscilloscope. 
5-mV performance at 150 MHz with a full 8-cm scan, 
5-mV four-trace performance at  105 MHz, are just two 
of the features currently available only in the 7000 Series. 

The two plug-in oscilloscopes are identical in front panel 
appearance. The major differences are in the vertical 
amplifier, the low voltage power supply, and the cathode 
ray tubes. The 7504 with appropriate plug-ins provides 
up to 90 MHz bandwidth performance, while the 7704 
has 150 MHz capability. 

Possibly the most dramatic feature of the new instru- 
ments is the readout capability. Auto scale-factor readout 
is a standard feature of both oscilloscopes and auto- 
matically provides a display of vertical and horizontal 
sensitivity. By providing the correct scale factors on the 
face of the CRT, the operator is relieved from simple 
but bothersome mental calculations. Plug-in knob set- 
tings are read out on the CRT screen by means of a 
unique character generator which time-shares the CRT 
beam with the normal oscilloscope display. 

Magnifier settings and probc attenuation are autornat- 
ically taken into consideration. Therefore, the operator 
always reads the value at  the probe tip at the correct 
sweep speed. Should plug-in polarity be inverted, an 
indication ( J, ) is given. If any knob becomes uncali- 
brated, a greater than symbol ( >) will precede the 
quantity. A photograph will include both the analog 
display and alphanumeric data, eliminating the possi- 
bility of incorrect labeling. 

A new trigger circuit is featured in the new oscilloscopes 
that greatly simplifies trigger operation. The peak-to- 
peak auto trigger circuit detects the peak-to-peak excur- 
sions of the displayed waveform, stores the value in the 
peak-to-peak memories, and matches the range of the 
level control to the range of the displayed signal. With 
the trigger in the peak-to-peak auto position, the opera- 
tor can go through the maximum excursions on either 
slope and never reach an untriggerable position on the 
control knob. 

Switching in the 7000 Series is accomplished in the 
mainframe of the oscilloscope. Five vertical mode push 
buttons and four horizontal mode push buttons deter- 
mine which plug-in outputs will be displayed. Twenty 
possible combinations of vertical and horizontal opera- 
ting modes are provided for maximum versatility. This 
design choice allows comparison between any two verti- 
cal channels to enable comparison of signals with sig- 
nificantly different characteristics. For example, sam- 
pling (50 Q) and conventional ( 1 MO) ; wide bandwidth 
and high sensitivity; differential comparator and current 
probe; dual trace and dual trace for four-trace opera- 
tion are all easily accommodated in the appropriate 
plug-ins. In  addition, as higher performance or special 
performance plug-ins are developed, they may be used 
with a more conventional unit. 

The center two compartments are designed so they may 
be devoted to sampling capability, spectrum analysis, or 



X-Y display. 'I'his allows a signal to be observed in a 
conventional manner while siliiriltaneously monitoring a 
sa~rlpling display, frcclucncy tlisplay, or X-Y display of 
tlic identical plicnolncnon. 

Switclling is also providcd between tlic two horizontal 
 lug-ins to l)ro\.id(: swc:c'l)-switclii~lg capability. In  ad&- 
tion to AL'I', a (:MOP ~ilotlc is proviclcd which is con- 
vcnicint when olxcr\:ing two clisplays of greatly tliffcrcnt 
repti t ion rates. 'I'his ~ n o d c  also proviclcs tlrial-11ean1 
capal~ility up to ;q)prosii~~;~t"ly 2O-,r.s/tliv s\vcc1) sl)cd.  

Placing tllc plug-in interface before tlic oscilloscope 
iuiiplificr providcs a nutnbcr of important advantages. 
For 111asilnr11~1 \.crsatility, \vc Iiavc: chosen a plug-in out- 
put of 25inV/tliv a t  0 volts in a 50-!] cn\.ironn~ent. 
This convcnicnt intcrfacc will allow 11s to take tlic maxi- 
niiinl I1cnc4it of new d e \ ~ l o p ~ i ~ c n t s  in components and 
in signal conclitioning. In  addition, as futurc oscillo- 
scol~cscvoolc, changes in display sensitivities arc casily 
acconl~rlotlatctl with the I~uffcring \wtical alriplificr. 

Altliorig11 tllis tlcsign clloicc incrcascs the initial price 
of the oscilloscopc:, it dccrcascs thc pricc: of cach plug-in. 
With the vertical amplilicr in the oscilloscol)~, it is not 
necessary to I)uiltl an ou tp i t  a~nplifier for each plug-in 
and this saving may be passed along to the custoiiicr. 

'I'hc 150-MI-Iz 7704 utilizes a "high efficiency" power 
supply which eliminates the I~ulky iron-core transformer 
and heat sink and eliminates any neccssity for a fan. 
'l'his new supply dissipates approsi~natcly 60 watts corn- 

7-SERIES PLUG-IN PERFORMANCE 

Ampl~f~er  - 
7 ~ 1 3  100 MHz 75 MHz 1 mV/dtv D~fferentml DC Off- ' 

set H~ah-Frea C M R R ~  

TIME FUNCTION MAX TRIGGERING 
BASE , 1 SWEEP RATE FREQ. RANGE 
7850 Delayed S w e e p &  Ext 

5 ns /d~v  DC - 100 MHz 

DC - 200 MHz 

DC - 12.4 GHz 

7000 Series and Type 535A. Four plug-in capability and 
auto scale-factor readout are distinguishing characteristics 
of the new instrument line. 

p a r d  to 14.0 watts that a con\~entional supply would 
dissipate. Use of this ncw s\~pply r c ~ n o \ ~ s  approsiinatcly 
12 pounds fro111 the \wight of tllc instrument, 1)roviding 
a 200-W p o w c ~  s ~ p p l y  in a 10-112 package. 

'I'hc instrtitricmts l t lal i~ cstcnsivc tlsc of color coding to 
siniplify front 1)ancl logic lor tlic operator, and improve 
riscr intcrfacc. In aclclition, proper front panel coinpon- 
cmt sclcction has assisted in attaining this goal. 

'I'lic new 1<5030 is a dual-bean1 differential oscilloscope 
providing 1 -MI-Iz, 1 0-1r.V 1x;rformancc in a 6%-inch 
ClV1'. 'I'hc instrumcnt inakcs use of a fiber-optic readout 
clisplay adjacent to the (X'l' area. A separate current 
~notle is pro\-idcd to acccpt a currcnt prol~c (1-mA 
sensiti\.ity) with no csternal tcrnlination being required. 

'I'he instrument is designed for simple operation ancl 
uses color coding cstcnsi\:cly. 1)cprcssing a pus11 button 
clianges the display from a d ~ i a l  I)cain Y-'l' to a single 
I)ealn X-Y display for additional versatility. 

Unique to this instrument is a LOCATE function associ- 
ated wit11 the time-base nlagnifier. When clcprcsscd, the 
time base is returnecl to an X1 magnification position 
ancl the area which will be inagnifiecl is intensified. T h e  
magnifier, which is direct reading on the auto scale- 
factor rcaclout offers fi1.c positions of magnification on 
the time-base switch. T h e  locate feature allows the 
operator to easily pick out wl~cre  on the trace he has 
chosen his ~nagnificcl sweep. 

For further information on all of these new Telitronis 
instriiinents, consult your local field engineer. Complete 
information is given in the August 1969 New Products 
Catalog Supplement. 



tional time taken out of the display is proportional to the 
number of symbols displayed (0.15'c per symbol) and 
has little effect on the intensity of the normal display. 

T h e  system uses 14 Tektronis bipolar integrated cir- 
cuits ( the equivalent of some 6000 active devices) and 
is contained on a 4% x 5-inch circuit board. T h e  
heart of the system is the novel character-generator 
proper. Uti l i~ing t'ivo new circuit principles, ten symbols 
are packaged in each 65-mil square die, fabricated by 
the standard planar process. A total of five dice pro- 
\.ide a basic 50-character font, but changes in the style 
of the charactcr (italicimtion, aspect ratio, size, etc.) 
are readily macle externally. T o  generate a new set of 
symbols, it is only necessary to change one rnask in the 
process-the pre-ohmic mask. Since this step is near the 
end of the process, wafers can be proccssecl in common 
up to this point. 

Each circuit is a complete system, requiring only a polver 
supply and a scanniqg 1-oltage to p r o d ~ ~ c c  characters on 
the C R T .  T h e  characters are selectecl directly by apply- 
ing a current to one of ten selection pins. T h e  outpr~ts 
appear from Yree" collectors ancl thus any number of 
packages may he connected in parallel. T h e  outputs 
corrcsponcl to the scanned S- ancl Y-\~ilues of the com- 

Since an oscil~oscope c]isplay is basically a plete sylubol, and reclui~c 110 further proccssi~lg. Addrcs- 

graph, it is logical that the axes be labeled sing is ~xrfornied  1,). currents on colun~n-select lines and 

\,,ith the scales usec]) to simplify interpreta- row-select lines. The  co l~~m~-sc" Ic t  current is in the 

tion of both displays and photographic records. range 0 to 1 inA, and the character size is directly pro- 

The  calibration of this system is accomplis11ccl ~ o r t i o n a l  to i t ;  thus, it is simple matter to generate a 
displa). ha\.ing mised syml)ol sizcs. 

with a coding system that extends to the probe 
tip and is carricd through the plug-in interface. Each s)rnl,ol is composed of m e n  st~ol,cs. l m  unlike 
Thus, the oscilloscope takes 011 the character- ple\alent men-st lokc genclatols, the bleak-points of 
istic of a true quantitative instrument. the stlol\es ma) Isc placed at an! one of s e l e ~ a l  huncl~ed 

locations In aclclit~on. the stlokes ma) ha\ c il tually 

T h e  7000 Series introcluces a dramatic new systen~ of 
readout incspensi\.e enough for oscilloscope use. As 
oscilloscope displays may present several traces a t  dif- 
ferent sensitivities and sweep speeds, a versatile system 
is required. A fully integrated electronic character 
generating system has been dc\.elopcd which timeshares 
tlic cathode ray tube with all regular functions. The  
result is a system which collates within the C R T  arca 
all the inlportanl parameters of the measurement. 

any length and angle: permitting high-quality symbols 
to Isc generated 11y a small number of co-ordinate pairs. 
Each of the eiglit brcali-points consists of an S-co- 
ordinate ancl a Y-co-ordinate (no  Z-axis information is 
rcc~uirecl to generate the symbol), and these arc definccl 
hy the number of emitters connected tlirough the pre- 
ollmic holes in the osicle. A total of 1440 emitters arc 
used in the co-ortlinatc section of thc circrlit. 'I'his use 
of ~nultiplc emitter-aleas as precise current-splitting 
clcnlcnts is the fir5t of the fca tu~cs  that enabled Tek- 

T h e  symbols arc 3-mm high and 2-mm \vide ~ c i t h  tronis to achic\-e the high packagiyg density. 

spacing 0.3 111111 lxtwcen words. Eight ~vorcls arc pos- 
sible, four in the upper CII'T area and four in the lower l 'he  second feature is fo~~nc l  in the mcthocl ch-isccl for 

scanning synlbols. X simple scquential pulsing of the eiaht C R T  arca. 'The intensity of the readout display is adjust- 
co-ordinates \\.oulcl prodr~ce only an  eight-dot display. able by a front panel control and may be switched off 

if desired. A s~nooth  scanning from one point to the nest is re- 
quired to trace out the character fully. This is acliie\-ed 

T h e  character is written in 9.8 1 . t ~  The  display rate is by using a resistiw ladclcr network connected to the 
71.5 Hz, independent of the amount of data. The  i'rac- bases of the co-ordinate-for111i11g transistors. 



Multiple exposure. This photograph 
illustrates a typical auto scale-factor 
readout at top and bottom. Note the 
uncalibrated scale of Channel 1 and 
the polarity inversion of Channel 2. 
The 50-character font provided is 
also shown enlarged for clarity, in the 
center of the photo. 

A triangular input waveform srnootl~ly sequences through 
the co-ordinate pairs, ancl by proper network biasing 
procluces an X- ancl Y-currcn~ waveform corresponding 
to the symbol. Scanning rates can be anywlicre from 
I3C to a megal~crtz. 

Much of the flexibility of the system stems from the 
data coding techniques used. Instead of using the usual 
binary codes, a time-m~~ltiplcscd multi-level analog cur- 
rent code lvas acloptecl, in which the data is cliviclccl 1111 

into eleven 100-p,.A l c \ ~ l s  at  3-50-1.t~ inter\&. Since the 
symbols arc storecl in a matrix of ten rows (somc corres- 
pond to the storccl instructions, ancl some arc spares) by 
ten colun~ns, t ~ c o  lines arc nccclecl to convey the data O L I ~  

of the plug-in. Data is cncoclcd in the plug-in by switch- 
closures and resistors. I3ecoding is accomplisllecl on the 
reaclout I~oarcl by integrated A-ll  convertors (one IC 
for row and one for column clata) which then address 
the matrix. 

Apart from thc increasecl data-handling capacity (some 
1 0 1 ~  combinations are possible for the readout system), 

a more subtle ad\.antage results from the use of an  
analog current code: clata can be modified systcrnatically 

by the addition or subtraction of levels. For example, 
one of thc instr~~ctions controls the number of zeros that 
follow the first digit of a scaling factor. 

Each higher level adds a zero, until two zeros are dis- 
played. The  next level causes zeros to be dropped and 
the prefix (n, p, in, ctc.) to be shifted a factor of 1,000. 
Consecluently, responding to the addition of attenuator 
probes is a simple matter. 

Each word may lia\.c 1113 to 10 symbols, although typically 
there arc Isctwecn 2-5 sy~nbols per word. T h e  symbols are 
normally written without redundant spaces, but spaces 
may be called for in the code, if desired. In  adclition 
to the scale factor, provision is made for indicating 
inverted polarity ( 4 ) and not calibratecl (> symbol) 
preceding labeling. 

h special "identify" feature is included to determine 
which scale factor goes with wliich trace. Depressing 
the IIIENTIFY button replaces the appropriate scale 
factor with 1I)ENI'IFY and cleflccts the identified trace 
up a few millimeters. This feature is available on all the 
new plug-ins and is also present on the new probes intro- 
ducctl. 



The  new generation of instruments wo~ild not have been 
possible without the extensive component development 
program ernbarked upon by Tektronis component en- 
gineers. Early in the program it was recognixcl that 
commercially available components w o d d  be much 
too restrictive; so simultaneous developn~ent programs 
were initiated in integrated circuits, rotary ancl push- 
button switches, relays, ancl thick film attenuators. At 
the same time, efforts were launched in developing 
the "mother-board" etched circuit board concept along 
with the required interface connectors. 

The results of these efforts ale the priine factors in 
the ability to introduce the 115030 and the 7000-Series. 
For esample, auto scale-factor ~caclo~i t  would not 11a~e 
been possible without custom integrated circuit dc- 
sign, since the p i c e  ancl s i x  would ha le  been pro- 
hibit i~ c. Much of the \ eisatilc s\jitching that char- 
acterixs the 7000-Series is also accomplished with 
custom IC's. 

Tektronix Integrated Cilcuits are widely used in new 
generation oscilloscope circuit1 y. Sel entcen different 
integrated circuits are included in the new instrument 
designs ancl allow pcrfo~mance that would otherwise 
be unattainable. The  ability to custom-design IC's 
pcrnlits instrument features that w o d d  otherwise be 

prohibitively expensive. T h e  ability to use the best 
logic for a given job, instead of relying on logic de- 
signed for other applications, results in a more versa- 
tile, logical instrument at  a more economical price. 

Tektronix switch engineers developed the s~nall  reli- 
able rotary cam switch to replace bulky multiganged 
rotary switches. Two basic sizes have been deldoped. 
One incorporates a 0.83-inch d r ~ u n  diameter and is 
a\~ailable in up to 28 positions. The  other is 0.454 inch 
in diameter and is available in up to 12 positions. I n  
the case of the 115030, two 12-position cams and a 28- 
position cam are linked together with a clutch to pro- 
vide a direct reading magnifier and direct reading ex- 
ternal horizontal amplifier on the same knob as the 
T I M E / D I V  control. This novel configuration simplifies 
the front panel logic and conserves front panel space. 

Rotary cam switches provide the following acl\.antages 

1. Lower and more controllable torque. A cam 
switch may be t~~rnec l  without a knob. Thus a 
sn~aller diameter knob nlay be used allowing 
more efficient use of front panel space. 

2. Higher reliability and longer contact life. 

3. More accurate control of tolerances since cam man- 
ufacturing uses nun~erically controlled equipment. 

4. Wiring to the switch is more direct. "On board" 
wiring may be used since no separate wiring harness 
is required. 

New miniature p~ish  buttons indicate the status of vari- 
ous functions ancl replace many of the larger switches 
used in previous designs. The  basic family of push- 
button switches is proviclecl in rows of 2 through 10 
positions. Most configurations require only one lamp 
to light any button in a row. 

Depressing a push button causes the rear beveled edge 
of the button to obtain light f ~ o m  the lainp a t  the end 
of the rows. The  light is then transmitted to the front 
of the transparent button. The  push-button s~ itches 
ale mounted on an  etched circuit card that contains 
the appropliatc circuit~y T h e  lainps used ale rated 
a t  50,000 hours a t  full powel with e\en longc~ life 
at  partial power. 

I hesc s~uall switches require less inward tra\.el than 
other commercially a\.ailable s\vitches. Since the holes 
in the casting are quitc small, the switch design also 
creates less of an EM1 problem than the older larger 
switches. 

The new Tektronis instruments make extensive use of 
relays and relay switching. As there were no inexpen- 
sive miniature relays on the market, Tektronis engi- 
neers developed a 200-mW double-pole, double-thro\v 



from upper left: thick-film drum attenuator, character-generator IC with 1440 emitters, 
miniature lighted push-button switch, miniature relays, and rotary cam switch. 

sensiti1.e relay. Fro111 this basic design, there are cur- 
rently 16 \.ariations including a single-pole: single-thro~v 
version, a magnetic latch .iwsion, and a bifilar \vounci 
center tap latch version. 

'Tektronis relays arc generally designed to plug into 
a socket that is f lo~v soldered to the etclied circuit 
board, assuring quick and easy servicing. These low- 
capacitance miniature sensitive relays 11a1.c less leakage 
than semiconductor s\vitclles and are much more tol- 
erant of transient 1.oltage considerations. 

'4 new potcntiometcr clesi~n contributes to operator 
con\.cnience and sa\-es front panel space. The  design 
uses a 3 : 1 ~.eduction c1ri1.e to i m p r o \ ~  the resolution 
of the triggering control. Ry coml~ining this potcnti- 
ometcr with a relay, the slope is automatically changed 
as the Ic\.el control passes 0"  and 180". 1 ' 1 ~  d e \ ~ l o p -  
lnent of this feature pro\.ides a neiv ease in oscilloscopc 
triggering and contributes to the human engineering 
of the nc\v instruments. 

.4 "push-push" slvitch design \+.as d e d o p e d  to s\vitch 
variable controls in and out of the circuit. The  small 
s\vitch, \vl~ich conveniently solders to a circuit board: 
is used \vllcre\.er a 1-ariable function might uncalibrate 
an oscilloscope. 

Thick film technology permitted the drum attenuator 
design for the 7A16 Amplifier and allows thir unit to 
pro\ide 5 m V  sensitkity with 150 MHz bandwidth in 
the 7704. 

'The drum attenuator design consists of a ceramic chip 
for each attenuator position. T h e  chip consists of two 
resistors whose value is determined by the amount of 
thallium oxide and glass fired onto the chip. Although 
stray capacitance is still a factor, it is constant and con- 
trollable, and once co~npensatecl it remains the same. 
'Thc attenuator design incorporates subminiature but- 
terfly trimmers forined of sinall round ceramic discs 
\vith a clepo~ited sill-er film to allow coinpensation and 
standardization. 

Each attenuator position has its own attenuator without 
s\vitching in stacked resistors. As a result, inductance, 
feecltl~rougli, and crosstalk arc l~e ld  to a minimum. I n  
addition, the process lends itself well to tight tolcr- 
anccs since the resistors may be easily trilnined to 0.1%. 
T h e  result makes possible a very clean, fast plug-in 
amplifier ~vit11 a I MQ and 15 p F  input impedance. 

Thick-film tecliniqucs are also used for the high re- 
sistance di\ iders in the lligll \ o l t a ~ e  supplies of the 7504, 
7701, and R5030. 



T h e  new generation design concept of Tektronix in- 
struments has provided the ability for the front panel 
to keep pace with circuit miniaturization developments. 
Portable oscilloscopes such as the Type 453 were de- 
signed in appreciably sinaller packages by using solicl- 
state techniques. Front panel controls, however, made 
no significant size reduction since essentially the same 
components were being used. Once h e  choice of plug- 
in size for the 7000-Series was determined (234" W s 
5" H s 14%" L ) ,  it became evident that connnercially 
available rotary switches would no longer do the job. 
The same problem was present with lever switches ancl 
the PLIS~I buttons available. 

As a result of a joint effort between component del elop- 
merit engineers, circuit engineels, mechanical en?ineers, 
and indrlstrial design cnginccls, suitable Tektronis 
component4 were de\eloped. Once these new compo- 
nents were available, it was then possible to design an 
instrument front panel considerably different than be- 
fore. T h e  result is the radically new ancl logical front 
panel layouts of the 7000-Series ancl the 115030. 

The miniature lighted push buttons were designed to 
eliminate function selector switches and rotary switches 
wherever possible. Rows of miniature lighted push but- 

tons quickly indicate the status of all controls where 
a choice must be macle. 

'I'he push-button spacing has been given considerable 
attention. Since the finger is oval, not round, ver- 
tical ancl horizontal requirements are different. The 
cur\.ature of the finger and how far you ha te  to push 
determines the minimum spacing of the buttons. This 
spacing has been closely calculated and as a result, 
there is more finger space than is present in corn- 
inercially available push buttons used in the Type 184. 
These self-cancelling push buttons are one of the great- 
est contributors to the simplified front panel logic of 
these ne\v instruments. 

A logical and consistent use of front-panel color coding 
identifies specific functions and simplifies front-panel 
logic. T h e  folloiving colors have been assigned to 
assist the user in oscilloscope operation: 



The NEW GENERATION of Tektronix instruments and accessories. 

Black (and gray) is neutral and is usccl for all gcn- 
era1 nomenclature and controls. It is also used for 
grouping similar kinds of things (e.g. signal outputs on 
the mainframe of the 7000-Series). Varying shades of 
gray are used to denote various logical sub-groups. 

\Vhite inclicates status and normal operating conditions 
( c . ~  psh-button lights and whethcr A or B intensity 
control affects the display) . 

Blue is assigned to the display mode function. For 
exa~nple, the clisplay mode of the plug-ins ancl the inain- 
frame switching is coded in blue. The user knows that 
he must make a decision in each area where he sees 
blue. 

Green is assigned to triggering functions. A subtle 
difference is that in the sampling inrtruments a green 
outline is used instead of the normal solid color block. 

? 7 Ihis inclicates the triggering does not go through the 
mainframe, and thus the operator need not bother 
with mainframe controls. 

Yellow is used for notes of caution or unusual operat- 
ing functions. As an esample, yellow is used to indi- 
cate the restricted sensitivity ( 1  - 50 mV) available 
in the electroinetric mode (R  E a) of the 7A13 
Differential Cornparator Amplifier. 

Orange is used for esclusive functions on a given in- 
strument (e.g. current inputs on the R5030). 

Red is exclusiwly assigned to controls that will un- 
calibrate the instrument and indicates that an inaccu- 
late measurement is possible. Thus, when a variable 
control is in use, the red color band of the knob (a5 
well as the readout on the display) warns the user 
that the instrument is in an uncalib~atecl position. 
Ilcprcssing the hnob removes the red from the front 
panel, iecesses the knob flush with the outer control, 
ancl returns the instrument to a calibrated display. 
If an uncalibratecl clisplay is desired, a slight push on 
the knob releases the led ~ar iable  knob and the user 
regains variable control of the function. 

This new component sinlplifies front panel logic and 
guards against unintentional non-calibrated displays. 
Its use allows seldom usccl controls to essentially dis- 
appear when not in use. 

Color-coding has been extended to include concentric 
knob color and lettering style. If concentric knobs 
are used for similar functions (e.g., offset-fine, coarse), 
the knobs are identical in color. If concentric knobs 
are used for dissimilar functions (e.g., focus ancl in- 
tensity), the knobs arc dissimilar in color. 

The same logic is used for labeling. Outline lettering is 
used to relate to the light gray inner knobs ancl normal 
black lettering is used to relate to the dark gray outer 
knob. In  the case of similar functions, the inner control 
is in snlaller lettering than the outer knob nomenclature. 

We, at  Tektronis, feel that a major breakthrough has 
been achieved in simplifying front panel understanding. 
Although this first Tektronix offering of our new prod- 
ucts provides more flexibility than ever before, we think 
the improvement in human engineering will make them 
even simpler to operate. One thing is certain. A great 
deal of thought, discussion, and effort has gone into 
the final design choices. If acceptance is as we expect, 
future designs will all be compatible in their logic. As 
new designs evolve, less and less effort will be necessary 
for the user to easily understand and use the capabilities 
of his Tektronix instruments. 



CONSTR TI 

All three new instruments make use of front and rear 
panel castings connected by aluminum extrusions. The  
oscilloscope plug-in conlpartment is designed with no 
dividers for maximum future flexibility. The  modular 
power supplies are located behind the plug-in compart- 
ment on cables for easy access. The  R5030 power supply 
is located at the right rear of the instrument and is ac- 
cessible via a swingout heat sink. 

Plug-in construction consists of a front casting, a1unlinui-n 
extrusions top and bottom, a plastic rear panel, and a 
circuit board. The  central "motherboard" contains the 
circuitry and forms the connector of the plug-in. This 
connector then plugs into the female connector a t  the 
rear of the plug-in compartments and provides the inter- 
face to the oscilloscope amplifiers. The  circuit board 
connectois ha\ e been specifically clesignecl for low inser- 
tion and withdrawal forces to provide a reliable con- 
nection with long life characteristics. 

Extensive use is made of new 0.025 square gold-plated 
pins. Female clips on the end of wires clip directly to 
the gold pins. Where possible, plastic clips containing 
multiple connectors group wires together for easier 
servicing. The  use of long pins permits stacking of 
boards when component density is high. This technique 
provides good accessibility ancl ease of maintenance ancl 
contributes to a neat overall instrument appearance. 
The format also provides for easier automatic pretesting 
and faster instrument assembly. 

Gold-plated glass epoxy ciicuit boards are used to ensure 
maximum reliability. Features such as plated-tl~ough 
holes, built-in test points, and transistor and I C  sockets 
all combine to enhance maintainability. 

Eletromagnetic Interference requirements have been 
taken into consideration and are a standard feature in 
the plug-ins. The  7000-Series oscilloscopes are designed 
to be convertible to meet EM1 specification Isy a special 
set of side panels. This feature guarcls against obsoles- 
cence in the event of stricter EM1 regulations. 

Top to bottom: construction of a typical stacked plug-in unit; 
basic structure of casting, extrusions, and chassis; 7704 
with modular high-efficiency power supply extended for 
servicing; the three new CRT's developed for the New Gener- 
ation instruments. 



CATH E 

TUBES 

The heart of any oscilloscope is the cathode ray tube. 
The ceramic post-deflection accelerator CRT's devel- 
oped for the Tektronis 7000-Series Oscilloscopes offer 
significant impro\~ements o \ w  CI1T's currently a\.ail- 
able. T h e  8 s 10 c111 \,ie\ving area provides a large 
bright display xvith high writing speed. Both the 7504 
ancl 7 704 can easily rccord an 8-cm single-shot photo of 
their risetime, using standard Tektronis P31 phosphor, 
without employing film fogging techniques. 

The  new Tektronis CIIT's use a frame-grid construc- 
tion. Frarne-grid CIIT's employ scan expansion and 
pro\.icle a \.cry good compromise of deflection scnsiti\.ity 
ancl ~vriting speed. Because frame-grid conductors run 
only in the \ ~ r t i c a l  direction, electron-beam transmis- 
sion is nearly 5O$ greater than most mesh construction 
tubes. The  result is a high writing-speed tube with \ w y  
good linearity and sensiti\ity (e.g., the 7704 CliT \.erti- 
cal sensiti~.ity is L ~ I  3.3 \ . / c I ~ )  O\W a full 8 s 10 di\.ision 
scan. 

Good horizontal sensitivity is achieved by placing the 
frame grid as far forn.arc1 as possible into the post ac- 
celerator field. This causes the field lines to curve 
around the front of it sufficiently that the effect on the 
electron beam is similar to a c ~ ~ r \ . e d  horizontal plane. 
Thus many of the ad\.antages of a mesh are obtained 
rvith few disadvantages. 

Tektronis C11T's are designed to provide single-shot 
writing speeds sufficient to record a transient at the 
risetime limit of the instrument. Writing speed is speci- 
fied with no film fogging using P31 phosphor, the opti- 
mum phosphor for general purpose viewing and long-life 
characteristics. 

The  7504 C R T  is operated a t  1% kV and provides a 
specified minimum writing speed of 2500 cinlps (with 
C-51 camera) using Tektronis standard P31 phosphor 
with no fihn fogging. 

The  7704 C R T  is operated a t  24 kV and provides a 
specified minimum writing speed of 3300 cm/ps (with 
'2-5 1 camera) using Tektronis stanclard P31 phosphor 
with no fihn fogging. This photographic writing speed is 
inore than twice that of the Type 454 with P31 phos- 
phor (identical camera systems). 

The  7704 incorporates a special face plate design to 
ensure that X-ray radiation is attenuated well below 
the T V  standard recommended by the National Council 
on Radiation Protection and Measurement (100% duty 
cycle raster with f ~ d  intensity). I n  addition, circuitry 
has been included to limit the masiinum possible high 
voltage to keep the specification well within this figure. 

The 115030 CKT is a dual beam 6%-inch ceramic mono- 
accelerator CRT.  This unique tube provides a full 
8 s 10 di\ (dix = 1.27 cm) coverage for both electron 
guns with deflection clefocusing better than 1.5 to 1 on 
any a s k  The  laige divisions provide 50% greater view- 
in? alea than con\entional 8 x 10 cm designs. The tube 
pro\ides a bright hi+-resolution display which mini- 
mixs  operator f a t ig~~e .  

A n o l d  dynamic geometry circuit maintains excellent 
geometry in this tube over the wick estended deflection 
angles. An additional deflection element is placed 
betwcen the t ~ v o  sets of vertical deflection plates and 
corrects the beam at the deflection extremes (i.e. upper 
edge of lower gun display and lower edge of upper gun 
display). The  correction \.oltage ininirnizes geometry 
problems pro\,iding an excellent overall geometry. 

The  new Tektronis tubes employ a new female type 
neck connector for the deflection elements that is es- 
sentially  flus!^ with thc glass. As a result, tubes may be 
remo\~ecl without worrying about the pins catching and 
bending, or brealiing off. A new male connector on the 
clcflection leads simplifies C11T replacement. 

The  ceramic construction provides greater strength, 
lighter weight, and i~uproved internal graticule edge 
li$ting. This construction technique also allows tighter 
tolerances and decreases development time, due to our 
xvell-developed ceramics technology. 



to fit into the nosc of tllc prol~c to switch tlic two 20X 
high sl)wd, h ig l~  i ~ i ~ l d a n c c .  attcnuators. 

. , 
probes have bccn designed to automatically provide tlic 'I'hc 7Al  1 FE'I'/Prolx: Anil)lifi(>r pro\~idcs 150 MHz 
correct scale factors and ensure that the auto scalc-factor bantlwicltll (2.4 ns riscti~ne) in thc 7704 and SO MHz 
readout reprcscnts thc scnsiti\.ity a t  thc probe tip. I~anclwidth (3.9 ns risetime) in the 7504.. 'I'hc capaci- 

The 7 A l l  ProbelAmplifier and the P6052 and P6053 probes offer new versatility in probe usage. Each probe is coded to en- 
sure the correct readout, regardless of attenuation used, and contains a push-button trace-identify feature. 



tancc is a fu1i~tio11 of t l i ~  attcnrlators and is 5.8 p F  from 
5 I I ~ V  to 50 niV/di\.;  3.4 ]IF fro111 0.1 V to 1 V/di\r; and 
2.0 p F  from 2 V to 20 V/tli\.. \s\'llcn the front-panel 
I%NC connector is uscd, approsilnately 1 p F  is acltlctl to 
tile inptlt capacitance. 

All 7-scrics amplifier plug-ins are equippccl wit11 special 
signal input connc,ctors. 'I'licsc consist of a RNC conncc- 
tor \vith a concentric o~l tcr  riqg that is co~mcctccl to tlic 
readout circuitry. 'The amount of resistancc between the 
outer ring and groilud cletcrnlincs the attenuation factor 
to be used by thc auto scale-factor readout. For exa~nplc, 
a 10); probe has a I3 kc! resistance conncctccl I~ctwccn 
the outer ring ant1 grouncl. I n  addition, when the ring 
is shorted to grouncl the circuitry acts as a tracc identifier 
and shifts tllc tracc on the scrccn. 

Two new coclccl passive probes arc currently provided. 
T h e  P6052 is a DC-30 MHz dual-attenuation probe dc- 
signed for low-frcqllcncy applications. A sliding collar 
on the probc barrel selects 1X or 10X attenuation and 
a piid1 button prooidcs a trace-identify f e a t ~ ~ r c .  The  
P6053 is a ininiatr~re 1OX probe designed for the 'I'ck- 
tronix 7-Series amplifier plug-in units. Tlic probe has a 
risetime of 1.2 ns (290 MHz banclwidtl~) and also pro- 
vides a pus11 button for tracc identification. 

The C50/51 camera offers a new ease in waveform photog- 
raphy. When used with auto scale-factor readout the user 
is assured of recording the essential information of his oscil- 
loscope display. 

'l'wo colilpact scm~i-;lutomati(: camcras ha1.c Ixcn clcvcl- 
ol)ccl for us(, wit11 all 'I'cl<tronix 7000-Scrics Oscilloscopes. 
'I'lie (:-.%I ( f /  1.9, 1 : 0.7) and C-51 (111.2, 1 :0.5) diifcr 
only in tlic lens systcni. I3otli camcras provide rangc- 
fintlcr focusing to assure corrcct focris for every csl)osurc. 

Iiy tlq)rc~ssing a spring-loaded focus control, two light 
Imrs arc projcctctl on tlic CIYl' screen. 'The operator 
turns the focus control until the bars merge, and when 
tlic control h o l )  is rclcasccl, the camcra is loclted in 
focus. 

130th camcras use electrically controlled shutters and pro- 
\-ide a tracc lxiglltncss photomctcr to determine the 
correct exposure. 'The operator sets the ASA index, clc- 
PS~SSSC t1x f ltnol) until the pllotomctcr briglltrlcss 
matches tlic tracc intensity and rclcascs the f knob. Tllc 
cali~cra ~vill now autonlatically track to Itccp the samc 
csposw'-c if citllcr the i Imoh or shutter speed is changed. 
A shutter open Ialnp is lighted when tlic shuttcr is open 
a t  sht~ttcr  sl~cccls of 110 second or slower, and in thc 
T I M E  and RUIJ13 ~noclcs. Powcr for tllc ca1nei.a is 
o1,taincd through the oscilloscopc bezel so that no cs- 
ternal powcr cord is required. 

'Thc SINGLE-SHOT mode offers the operator additional 
features. When the S H U T T E R  pus11 button is cicpressecl, 
the shutter opens and the camera provides a reset pulse 
to arm the oscilloscope s\vccp. Ii the +GATE is con- 
nected to the camera, the shutter control circuit will 
closc 5 scconcls after tlle S I V C C ~  has occurred. l ' lle light 
then extinguishes to alert the operator that the shuttcr 
is closed. 

A new Scopeniobile@ Cart  is specifically designed to ac- 
com~nodatc 7000-Scrics Oscilloscopes. 'I'he Type 204-2 
features 9 tiltlock positions, llolcls 5 plug-ins and pro~.idcs 
a large drawer for storage. A locking mechanism on the 
Sco~cn~ob i l c  goes through the oscilloscope inainframe 
sccurely fastening the instrument to the tray. 



TROUBLESHOOTING THE SWEEP CIRCUITS 

By Charles Phillips 
Product Service Technician, Factory Service Center 

T h i s  fifth article i n  a series discusses troubleshooting 
techniques i n  the  sweep circuits of Tek t ron ix  instru- 
ments.  For copies of the  preceding four TEKSCOPE 
articles, please contact your local field engineer. 

Tektronix sweep circuits are designed to develop a linear 
sawtooth voltage over a wide range of sweep times. Linear 
sawtooth voltages ensure that the waveform passes through 
a given number of volts during each unit of time. The  satv- 
tooth rate of rise (or  fall) is set by the normally calil~rated 
TIME/DIV control. This sawtooth voltage is then proc- 
essed in the horizontal amplifier and applied to the plates 
of the CRT,  resulting in the horizontal deflection of the 
electron beam. 

As a result, the cathode-ray beam is srvept horizontally to 
the right through a given nurnber of graticule divisions dur- 
ing each unit of time--the sweep rate being controlled by 
the TIME/DIV control. I n  this manner, a baseline is pro- 
duced that is proportional to discrete amounts of time (de- 
termined by the T I M E / D I V  control). By measuring the 
distance between t ~ v o  different horizontal points on the C R T  
display a time difference reading may be easily made. 

Delaying s ~ . e e p  oscilloscopes are quite common and provide 
txvo separate complete sweep systems. T h e  first, or delaying 
sweep, provides a delayed sweep trigger just prior to the 

moment when the signal of interest' occurs. Generally, a 10- 
turn multiplier dial used ~v i th  the T I M E / D I V  control pro- 
Irides a continuously variable stveep trigger and initiates the 
delayed sveep at  the desired time. Delaying s\veep oscillo- 
scopes provide both increased measurement resolution and 
accuracy. 

Modern time-l~ase generators generally consist of five main 
circuits: a st\,eep gating multivibrator, a Miller runup (or  
rundoivn circuits (sa~vtooth generator and disconnect 
diode),  holdoff circuitry, s\veep lockout circuitry, and auto- 
matic sveep generator circuitry. I n  addition, the siveep cir- 
cuit provides the unblanking signal to the C R T  and often 
a saivtooth and/or gate output on the instrument panel. 

S\\-eel) generators make use of operational amplifier tech- 
niques to obtain their required linearity. As a result, if 
circuit problerns appear, they are sometimes difficult to 
troul~leshoot I~ecause of the feedback loops ini.olved. Usu- 
ally the feedback loop must be I~roken in order to localize 
the circuit problem. 

\\;hen troul~leshooting an oscilloscope sl\.eep circuit, examine 
the simple possibilities Ixfore proceeding \\-it11 extensive 
tso~~l~leshoot ing.  The  follo~ving list p r o ~ ~ i d e s  a logical se- 
q t~ence to follo\v ~vhile troul~lcshooting s\veep circuitry. 

1 .  Observe C R T  display characteristics. 

2. Check control settings. 

3. Isolate trouble to block. 



4. Thorough visual check. 

5. Check voltages and waveform. 

6. Check individual components. 

When troubleshooting sweep circuits, free run the sweep to 
be certain that the trigger circuitry is not inhibiting sweep 
operation. Gate and sawtooth output connectors provide a 
quick check of circuit operation and may provide a clue to 
the problem. If no outputs are observed, check to be certain 
that trigger inputs are gating the sweep gate circuits. 

Holdoff and feedback operation may be checked by monitor- 
ing the cathode of the holdoff circuit. Check to see if the 
cathode of the holdoff cathode follower follo\vs the action 
of the siveep length control. A similar check is to vary the 
stability control while monitoring the lockout multivibrator 
cathode. These ttvo blocks comprise most of the feedback 
path and if their cathode follorver action is inoperative, the 
problem is quickly localized. 

TECHNIQUES 

A Tektronix Type 575 or  Type 576 is very useful to check 
tunnel diodes in the circuit ( in most cases). If there is any 
doubt of device performance, one end may be lifted. Con- 
nect test leads directly across the T D .  Set the vertical sensi- 
tivity on the 576 to cover the sensitivity of the diode under 
test and the horizontal to .1 V/div. (Typical TD's have a 
horizontal slvitching voltage of --% volt.) The  waveform is 
not exactly like an  out-of-circuit check, but in most cases, 
it indicates whether the T D  is xvorking properly. This pro- 
cedure prevents mechanical strain or excessive heat from be- 
ing applied to the T D .  The  photos below show an  in-cir- 
cuit and out-of-circuit check being made on the same T D .  
Interaction caused between the test leads and the circuit 
~vi l l  sometimes produce a cluttered trace, but switching can 
nearly always be detected. 

resistor under test and the collector lead for the high point. 
IVith the collector sweep in "+" polarity, dial in the proper 
amount of voltage. (If  you don't know holv much voltage 
to use-turn the instrument on and check the voltage drop 
across the resistor \vith a meter first.) Next, set the horizon- 
tal and vertical switches on the 576 to display the uaveform 
on screen. Noisy resistors will show as an  intermittent or 
broken line. The  photo below shows a defective resistor that 
appeared normal with an  ohmic check. 

Often it is necessary to start the sweep gating rnultivibrator 
manually. If the sweep does not run, ground the collector 
of the sweep gating multivibrator (e.g. Q504 in a Type 453) 
and monitor the collector of the s a ~ t o o t h  sweep rundown 
circuit. This should cause the sweep to rundown and let you 
troubleshoot in a normal manner. 

Breaking the feedback loop is often helpful in large opera- 
tional amplifiers. One  technique that can be used is to pull 
the transistor from the reset emitter follower and ground the 
emitter terminal (e.g. Q543 in a Type  453). A sweep should 
occur each time the point is grounded. O r  remove the reset 
n~ultivibrator (e.g. Q585 in a Type  453) and apply an  exter- 
nal positive D C  voltage a t  the collector terminal to "brute 
force" the sweep to run. ( T h e  Type 576 is again convenient 
for this application.) Often a 10-kn minipot connected as 
sho\vn \vill ~ o r k  nicely and \\.ill plug right into the transistor 
socket. This is a convenient method since the internal volt- 
age from the collector supply may be used as the voltage 
source. 

Noisy resistors can also be checked dynamically (with power 
off on instrument under test) on a Tektronix Type 576. Con- 
nect test leads flom the sockets on the 576 to the resistor 
under test. Lse  the emitter test lead for the low point of the 

A minipot connected into a transistor socket as shown is a 
convenient way to "brute force" the sweep. 

I 
Series of waveforms illustrating the use of the Type 576 Curve Tracer as a versatile troubleshooting tool. Left: In-circuit TD 
check. Center: out-of-circuit TD check. Right: Noisy resistor. 



Another technique is useful when timing delaying sweep os- 
cilloscopes. The  horizontal display is set for A delayed by 
B ~ i t h  A sweep free running. Start with the fastest B 
s\veep \\here A can be run 100 times faster than B. This 
will make each cm equal to 0.1%. Set the delay time multi- 
plier to 8.95. This will move the 9th marker to center screen 
for 0% tolerance. 

Each cm to the left of center screen noiv equals -.I% error 
and each cm to the right equals + . I  % error. Start Lvith time 
marks of the same speed as the B srveep. If the 9th marker 
sho.ivs up on screen, the error can be read directly + or - 
from how far it is from center screen. Decrease sweep speeds 
(A and B)  by 1 s~vitch setting until each range of the delay- 
ed slvcep is checked. When t\vo niarkers show up on screen, 
it is time to switch the time-mark source to the next lo\ver 
decade to match the B-sweep TIh lE /CM setting. If the 
pulse is off-screen, use the delay time multiplier to position 
the pulse on screen and read the number of minor divisions 
that it takes. Each minor division is equal to 0.1%. 

TYPICAL SWEEP TROUBLES (TUBE) 

Siveep shortens at faster sweep speeds. 
Check: T h e  sa\vtooth output cathode follo\\w may Ix 
loading the circuit. Remove the sa~vtooth cathode fol- 
lo~vcr and note \vhether the problem disappears. If the 
trouble is not in this stage, then check the output stage 
of the horizontal amplifier. 

Sweep non-linear at  the left side of the CRT.  

Check: Faulty holdoff circuit operation may be causing 
the problem. Check holdoff cathode folloivcr for gassy 
tube or improper circuit operation. 

3. Snecp shortens on right side of the C R T  lvhen sweep is 
triggered. 

Check: An open diode in the positive trigger clipper cir- 
cuit may inhibit positive clipping of the sweep gate inpnt 
and cause premature rundown of the siveep. 

4. Sweep tends to free run at different sweep speeds when 
triggered at other speeds. 

Check: Preset stability is ~nisadjusted or lockout multi- 
vibrator circuit operation is ~veak. 

5. S\veep  ill not run by itself, but ~vill start when shock 
excited (i.e., rotating the TIME/CR4 switch). 

C%cck: Start-stop n~ultivibrator circuit failure \\.ill she\\. 
these characteristics. Check the tube and circuitry. Off- 
tolerance precision ( 1 % )  resistors in this circuit \\.ill 
sometimes cause this problem. 

6. S\veep non-linear or inaccurate at slow sveep speeds. 
( I n  extreme cases, spot may stop part way through the 

Check: Disconnect diodes should l ~ e  tested. Check for 
proper operation by starting the s~veep, and then remov- 
ing the disconnect diode and see if problem clears itself. 
The  s\vcep will run for one s\veep and stop. Replace 
diode and repeat procedure if necessary to get a better 
look. If this proccdure clears u p  the problem, the dis- 
connect diode is faulty (leaky or gassy). 

7. Slvecp non-linear at  some TIhIIE/CM settings; normal 
operation at others. 

Check: Miller sunup circuit may Ile leaky. Check for 
gassy Miller tube. 

Lockout Pulse In SOLID STATE 
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8. Sneep  timing off a t  several of the slo\\er s\\ eep speeds 
(below 1 ms/div) . 

Check: Suspect precision timing resistors. Many older 
oscilloscopes used b ronn  A-P resistors on  the m c e p  tim- 
ing s\\ itches. These resistors changed value M it11 age 
and should all be changed. 

9. Delayed sweep operation, normal; delaying st\ eep ope1 - 
ation, normal but cannot obtain triggered delayed s\veep 
when using both sweeps. 

Check: Suspect tveak or defective delayed slveep trigger 
amplifier. 

10. S\veep timing accuracy long in the . l ,  .2, and .5 ms/div 
range. 

Check: Unsolder one end of the small padder capacitor 
in parallel ~ v i t h  the ,001 timing capacitor located on 
the A w e e p  timing svitch and monitor timing. If 
timing is improved, remove the small capacitor. 

11. Erratic starting of sweep. 

Check: Xoisy resistor in s\veep start-stop circuit or poor 
connection of high voltage anode lead can cause this 
problem. 

12. Erratic s\veep operation, sweep start is not erratic. 

Check: Noisy or heater cathode leakage in disconnect 
diode may cause this problem. 

TYPICAL SWEEP TROUBLES (TRANSISTOR) 

T h e  operation of transistorized slveep circuitry is generally 
similar to the t u lx  type circuitry. Some additional specific 
checks that may Ix useful are:  

1. Stveep inoperative. 

Check: Check the s~veep gate transistor and the slvecp 
T D .  If these operate properly, then check the fixed divid- 
er at  the input of the s\veep reset multivibrator for proper 
value. 

2. Slveep inoperative. 

Check: If normal t ro~~bleshoot ing doesn't produce a trace 
(see techniques), check the s\veep length circuit. A diode 
failure or bad s\vitch contact in the stveep length circuit 
may cause an  inoperative srveep. 

3. Sneep  timing error a t  different s\veep speeds. 

Check: Gallium-arsenide diodes used in the sweep discon- 
nect circuit may be defective. Replace if necessary. 

4. S\veep jitter. 

Check: Gallium-arsenide diodes used in the s\veep discon- 
nect circuit may be defective. Replace if necessary. 

USED INSTRUMENTS FOR SALE 

1-Type 526, SN 1544. Price: $1295. 
Contact: Donald K. McConnell. General 
Electrodynamics Corp., 4430 Forest 
Lane, Garland, Texas 75040. Telephone: 
(214) 276-1161. 

1-Type 514D. Excellent condition. 
Price: $400. Contact: Dr. William Carr. 
Southern Methodist University, Dallas, 
Texas 75222. Telephone: (214) 363- 
561 1, extension 2221. 

1-Type 524AD/202-1, SN 7730. T \ \ o  
years old. Price: $1000. Contact: Dave 
Sanders o r  Charlie Henry. American 
Micro\vave 8: Communications. 203 
Stephenson Avenue, Iron 5fountain. 
Michigan 49801. Telephone: (906 \ 
774-2923. 

1-Type 422. Ne\v. Price: $1,250. Con- 
tact: Ells\\-orth M. Cochran. 7805 
Laurel .4ve.. Cincinnati, Ohio 45243. 

1-Type 5 l t D ,  SN 1348. Excellent con- 
dition. Price: $250. Contact: Robert 
Bartell, RD 2, P.O. Box 31, Kingston. 
Ne\v York 12401. Telephone: (914) 
331-9019. 

1-Type 545 ~v i th  D plug-in unit. 
Price: $1,100. Contact: Dr.  J. McConn, 
Cornell University, Division of Biologi- 
cal Sciences, Savage Hall, Ithaca, Ne\\ 
York 14850. Telephone: (607) 
275-4809. 

I-Type 535A. 1-Type 545.4. Several 
plug-ins for 5301540 Series. 1-Type 
515.4. 1-Type 575. Contact: Harry 
Posner, Pacific Certified Electric. Tele- 
phone: (213) 225-1584. 

I-Type 3A72, SN 4690. Price: $200. 
I-Type 53.4. Price: $35. Contact: Mr.  
Myhre, Mission En~ineering,  Inc., Hia- 
watha, Iowa 52233. Telephone: ( 3  19)  
393-2253. 

1-Type 310.4 Contact: Don Pagan, 
Varian Data Machines, Irvine, Califor- 
nia. Telephone: (714) 833-2400. 

I-Type 310A, SN 014771. Price: Best 
offer. Telephone: (415) 326-6200 
Extension 2619. 

1-Type 551.. SN 3247. Excellent con- 
dition. Price: $1350. Contact: Wayne 
Hunter, Exact Electronics, Hillsboro, 
Oregon 97123 Telephone: (503) 
648-6661, 

1-Type 551, SN 002812. 1-Type CA? 
SN 027013. ?-Type B, SN 01 1852 and 
SN 018247. Will sell as a unit for 
$700. Contact: Jim Rogers, Pacific 
.4ssemblers, 4500 Campus Dr., Suite 
524, Nexvport Beach, California 92660. 
Telephone: (714) 540-0030. 

1-Type 454 with cart. Approximately 
one year old. Perfect condition. Price: 
$2500. Contact: Robert Crawford, 124 
West 86th St., New York, New York 
10024. Telephone: (212) 787-6715. 

1-Type 321, SN 003443. Has batteries. 
Price: $400. Contact: Evans Wheeler, 
539 South Raymond Ave., Pasadena, 
California 91 101. Telephone (2  13) 
449-5650. 

1-Type 533.4, SN 4859 ui th  Type B 
Plug-In, SN 19959. Excellent condition. 
Used 100 hours. Price: $675. Contact: 
Henes Manufacturing Co., 4301 East 
Madison St., Phoenix, .Arizona 85034. 

Sampling dual-trace and time-base plug- 
ins for 560 series. 1-Type 3876. SN 
408. 1-Type 3T77, SN 437. ?-Type 
P6032. All like new condition. Purchase 
date 4/31/62. Contact: Burr-Brown Re- 
search Corp., Tucson, Arizona 85706. 
Telephone: (602) 294-1431. 
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a new logic for oscilloscope displays 

Placing the mode switching function in the 
oscilloscope mainframe, where it logically be- 
longs, greatly enhances the flexibility of the 
plug-in concept. This new development, cou- 
pled with an instrument design that accepts up 
to four plug-in units and provides an 8 x 10 cm 
display, offers unprecedented versatility in os- 
cilloscope performance. 

The new Tektronix 7000 Series provides the most ver- 
satile oscilloscope switching to date. Historically, verti- 
cal switching has taken place in the plug-in instead of 
in the oscilloscope. By placing the switching capability 
in the mainframe, inany of the typical limitations are 
overcome and a number of advantages arc available. No 
longer is the user limited to a choice of any one of two 
or three dual-trace plug-in units. A wide selection of 
multi-trace options is provided, since switching is be- 
tween plug-in units and therefore performance param- 
eters may vary greatly. Thus, the user can select the 
two vertical plug-ins most appropriate for his measurc- 
ment, ancl still have multi-trace performance. 

COVER-The composite mask of the M036 Channel 
Switch IC symbolizes the versatility provided by the 
mainframe switching capability of the 7000 Series. 
See back cover. 

There are 20 possible combinations of VERTICAL 
MODE and HOliIZONTAL MODE switch setting:. 
The total number of possible display configrrrations 1s 

multiplied further by: ( 1 )  the 1,ariety of plug-ins avail- 
able for use with this instrument (i.e., voltage amplifiers, 
current amplifiers, sampling units, etc.) , ( 2 )  the inter- 
changeability of plug-ins (i.e., an amplifier or time-base 
unit can be installed in either of the vertical or horizontal 
compartments or both) ancl ( 3 )  the capabilities of the 
plug-in units which are'used in these instruments (e.g., a 
dual-trace vertical unit can be used in either of the two 
single-channel modes, in either dual-trace modes, or 
added algebraically; a delaying time base may be used 
either for a norinal sweep or for delayed sweep). The 
table at riqht illustrates the combinations available for 
single-channel vertical ancl hori;.ontal units used in the 
conventional Y-T mode. 

The mainframe logic accepts the plug-in outputs and 
time-shares the CIiT to provide the appropriate display. 
Thus, the operation of each plug-in is continuous and 
independent. The mainframe sequentially selects ancl 
applies plug-in outputs to the vertical and horizontal 
deflection plates respectively. The  time inter \d  and 
sequence in which plug-in outputs are displayed depends 
on which combinations of display modes are used. 

The basic system is set up to sweep-slal-e the middle two 
plug-ins and the outer two plug-ins together (VEIIT 
MODE-ALT and HOIiIZ MODE-ALT or CHOP) .  

2 @ 1969, Tektronix, Inc. All Rights Reserved 



SWITCHING LOGIC 
-- - -- - - - - - - - - - -- - 

VERTICAL HORIZONTAL 
MODE I MODE SOURCE OF DEFLECTION 1 DISPLAY 

LEFT I 
ALT Vertical-sinale unit: horizontal-two Dual-trace-indeoendent dual time- 

CHOP units. 
I 

base-simultaneous DELAYING and 
DELAYED sweep. 

ALT 
i ALT 

CHOP 

Vertical-two units; horizontal-single 
unit. 

- -  - 

Vertical-two units; horizontal-two 
units. Sweep slaving between LEFT 
VERT and B HORlZ plug-ins and 
RIGHT VERT and A HORlZ plug-ins. 

- - 

Dual-trace-~ndependent "dual-beam" 
operat~on-X-Y, Y-T-dual-trace delay- 
ing sweep-dual-beam X-Y (CHOP 
ONLY). 

Single-trace-algebraic addition of two 
ADD or more signals-dual-trace delaying 

two sweep-raster capability. 

CHOP ' - 

A / Vertical-two units; horizontal-single 
B I unit. 

- - -- --- - 
ALT Vertical-two units; horizontal-two 

CHOP 1 units. 

- - - - - - -- - 

Four-trace-each vert~cal  displayed at 
two sweep speeds-dual-beam X-Y. 

i A 1 Vertical-single unit; horizontal-single Single-trace. 
6 unit. I 

RIGHT I .. ~. . ---- - . 
, Vert it; horizontal-both 1 Dual-trace-independent dual tirne- 1 units. 

; DELAYED sweep. 
I 1 base-simultaneous DELAYING and , 

- . . . -.. - .. - .~ I 

'I'hus, the right \.crtical p l q - i n  is clisplayecl at the s\vcep 
rate of the A horizontal plug-in and the left \.crtical 
plug-in is clisplayccl at the sweep rate of the 13 horizontal 
plug-in (non-dclayccl stveep only). Onc reason for this 
particular choice is to allo\v for the possibility of mr~ltiple 
width plug-ins for the fut~lre.  Since there arc no \.ertical 
dividers in the plug-in c o n ~ p a r t n ~ c n t ~  r-nasimum future 
flexibility is provided. 

For dela) ecl-sweep opelation. a different displa) secjiiencc 
occurs. Filst, the LEFI' VEIZT unit is displayed a t  the 
sweep rate of the time-base unit in the A H O l i I Z  
cornpa~trrlent (clelayinq w e e p )  and then a t  the sweep 
late of thc time-base unit in the B H O K I Z  compalt- 

merit (delayed sweep) . 'The vertical display then shifts 
to the R I G H T  VEIZT unit and is displayed consecuti\dy 
a t  the delaying and clelayecl sweep rate. T h e  figures 
below show three of the possible switching configura- 
tions. 

T h e  C H O P  HOKIZ mode p ro \des  a display that has 
not been possible before. I n  this mode, the outputs of 
the A and I3 horizontal plug-ins are continuously 
switched and displayed on the CIYI'. If the two hori- 
zontal plug-ins are time bases, then the C H O P  mock 
displays both at what appears to be the same time. l'hc 
chopping is not nol.rnally discernible since the sweep 
switching occurs nonsynchronoilsly with the sweep. 

VERTICAL MODE-ALT HORIZONTAL MODE-CHOP 
ONE DUAL-TRACE (CHOP) AND ONE SINGLE- 
CHANNEL PLUG-IN 
TWO TIME-BASE PLUG-INS (CHOP) 

LEFT 
VERT 
CH 2 

2 2  ps RIGHT 
VERT 
CH 1 

RIGHT 
VERT kFi k RIGHT VERT CH 2 

VERTICAL MODE-CHOP HORIZONTAL MODE- 
CHOP 
TWO DUAL-TRACE VERTICAL PLUG-INS (CHOP) 
TWO TIME-BASE PLUG-INS 

- - 

- - 

TIME - I I - TlME 

A SWEEP 
DURATION - 

BASE BASE BASE BASE 
B 

BASE 
A B A B 

DURATION - 

RIGHT 
VERT 1 

I I I 

TlME I TlME I TlME 1 TlME 
BASE BASE BASE BASE 

A B A B 

VERTICAL MODE-ALT HORIZONTAL MODE-ALT 
TWO SINGLE-TRACE VERTICAL PLUG-INS 
TWO TIME-BASE PLUG-INS (DELAYED.SWEEP 
OPERATION) 

Three of the many possible switching configurations are shown above. 

3 



T h e  C H O P  horizontal configuration provides the ability 
to obtain an equi\.alent dual-beam single-sweep capa- 
bility. The  maximum sweep speed limitation is depen- 
dent upon the horizontal chop rate. Since the horizontal 
chop rate requires a 2-ps segment for each plug-in and 
the \wtical chop rate requires --. a 0.5-/.LS segment, thc 
fast stveep limitation is basically the horizontal chop ratc. 
r 7 I hus, two silnultaneous single events may be monitored 
a t  sweep speeds as fast as 50 l.r-s/clir T h e  photo below 
illustrates this capability. 

A second achrantage of the C H O P  horizontal configura- 
tion is that the intensity level of different s\veep speeds 
may be more closely matched. Because the sweep-speed 
ratios may be quite cliverse (2,500,000,000: 1 is avail- 
able in calibrated s.iveeps with the 7B70 Time-Rase Un i t ) ,  
the Alternate mode in many cases can have too great 
an  intensity l e \ d  difference to clisplay the faster sweep. 
Chopping, however, helps a great deal to balance thc 
different sweep intensities. 

The horizontal CHOP mode monitors two independent single- 
occurrence events simultaneously and provides a dual-beam 
capability to approximately 50 p l d i v .  

Selection of internal trigger signals for both sweeps is 
provided on the front panel. For most applications, these 
switches can be set to the V E l i T  M O D E  positions. This 
position is the most convenient since the internal trigger 
signal is automatically switched as the VERTICAL 
MODE switch is changed or as the display is electroni- 
cally switched between the L E F T  VEI iT  and R I G H T  
V E l i T  plug-ins in the ALT position of the VEIiTICAL 
MODE switch. I t  also provides a usable trigger signal 
in the ADD or C H O P  positions of the VERTICAL 
M O D E  switch, since the internal trigger signal in these 
modes is the algebraic sum of the signals applied to 

SWITCH F 
A 

C B TRIG 

HORlZ 
SWITCH 

A TRlG 

RIGHT 
HORlZ 8 HORlZ t 

The unique mainframe switching of the 7000 Series provides 
a new versatility in signal and triggering processing. 

the vertical plug-in units. This technique prevents the 
time base from triggering on the vertical C H O P  signal. 
The  VEI iT  M O D E  ensures that the time-base units 
receive a trigger signal regarclless of the VERTICAL 
MODE switch setting, without the need to continually 
change the trigger solirce selection. 

If correct triggering for the desired display is not 
obtained in the V E I i T  M O D E  position, the trigger 
source for either the A HOIIIZ or B H O l i I Z  time-base 
unit can be cl~anged to obtain the trigger signal from 
either the LEFT V E R T  or R I G H T  V E R T  plug-in. T h e  
internal trigger signal is obtained from the selected 
vertical compartment whether or not the plug-in in that 
compartment is selected for display on the CIIT. 

One of the most unique aspects of the NEW 7000 Series 
is the ability to simultaneously use different methods 
of analyses. Thus, the identical signal can be observed 
both X-Y and Y-T. A sampling display (X-Y or Y-T) 
may be compared against a high-impedance conventional 
display, and a raster display ( T - T )  may be displayed 
.cin~z~ltanrozr.cl)~ with an  X-Y or Y-'T display, or both. 



A unique Z-axis config~~ration available on 7000-Series 
instruments enhances this multiple display capability. 
Two inputs are provicled for masirnuin user versatility 
in Z-axis modulation applications. H I G H  SPEED re- 
quires 60 volts peak-to-peak to pro\+le trace modulation 
over the full intensity range frorn I X  to 100 MHz 
(7704). H I G H  SENS requires only 2 volts peak-to- 
peak to pro\.ide full intensity range from 1lC to 2 MHz. 

'Three outputs are proviciecl on the front panel of the 
7000 Series. A positive sawtooth output provides a 
san~ple of the sawtooth signal frorn either of the plug-in 
time bases. The  rate of rise of the signal is approsi~nate- 
ly 50 mV/div into a 50-9 load or approximately 1 volt/ 
div into a 1-MR load. 

The  + GATE output provides a positive-goinq iectan- 
grtlar output pulse from either A or 13 time base, on the 
clelayecl gate frorn an A delaying time-base unit. The 
amplitude of the + GATE is approsimatcly 0.5 volt5 
into 50 R or appro~imatcly 10 volts into 1 M o .  

The 7000 Series allow simultaneous use of different methods 
of analyses. Thus, both X-Y and Y-T presentations may be 
monitored to obtain additional information from the display. 

The  S I G  O U T  connector provides a sample of the verti- 
cal deflection signal. The  source of signal is cleterminecl 
by the position of the B trigger source. I n  the VERT 
MODE position, the output signal is determined by the 
setting of the VERTICAL MODE switch. I n  the ALT 
position of the VERTICAL MODE the output signal 
switches between vertical units along with the C l i T  
display. CHOP and ADD both provide a conlposite 
signal output. The  output voltage into 50 Q is approxi- 
inately 25 mV/div of the C l i T  display. Into a 1-MQ 
load, the output voltage is approximately 0.5 V/div. The 
bandwidth of the output signal is determined by the com- 

bination of plug-in and oscilloscope. The  7704 and 
7Al l  or 7A16 pro.iicle a IIC-60 MHz \ertical signal 
output capability. 

The  initial offcring of 13 plug-ins contains 7 amplifier 
units (including a sampling amplifier) . U p  to four 
amplifier units inay be displayed (dual X-Y displays), 
but the most connnon configuration is two amplifier 
units in the LEFT VERT and R I G H T  VERT com- 
partments. The wide range of units available include 
wide-band amplifiers. dual-trace amplifiers, differential 
comparators, current probe amplifiers, and high gain 
differential arnplifiers. 

The  basic accuracy of most annplifier units is specified 
at  27'; ovcr the temperature range of 0"  to 50' C. The  
exceptions to this are 1 )4/2% for the differential com- 
parator unit ancl 3C/;. for tllc sainpling amplifier m i t .  
All amplificr units contain an INVERT position and 
an IDENTIFY button which cleflects the trace slightly 
ancl idcntifics thc appropriate Auto Scale-Factor l<eacI- 
o t ~ t  area. 

An X-Y coinpensation option is available for applica- 
tions iequirinq piecise phase incasu~cn~ents. The  option 
consists of a n e t ~ z o ~ k  to compensate fol the differences 
in \eltical and hori/ontal delays allowiny phase shift 
to bc adjusted to less than 2" frorn D C  to 2 MH7. 

'The 7Al 1 amplifier is a new concept in high input im- 
peclance ( I MR) amplifier FET probc design offering 
5-mV, 150-MHz performance in the 7704 and 5-mV, 
90-MHz performance in the 7504. Capacitance is a 
function of the attenuators ancl is 5.8 pF from 5 m V  
to 50 mV/cIiv; 3.4 pF  fronn 0.1 V to 1 V/cliv; ancl 2.0 pF 
from 2 V to 20 V/div. One volt (r+) of DC offset is 
psovicled as well as an output jack for monitoring of 
the offset \.oltage. 

A unique capti\re probe design that is an  integral por- 
tion of the plug-in allows a design much easier to use 
than  resent F E T  probes. Two stacked attenuators and 
a F E T  amplifier are contained in the probe and arc 
relay-switched by the front-panel VOLTS/DIV control. 

The  result is a F I X  probe that is small in size with no 
bulky amplifier to mount to the oscilloscope. The  probe 
cannot be made to clip or limit the signal on the C X T  
by an incorrect cornbination of input attenuator and 
plug-in sensitivity. The  operator is thus freed from con- 
cern with manual plug-on a t ten~~ators  and dynamic sig- 
nal range. If the signal can be positioned or offset to 
fall within the viewing area, the amplifier is operating 
linearly. The  sensiti~ ity at  the probe tip may be read 
directly from the front panel or from the auto scale- 
factor readout on the CRT.  



Lower trace-conventional display. Upper trace-sampling 
display provides increased time resolution. 

A wconcl mode of operation is pro\ ided 1 ia a RNC con- 
nector on the front panel. When the full capability of 
the system is not required, the probe is stored internall) 
and is accessible \ i a  a front panel RNC connector. I n  this 
mode, approsimately 1 pF is added to the input capaci- 
tance. 

The 7A12 is a 1-MQ, 5-mV dual-channel plug-in ampli- 
fier that is the basic building block for two, three and 
four-trace operation. The  7A 12 provides 105-MHz per- 
formance in the 7704, and 75 MHz in the 7504, with an 
accuracy of 2% over the 5-mV/di\. to 5-V/div deflec- 
tion factor range. In  addition to the 5 display modes 
(Channel 1, ALTERNATE, CHOP, ADD, Channel 2 ) ,  
a trigger source allo\vs selection of either Channel 1 or 
Channel 2. An additional position is included for opera- 
tor convenience. I n  this position, the trigger source is 
automatically lockecl to the display mode. Thus, when 
Channel 1 is selected as the display mode, Channel 1 
is automatically selected as the trigger source. The  only 
esception to this is in CHOP, \vhere the triggering is 
the same as in the ADD mode. 

A feature new to dual-trace operation is the volts D C  
offset provided to allow 2 1000 cm of offset on all 
ranges for both channels. Thus, the user can make DC- 
coupled measurements of low-amplitude signals that 
"ride" on D C  levels. This D C  offset makes the 7A12 
truly a versatile instrument. 

The 7A13 is a differential comparator plug-in ainpli- 
fier that incorporates a number of performance features 
in the same instrument. As a conventional 1-MR input 
impedance amplifier, the 7A13 maintains constant band- 
width (100 MHz in the 7704, 75 MHz in the 7504) over 
a 1 mV/div to 5 V/div deflection factor range. A 5-MHz 
bandwidth position is provided to minimize noise in the 
lower frequency applications. As a differential amplifier, 
the 7A13 inaintains its conventional features, and pro- 

vides a CMIiI i  of 20,000 : 1 from D C  to 100 kHz, de- 
creasing to 1000: 1 at 10 MHz. 

The  7A13 features an in-line digital readout of compari- 
son voltage. The decimal point for the comparison volt- 
age is coded by the probe in use and automatically indi- 
cates the correct voltage as referenced to the probe tip. 
The  i. 10 volts of offset pro\.icles an  effective 10,000- 
centimeter display on the 1 mV/div range, of which any 
8-cm "window" can be displayed. 

A V, REF button applies the comparison voltage to both 
input gates. The "null" is established using V, instead of 
a ground reference, and results in a simplified method of 
obtaining a zero reference. 

The 7704 and the 7A16 Amplifier provide a 5-mV, 2.4 ns 
capability. Note the excellent long-term and short-term 
response characteristics. 

The  7A14 is an AC current probe amplifier which pro- 
vides constant bandwidth (dependent on the current 
probe and mainframe) over the 1-mA/div to I-A/div 
calibrated deflection factor range. Both the P6021 and 
P6022 AC current probes may be used with the 7A14. A 
special RNC input connector senses the type of current 
probe, and switches in the proper internal compensation 
circuit. An invert switch on the plug-in allows an in- 
version of the current waveform and eliminates the need 
to physically reverse the probe. 

Two current probes are presently offered for use with 
the 7A14. The P6021 is optimized for low-frequency 
response. I t  has a lower -3 dB point of 30 Hz and an 
upper - 3 dB point of 45 MHz in the 7504 and 50 MHz 
in the 7704. The P6022 is designed for high-frequency 
response. The  lower frequency - 3  dB point is 250 H Z  
with an upper -3 dB point of 75 MHz in the 7504 and 
105 MHz in the 7704. 



The  7A16 is a wicleband amplifiei with a deflection- 
factor iange of 5 mV/di\  to 5 V/di\  150-MH/ per- 
foilnance is pro\idcd in the 7704 ancl 90-MH/ perform- 
ance in the 7501 The  unit pro\ides a I-MR, 15-pF 
input and employs a thick-film drum attcnuator fol 
escellent frequency ~esponse. Bandwidth is wlcctablc 
a t  FULI, oi 20 M H /  foi usel con\ enience 

The 7A22 is a high-gain differential amplifier \\.it11 
1 0-/).V, 1 -MHz pcrformancc characteristics. The  clis- 
played noise (tangentially measl~rccl'i at full band\vidth 
is held to 16 /LV. Drift is lielcl to less than 5 ,u.V/min 
and 10 ,l.V/h. Both H F  - 3 dB points ancl L F  - 3 dB 
points may be sclcctcd from the front panel to recli~cc 
the clisplayecl noise for any xivcn measurement. An 
offset fcaturc proviclcs I 1 \ d t  a t  slim11 cleflection fac- 
tors, t 10 volts miclrange~ and t 100 \.olts a t  large 
tleflection factors. The  CMlZli of the instrument is 
100.000 : 1 fro111 13C - 100 kH7. 

Four time-base units are presently available for use in 
the 7000-Scrics Oscilloscopes. ,411 four malte extensive 
usc  of push Isuttons for simplifiecl operation. For the 
most comnonly used mocle, it is only necessary to dc- 
press the uplser pus11 button in each row. Twelve push 
buttons control MODE,  SOUIICE, ancl COUPLING.  
T h e  71350/51 were primarily clesignecl for the 7501 ancl 
the 71370/71 \yere primarily designecl for the 7704. T h c  
primary differences between the 7BjO/j 1 and 7B70/ 7 1 
arc maximum sweep speed ancl trigger bandwidth ( 5  11s: 
100 MHz or 2 ns, 200 M H z ) .  The  plug-in front panels 
arc identical except for the fastest sweep speed range. 
Any time base may be used in any mainframe although 
maxiin~im calibrated sweep speed may become a factor. 
For example, the 2-11s position of the 7B70/71 would 
not be calibrated if used in the 7504. A notation on 
each ~nainframc labels the fastest calihratccl T I M E /  
DIV.  

T h e  71350 ancl 7B70 are typically ~lsecl as delayed-sweep 
units and also contain provision for external horizontal 
operation, 25 mV/div or 250 mV/cliv. 

The  7133 1 and 7B7 1 are typically urecl as delaying-sweep 
units and contain delay-time multiplier circuitr) with 
a jitter specification of 1 part in 50,000. 

A new trigger circuit is featured that greatly simplifies 
trigger operation. T h e  peak-to-peak auto trigger cir- 
cuit detects the peak-to-peak excursions of the displayed 
waveform: stores the \ d u e  in the peali-to-peak memories, 
and matches the range of the l e \ d  control to the range 
of the displayed signal. Should the amplitude change, 
the memories will auton~atically respond. Thus, positivc 
triggering is ensured for all positions of the LEVEL/  
SLOPE control regardless of signal amplitude. In  addi- 
tion, trigger level and slope are incorporated into one 
control with the slope being relay-switched as the 
LEVEL/  SLOPE control passes througli 0"  ancl 180". 

The repetitive signal input forward-biases the peak detectors 
( D l  and 02)  and allows peak-to-peak memories C1.and C2 
to become positively and negatively charged, respectively. 
This level is impressed across the LEVEL control and allows 
full sensitivity for all amplitudes of trigger signal within the 
sensitivity limits. 

With the trigger in the peak-to-peak auto position, t l ~ e  
operator can go through the maximum excursions on 
either slope and n e \ w  reach an untriggerable position 
on the control knob. 

T h e  7Sl l Sampling Amplifier, the 7 T l l  Sampling 
Time-Base Unit, the 7 M l l  Dual Delay-Line and a 
complete line of sainpling heads pro\&le a complete 
sampling capability. T h e  ability to mix con\entional 
displays against sampling displays offers a unique new 
measurement capability. T h e  7S l l  accepts any one 
of five plug-in sampling heads to cover the impedance/ 
bandwidth spectrum from 1 MR/350 MHz to 50 R/  
14 GHz. In addition, the random sampling mode of 
the 7 T l l  allows the triggering event to be displayed 
without pretrigger or delay lines. February's TEK-  
SCOPE will discuss in detail the performance of these 
new sampling instruments. 

T h e  Telitronix 7504 and 7704, with their initial conqsle- 
ment of 13 plug-ins, represent an  excellent i n~mtmen t  
for the future ancl a hedge against obsolescence. Placing 
the mode switching capability in the mainframe results 
in a new standard of oscilloscope versatility and perform- 
ance. 

For further information on the Tclitronix 7000 Serier 
refer to the .4ugust 1969 New Products Supplement and 
consult your local Tektronix Field En,' m x e r .  



The latest Tektronix instruments are using 
digital logic functions extensively. This review 
is a brief discussion of the common symbols 
and terms used to explain some of the basic 
logic functions. 

All new Tektronix instruments are standardizing on 
the use of posit i~~e logic. Positive logic refers to the 
use of a 1 to represent the true or more positive level 
and a 0 to represent the false or less positive level (0  
volt). A convenient method of converting the HI-LO 
logic convention to a 1-0 notation is to disregard the 
first letter of each state. Thus:  

H I  = 1 
L O  = 0 

Input/output ( truth) tables are used with logic dia- 
grams to show the input combinations which are of 
importance to a particular function, along with the 
resultant or~tput conditions. The  tables can be given 
either for an individual device or for a complete logic 
stage. 

The basic logic circuit is the AND gate. The  AND 
gates contain two or more i n p ~ ~ t s  and a single output. 
The output of an AND gate is H I  only when all of the 
inputs are at the H I  state. A L O  signal on any of the 
input terminals produces a low signal a t  the O U T -  
PUT. Thus, the AND gate performs the logical opera- 

tion of producing a t r ~ ~ e  output signal only when all 
the input signals are simultaneously true. T h e  circuit 
drawing illustrates a circuit in which no voltage is 
delivered to the load unless both switches are closed. 

LOAD 

A second basic logic circuit is the O R  gate. O l i  gates 
contain two or more inputs and a single output. The  
output of an  O I i  gate is H I  when one or more of the 
inputs are at  the H I  state. Thus, the O R  gate performs 
the logical operation of producing a true output for 
the time duration that one or more of its inputs are 
true, and a false output for the time durations in which 
none of its inputs are true. The circuit drawing illus- 
trates a circuit in which voltage is delivered to the load 
where either or both switches are closed. 

LOAD 



BASIC LOGIC DIAGRAMS 

AND 
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I 
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FLIP-FLOPS 
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FLIP-FLOP INPUTS 

SET . . . . . . . . . . . . . . .  Shown by the letter S 
RESET (or CLEAR) . . Shown by the letter R 
TOGGLE . . . . . . . . . . .  Shown by the letter T 
J and K . . . . .  Shown by the letters J and K 
DELAY . . . . . . . . . . . .  Shown by the letter D 



The  inverter amplifier is a device with one input and 
one output that is used to invert the sense of the signal. 
T h e  output of an in\wter pro\4des the complement 
of the input. Thus, the inverter amplifier performs the 
logical operation of not producing a true output ( H I )  
for the time duration that the input is true. 

Logic diagrams make cstcnsivc use of the LO-state 
indicator. A small circle at the input or output of a 
syinbol indicates that the L O  state is the significant 
state. The absence of a circle indicates that the H I  
state is the significant state. For example, an AND 
gate with LO-state i~lclicator a t  the input is shown be- 
low. The  output of this gate is only H I  whcn the A 
input is L O  and the B inp~i t  is HI .  A second csainple 
is the O R  gate slio\vn with a LO-state indicator at the 
A input. Note that the output of this gate is H I  if 
either the A input is 1,O or the R input is HI .  

A NOR gate is functionally equi\alent to an O R  gate 
followed by an in\ertcr. The  NOR gate fulfills the 
logical function of producing a H I  at the o~ i tpu t  only 
when all the input s i~nals  are simultaneously LO. A 
H I  applied to any input results in a L O  output. 

A NAND gate is functionally cq~ii \alent  to an  AND 
gate followed by an in\,erter. The NAND gate pcr- 
forms the logical function of producing a L O  at  the 
output only whcn all the input signals are H I .  T h e  

in\.erted oiitput of the NAND Sate provides level res- 
toration in addition to performing a logical function. 

Occasionally, circuits can be combined according to 
AND (or 012) function simply by having the outputs 
connected. This configuiation is called a phantom O R  
(sometimes callecl a wired O R ) .  'Two examples are 
lxcscnted below. 

An EXCLUSIVE OK gate p~ocluces a true output 
when the input states are not identical. The  output 
is false if the inputs are iclentical. Thus, the EXCLU- 
SIVE 012 gate fulfills the loqical function of produc- 
ing a H I  if one and only one input is LO. A second 
configuration of the EXCLUSIVE O R  (COINCI- 
DENCE) produces the complement. 

The flip-flop is a bistable device with one or more 
inputs and two outputs which performs the logical 
operation of storage. A flip-flop is a bistable circuit 
that will remain in its last state until an input causes 
it to change into its output state. Because of this 
ability to store a bit of information, the flip-flop is 
the basic building block in digital logic. The state 
of the flip-flop is available on the output line and a 
particular flip-flop is generally identified by which 
function is stored within it. Nearly all flip-flops have 
a second output line on which the complement (c.g., Q) 



of the stored function is axailable. The  other terminals 
of a flip-flop are input terminals and may recei\,e either 
level or pulse signals, depending on the particular cir- 
cuit. 

A basic flip-flop can be drawn using two NAND gates 
connected as show below. T o  understand operation, 
assume the two inputs shown as dotted lines do not 
exist. When power is applied, opposite states will ap- 
pear on the outputs. 

For esample, assume that the output of gate A is LO. 
This L O  will be applied to the input of gate B whose 
output will then become H I .  When this H I  is applied 

to the input of Sate A, a L O  will remain on [he out- 
put of gatc A. Thus, the gates are latched into a stable 
state. 

Next, connect R ancl assume it is HI .  T h e  state of the 
gates can be changed by applying a L O  to input l i .  The  
flip-flop flips to the state where A is H I  and B is LO. 
(NAND gate-if either input is LO, the output is HI . )  
Since the input of A is now L O  from gate B, there is 
no way to return to the original state through the use 
of 12. T h e  L O  input will now keep the output of gatc 
A HI ,  regardless of the R input state. 

By connecting S, the state of the flip-flop can be changed 
by applying a L O  to the R or S where output is L O  
and the flip-flop is fully controlled. Thus, a basic flip- 
flop consists of two NAND gates with outputs cross- 
coupled to the inputs. 

Flip-flops may be either clocked or unclocked. I n  a 
clocked flip-flop, the outputs respond to the inputs 
only when clocked. I n  an  unclockcd flip-flop, the out- 
puts respond to the inputs as the inputs change. 

A common configwation is the toggle flip-flop ( T F F )  . 
The  T F F  is a bistable device with one input line ancl 
two output lines which changes_ states from one stable 

state to the other state with each trigger. Either or 
both of the comple~nentary outputs may be used. A 
major shortcorning of the T F F  is that the state of the 
FF after a trigger is applied cannot be accurately known 
unless the present state is known. 

Another common FF is the set-reset flip-flop ( l iS  F F ) .  
The RS F F  is a bistable cle\,ice with two input lines 
and two output lines. The  output lines are comple- 
mentary and change states in response to the states 
at the input. Two rules for R-S flip-flops are "set to 
1 and reset to O". Set to 1 means an  input signal to 
the set terminal switches the circuit to a known con- 
dition ( H I ) .  lieset to 0 means that an input signal 
to the reset input switches the flip-flop to the opposite 
conclition ( L O ) .  Inputs at  both the li and S inputs 
are forbidden since the d c ~ i c e  can ncver be in both 
states simultaneously. The  li-S flip-flop is used in logic 
situations which do not include the possibility of simul- 
taneous set and reset inputs. 

before 
trigger 

Input Output , 

I HI LO HI LO 
I 

HI HI Undefined , I- _ _ -- 

J 

0 HI HI ; ~ o m p l e -  1 
ment 

- - 

The J-K flip-flop has no ambiguous states and is a 
comnlonly used configuration. The J-K flip-flop has 
two inputs and two outputs. When a H I  is applied 
to the J, the flip-flop is switclled to the H I  state. M'ith 
a H I  at  K,  the flip-flop is s\vitched to the L O  state. 
If HI'S arc applied to both the J ancl K terminals, 
the FF switches to its complement state. Many T-K , - 
flip-flops arc supplied with two or more J inputs and 
two or more K inputs. As a result, frequently one J 
and one K input arc connected together for use as a 
clock input. 



SERVICE S P 

TROUBLESHOOTING THE AMPLIFIERS 

By Charles Phillips 
Product Service Technician, Factory Service Center 

Contribution by Dave Colbert 

T h i s  fifth articlc i n  a .s~ric.s rli.rcns.r(~.r troublcsl~ooting 
techniques in  t l ~  vcrtical and horizontal amplifier ci?-- 
cuits of Tck t ron ix  instrun7ent.c. For copies of ihc  )re- 
ceding four T E K S C O P E  ar t i c l~s ,  plcasc contact your 
local I 'rktronix Field Enginee7-. 

For effccti\rc troul~leshooting, examine the simple possil~ilities 
I~efore proceeding \vith extensive troubleshooting. The fol- 
lo\ving list provides a logical sequence to follo\v while trouble- 
shooting both the horizontal and vertical amplifier circuitry: 

1. Ol~ser\ ,c C1Yr display characteristics. 
2. Check control settings. 
3. Isolate troulde to I~lock. 
4. Thorough visual check. 
5. Check voltages and n.aveform. 
6. CIleck individual components. 

Note: Always return the original component to its place if the 
problem remains. 

GENERAL 

Neon indicator lights and trace finders ilsually provide suf- 
licicnt information to indicate jvhich side of the vertical 
o r  horizontal amplifier is causing the troulde, or u h t h e r  both 
sides are. If the trace-finder lx~ t ton  brings the trace back 
on the screen, then by varying the position control x.e can 
olxerve \\.hether \ve have position control on 110th sides. If 
we  ha\^ position to one side only, this will tell us that \vc 
have an  un ldance  in one of the amplifiers. If \ve have no 
position, then it could be a defective stage completely. 

If a \.ertical or horizontal amplifier is badly out of I~alancc, 
a clip lead can I I ~  used to short the collectors of the o11tl111t 
transistors (o r  plates of output tu l~es)  to ensure that tllc 
spot is centered. (The  deflection plates themselves may be 
shorted to verify the true electrical center of the instru- 
ment.) The  shorting strap is then moved to the Imse (or  grid) 
of the output stage and the ainount of difference in the spot 
position noted. The  position difference indicates the a ~ n o u n t  
and direction of unbalance in the output stage. By applying 
this technique, stage by stage Imck to the input, the amount 
of unbalance may I x  determined. S~vitch the input transistors 
of the output amplifier when the unl~alance is over 0.5 centi- 
meter. A defective stage is indicated by the shorting strap 
not centering the trace on the C R T .  It's a good idea to 
s~vitch transistors around to obtain an  unbalance less than that 



figure. This \\.ill ensure a \re11 Inlanced vertical system ancl 
minimize compression or expansion. 

The  Type 576 Curve Tracer presents a con\.cnient \\.ay to 
locate difficult problems in psh -pu l l  or complementary 
circuitry. T h e  AC Collector Mode is ideal for comparing 
the impedance of 1,arious circuit points against similar i n -  
pcciancc points. Any sulxtantial difference in displays indi- 
cates a prol)al,le incorrect circuit impedance for the test point. 
Use sufficient \.oltage to turn on nearby junctions for maxi- 
mum insight into thc tcst circuit. Open ancl shorted diodes 
nre easily found this \vay as \\.ell as much more difficult 
conditions, including in-circuit lcakagc prol~le~ns .  Be certain 
that the pmvcr is OFF on tlic scope under test. 

This approach is useful \vIicnc\.er suspcctccl stages may he 
comparccl against a kno\vn good stage. The technique is 
par t ic~~lar ly  va111al)le \?hen troul)lesliooting fcccll)ack cir- 
cuitry. I3y setting thc initial display to approximately ;I 45" 
positi\.c slope, nieaningful co~nparisons can Ix quickly made. 

A convcnicnt method of determining \vhich component in a 
string is noisy is to use a differential comparator 11nit. Usu- 
ally, i f  such a prol~lem is olxcrvccl single-ended, it is difficult 
to localize the faulty resistor. By monitoring the probleni 
clifferentially and 1111cking out the \,oltage, the noisy coni- 
jmicnt is quickly and easily located. The  same technique 
\\.ill often \vork to a lesser degree \\.it11 add algcl~raic or 
ordinary differential amplifiers. 

HORIZONTAL AMPLIFIERS 

The horizontal amplifier develops a push-pull version of the 
input ramp from the time-lnsc generator. These si~nultancous 
positive and  negative going raliip voltages arc then applied to 
the right and  left liorizontal deflection plates, respectively, 
causing the CXT spot to move across the screen. Thus, eclual 
increments of distance reprcscnt equal increments of time, 
and the s\vecp can he calil~ratcd. 

Many horizontal aniplifiers include magnifier circuitry that 
decreases the amount of negative feedl~ack and increases the 
gain accordingly. Such magnifiers are usually X5 or X10 

and effectively increase the stveep rate by that amormt. Most 
oscilloscopcs also provide an  external input to the horizontal 
amplifier. I n  this position, the internally generated saw- 
tooth is disconnected and an external signal may be connected 
to the external horizontal input terminal. Often a com- 
pensated 10X attcnuator is med ivith the external horizontal 
circuitry to provide a tvider range of signal inputs. 
When the oscilloscope has a second s\vecp, this niay I x  used 
to check for normal operation. A cali lmtor signal to the ex- 
ternal liorizontal input checks the operation of a portion of the 
horizontal amplifier. If the instrument has a plug-in hori- 
zontal, rcmo\,ing the plug-in unit should automatically center 
the spot. This is of additional nssistancc \vith oscilloscopcs 
using deflection I~lanking. 1)eflection blanking positions the 
spot offscreen, cxcept during s\\.ecp time, ancl n o  spot can he 
sccn 11); overriding tlic intensity control. 

Switching to tlic cstcrnal input disconnects the s\vecp and is 
a means of deterniining ~vlicthcr a prol~lcm is associated \\.it11 

the horizontal amplifier. At the same time, it can indicate 
the condition of the unl~lnnking circuitry. 

VERTICAL AMPLIFIERS 

The  vertical amplifier de \dops  a plrsh-pull version of the 
input signal from the \ ~ r t i c a l  preamplifier. These siniulta- 
ncous positivc and negative going amplified signal voltages 
are then applicd to the upper and lo\vcr \.ertical deflection 
plates, deflecting the C R T  spot as it traverses the screen. 
Thus, an  accurate amplified reproduction of the original sig- 
nal is displayed on the C R T .  In addition, many oscilloscopes 
provide a vertical signal olrtput ivhich allo\vs the an~plificd 
signal to drive other devices. 

No stage \vlierc clistril~utcd amplifiers arc 11sed should con- 
t r i h t c  more than 2-mm unlnlance. In  addition, t u l m  shoulcl 
I)c s\\.itched so the total unl)alancc of the distril~utccl ampli- 
fiers does not exceed 2 111111. Never mix different brands 
of distril~uted amplifier tul~es. If a distributed amplifier tube 
fails and a replacement is needed, the trigger pickoff tube 
makes an  excellent aged replaccmcnt. The  trigger pickoff 
tu lx  may then be replaced ivith a different brand. 

Comparing similar impedance points can often locate troubles when other techniques fail. In-circuit impedance checks: 
Left, normal operation of the emitter circuit side of a paraphrase amplifier; Center, opposite side of the same para- 
phrase amplifier with open emitter; Right, shorted emitter. 
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I'rol~lem : 

Solution: 

I'roljlcm : 

Solution: 

I'rohlcm: 

Solr~tion: 

I'rol~lcm 

Solution: 

l'rol~lclll 

TYPICAL HORIZONTAL PROBLEMS 

S U ~ I  shortening at  fast s\veep speeds. Nonlinear- 
ity and sometimes s~vecp compression to the right. 

This  problem is typically caused by an open col- 
lector (or  plate) load to one of the stages. An open 
decoupling resistor ivill also cause this prol~lem. 

Compression or expansion of the slveep as it  is 
positioned from one side to the other. 
This probleni is typically caused 11y the diode net- 
\vork Ixt\veen the bases (or  grids) of the amplifier. 
Chcck for leaky diodes. 

I-Iorizontal shift exceeds 1 cnl as line voltage is 
varied from 105-125 V. 
Change t u l m  or transistors. 

I-Iorizontal si\.eep control center position is shiftecl 
and control is nonlinear. 
Check for an open circuit in tlic center tal~pecl 
plate load resistors of the output amplifier. 

: Nonlinear s\\.ccp. 
Solution: Gassy I-IF capacitance driver t u l x  A faulty input 

C;F tu lx  may also cause a sinlilar prol~lem. 

l'rol~lem: Insufficient 1-11; timing range and gain or position 
cffcct. 

Solution: Check tlic horizontal output amplifier for \ \ m k  
tlllIes. 

l'rol,lcm: Position range off-centered. 
Solution: Check tlic input compensated cli\ider of the input 

CF. 

TYPICAL VERTICAL PROBLEMS 

I'rol~lcni: Unbalance greater tlian 0.5 cm. 

Soll~tion: Switch tubes to bring within 0.5 crn of electrical 
center. NOTE-TURN OFF POWER WHEN 
SWITCHING INPUT TUBES. 

Prol~lem: No internal triggering capability. 
Solution: Open plate load inductance of trigger pickoff amp- 

lifiers. 

l'rol~lcm: Bump in display 0.25 ps from I~eginning. 

Solution: Chcck for open or defective termination nctlvork. 

Prol~lem: I)C shift. 
Solution: Check to Ix sure that the plate load resistor is 

correct for the brand of tulles I~eing used. (Resistor 
\.aluc varies \\it11 tube manufacturer other tlian 
original.) If the problem still remains, check the 
filter capacitors. 

Prol~lem: C;athode-Interface-fmt end of pulse varies as 
line voltage is varied from 105-125 V. 

Solution: Replace input tul~es. If problem still remains, re- 
tube the distributed amplifier. 

I'roljlem: Overshoot and ringing. 

Solution: Check collector load resistor for out-of-tolerance 
components. If problems remains, check gain 

potentiometers. Non-Tektronis made gain pots 
may not have the right amount of inductance. 

I'rol~lem : Compression. 

S o l ~ ~ t i o n :  Check diodes in Imse circuits for a shorted diode. 

Type 422 Vertical Amplifier circuit board. Note that transistor sockets are used where possible for servicing convenience. 
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NEW CONCEPTS BOOKS 

Four lie\\- titles have lxen added to the concepts series of 
I~ooks pul~lishecl I)y Tektronix. A total of 14- concepts l~ooks 
are no\\ availahlc fro111 your Tcktronis Field Engineer. Eight 
circuit concepts books and six measurement conceptsl~,ooks 
arc prcscntly in print. 

"S\\.ccp Generator Circuit" is the addition to the circuits 
conccpts scrics and discusses sa\\.tooth \vavcform cliaractcsis- 
tics, thc gated clamp-tnlx p ~ e r a t o r  control circuit, l~oot-  
strap slvecp generators, Miller integrators, and stvecp gen- 
crator control c i r c~~ i t s .  
,- 
Ihrcc  ne\\- titles arc a\.ailal)le in thc measurement concepts 
scrics: "Spectrum Analyzer 34casurements", "1-nginc Analy- . .. 
s ~ s  , and ":'iutomatcd Tcstinx Systems". "Spcctrr~m !'inalp- 
zcr h,Icasurcmcnts" cliscusscs conccpts of R F  spectrllin tuning, 
R F  modulation systems, spectrum anal!.zrr terms, spcctrllnl 
analyzcr characteristics and their relationships, spectrum 
analyzer functional considcrstions, C\\' signal mcasllrcnlent. 
a ~ n l ~ l i t u t l c - n l o d ~ ~ h t i o ~ l  measurcincnt, single-sidcl~and meas- 
urements, pulsed R F  carrier mrasurcmcnts, s\vept freqt~ency 
mcasurcmcnts, fluid \.clocity mensuscments, and \vavcform 
analysis. "Engine Analysis" consists of ignition systenls, icni- 
tion ~vavcform annl>.sis, mayetic: tra~isduccrs, rotational 
function generators, vil~ration transducers, and pressure trans- 

INSTRUMENTS FOR SALE 

1- -Type 535.4, SN 24917 and 1- -Type 
CA, SN 30061. Price: $1,225. 1--Type 
535A, SN 25772 and 1--Type C.4, SN 
30364. Price: $1,225. I-Type 545, 
SN 8225 and 1-Type B, SN 14320. 
Price: $1,200. Recently reconditioned 
and recalibrated. Contact: Mr. Weiss, 
Communications Radio, 150 Jerusalem 
Avenue, Massapequa, New York 1 1758. 
Telephone: (516) 798-7342. 

I--Type 66 1/4S1/5TlA. Good condi- 
tion, small amount of use. Contact: Carl 
Gruber o r  Dr.  Hixson, Electrical E n ~ i -  
neerins Dept., South Dakota School of 
Mines and  Technology, East St. Joe 
Avenue, Rapid City, South Dakota 
57701. Telephone: (605) 394-2291. 

1-Type 535, SN 489. 1-Type L, SN 
010273. 1-Type 53C, SN 730. 1.- 
Tvee G. SN 006777. Contact: Mr. E. 
~ h o m a s :  T h e  Budd Co.. 12141 Charle- 
voix, ~ e t r o i t ,  Michigar; 48215. Tele- 
phone: (313)  822-7000 Ext. 229. 

I-Type 561A/3A3/2B67. Used only 20 
hours. Price: $1,400. Contact: Dick 
Hahn. Telephone: (914) 232-5891. 

I--Type CA, SN 38575. Price: $150. 
1--Type T, SN 2782. Price: $150. Con- 
tact: William H .  Greenbaum, V.P., Uni- 
lux, Inc., 48-20 70th Street, Woodside, 
New York 11377. Telephone: (212) 
651-2258. 

ducers. "Auto~nated Testing Systems" discusses the mclnory 
and  control I~locks (data  disc, punched tape, tape rcaders and 
perforators, thc Type 240 prograni control unit, the Typc 
250 auxiliary prograin nnit, and the Type 241 programmer 
uni t ) ;  thc mcasurenient I~lock (sampling revie~v, the Typc 
R568 oscilloscope-Type 3S6 \.crtical and Type 3TG s\veep, 
the Typc 230 digital  nit, testing systems options); the sti- 
111111~s I11ock ( the  Type R l  16 progralnmal~le pulse generator, 
the Typc R293 programnial~lc pulse generator and po~vcr  
supply, and progra~nmablc po\\.cr supplies); and the fixture 
I~lock, a discussion of fisturing and prol~lems. 

I--Type 422, .4C Model. Used less than 
25 hours. Price: $1,000. Contact: J. M. 
Edelman, M.D., 4550 North Boulevard, 
Baton Rouse, Louisiana 70806. Tele- 
phone: (504) 927-3553. 

1--~-Type 575. Three years old. Will 
calibrate prior to sale. Price: $900. Con- 
tact: I,. M. Buckler, Intech, Inc., 1220 
Coleman Ave., Santa Clara, California 
95050. Telephone: (408) 244-0500. 

1-Type 524D, SN 1186. In operating 
condition. Best reasonable offer Contact: 
J e ~ r y  B e r ~ e r ,  Minneapolis Moline, 301 
Ninth Avenue South, Hopkins, Minnesota 
55343 Telephone: (612) 935-5181 Ext. 
306. 

1 -Type 575, SN 010866. Three years 
old. Price: $950. Contact: Moldscope, 
Inc., l7734y2 Sherman Way, Reseda, 
California 91 335. Telephone: (213) 342- 
5111. 

1-Type 422, SN 003693. Good condi- 
tion. Price: $1000. Contact: Robert Bles- 
sing, National Supply Company, Drawer 
H, Gainesville, Texas 76240. Telephone: 
(817) 465-2811. 

I-Type 514, SN 2907. I-Type 517, 
SN 280 with Duty Cycle Limiter Modifi- 
cation. Contact: R. A. Kern, Link-Belt 
Div. of FMC Corp., P. 0. Box 346, In- 
dianapolis, Indiana 46206. Telephone: 
(317) 632-5411 Ext. 337. 

1-Type 575, SN 002669. Reconditioned. 
Price: $850. Contact: Mobilscope, Inc. 
1734% Sherman Way, Reseda, California 
91335. Telephone: (213) 342-51 11. 
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1- Typc 545B, SN 2529. 1--Type 1A1, 
SN 2029. And 015-0062-00 TV Sync 
Seoatator P ~ i c e :  $1.750. Contact: Robert 
~G) \vn ,  Everett C'al;levision, 2507 Broad- 
\cay Avenue, Everett, Washinston 9820 1. 
Telephone: (206) 259-31 71. 

1 TVIX IAl .  Price: $400. Contact: Mr. 
D c a n ' ~ a l o n e ~ ,  832 Busse High\\,ay, Park 
Ridge, Illinois 60068. 

1--Type 575 Mod 122C, SN 12941. One 
year old. Price: $995. Contact: Alfred 
Gomez, Computer Components Inter- 
national, Inc., 3804 Burns Road, Palm 
Beach Gardens, Florida 33404. Tele- 
phone: (305) 842-4216. 

1--Type 545S6, SN9388. Price: $900 or 
I m t  offer. Contact: Mr. h4. Stepanski, 
Deltron, Inc., Wissahickon Avenue, North 
Wales, Pennsylvania 19454. Telephonr: 
(215) 699-9261. 

INSTRUMENTS WANTED 

1-Type 515A or 516. Any condition. 
Contact: Ray Harland, Route 1, Box 
7 4 5 4  Escondido, California 92025. Telc- 
phone: ( 7  14) 746-4584. 

1- -10 to 20 MHz scope, either single or 
dual channel. Contact: John Ricker, 
1570 Meade Street, Denver, Colorado 
80204. Telephone: (303) 623-6002. 

1--C-12 Camera. Contact: Mr. Dean 
Maloney, 832 Busse Hi~h\vay,  Park 
Ridse, Illinois 60068. 

Printed in U.S.A. 11/69 A-2416 
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I+GATEI El--- 

The Tektronix developed and manufactured M036 selector of one of two balanced input signals. Its more 
Channel Switch lC was developed to fill the need for sophisticated role is in providing signal steering in 
a fast, clean switch with good isolation characteristics. dual-trace vertical and horizontal amplifiers. 

and is the key to much of the versatility of mainframe 
switching in the NEW 7000 Series. One M036 is used The M036 is designed for two balanced input signals 

in both the Vertical Interface and Horizontal Interface 25 mV/division into 50 per side (0.5 mA/div). 

and two are used in the Trigger Selector block. Side-to-side diodes are included inside the IC for 
limiting the differential voltage swing of the output. - 

The channel switch selects one or mixes two analog The risetime of the switch is less than 1 ns and switch- 

input signals in response to a digital input. In its ing time is 20 ns maximum. The IC is also very clean 

simplest application, it is a double-pole, double-throw from chopping transients. 
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Measuring Jitter 
A1 Zimmerman, Program Manager, and George Frye, 
Project Engineer, confer over a 7 T l l  Time-Base Unit. 

with a Sampling Oscilloscope 
By A1 Zimmerman 

COVER-The excellent jitter performance (less than 
l o p s )  is clearly shown on a randomly sampled 
fast rise display. 

The oscilloscope is a useful tool for measuring 
time jitter between two different but repetitive 
events. The sampling oscilloscope is particu- 
larly well-suited for these measurements be- 

7 

- 

cause of its extremely fast sweep rates and low 
internal jitter. Jitter measurement resolution 
to within a few picoseconds may often be 
achieved. 

@ 1970, Tektronix, Inc. All Rights Reserved. 
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Typical examples of time jitter measurements include: 

(a )  Measuring the inter-period jitter of a repetitive 
signal source. 

(b)  Measuring the pretrigger-to-pulse jitter of a pulse 
generator. 

(c) Determining the uncertainty of threshold cross- 
ing detectors (comparators) due to noise, etc. 

(d)  Verifying the oscilloscope's jitter specs. 

SOME TERMINOLOGY 
"Noise" is the term we shall use to describe a random 
broadening of the oscilloscope trace in the vertical direc- 
tion, while "jitter" will be used to describe a random 
broadening in the horizontal direction. In the sampling 
oscilloscope, the apparent trace broadening occurs as in- 
dividual display dots are misplaced along one or both 
axes. 

The causes of noise and jitter are many and varied. 
Some are truly random, or aperiodic, in nature while 
others are uniformly periodic. Unless the noise or jitter 
source is synchronous or very nearly synchronous with 
the oscilloscope sweep rate (or scanning rate in a sam- 
pling oscilloscope), even periodic causes such as hum or 
RF often appear to result in random dot displacements. 
No matter how many or what the causes are, the result 
is a statistical distribution of dots along either a vertical 
or horizontal cross-section of the trace. 

NOISE AND JITTER INTERACTION 
When it comes to measuring jitter, a problem arises 
when noise is also present since these separately-caused 
effects tend to interact in the display. See drawing 1. 
A sloping wave form will suffer both  a vertical broaden- 
ing a n d  a horizontal broadening from either noise or jit- 
ter. While one may always observe noise independently 
by displaying a horizontal baseline, the analogous opera- 
tion for a completely independent jitter observation is 
impossible. In practice, jitter measurements with an os- 
cilloscope must either reduce the  effect of noise to 
the point of insignificance in the display or the jitter 
measurement must  be corrected to remove the effect of 
noise. 

The first approach requires a large dV/dt for the input 
signal relative to vertical volts per division divided by 
horizontal seconds per division in the oscilloscope dis- 
play. This produces a steep slope and may provide the 
required independence of noise and jitter in the display. 
Either the risetime of the available signal, the risetime 

of the oscilloscope, or the permissible signal amplitudes 
may impose the ultimate limit on the dV/dt which may 
be displayed, however. 

It  must also be noted that a large signal should be used 
relative to the inherent noise level of the oscilloscope. 
S imply  turning u p  the  vertical sensitivity (uo l t s /d iv )  to  
get a steeper slope does NOT reduce the  interactive 
effect of noise u p o n  jitter. Anything done to increase the 
signal-to-noise ratio DOES reduce the effect-at ANY 
sensitivity setting. 

The second approach to a solution for this problem in- 
volves a subtractive correction to the observed jitter 
based on measurements of waveform slope and noise. 
Before we describe how to make such a correction, how- 
ever, we need to look further into the question of how to 
measure the observed jitter from a noisy, jittery trace. 

Drawing 7. No noise. 

Drawing 2. Jitter induced by noise. 



THE HUMAN FACTOR 
A significant problem which plagues both noise and jit- 
ter measurements is the subjectivity of display interpre- 
tation. Different people find it difficult to agree on the 
same reading from the oscilloscope screen. The problem 
is due to the "skirts" on the gaussian or near-gaussian 
dot distributions encountered. When asked to describe 
the boundaries or limits of such a distribution, one per- 
son will tend toward a peak-to-peak interpretation 
which includes all the dots while another person will dis- 
count the more widely scattered dots and consider only 
the central portion of the distribution. Since most people 
seem to tend toward the latter interpretation; it is diffi- 
cult to specify or to describe such a display with much 
precision. 

MEASURING NOISE 
In  the April '69 issue of TEKSCOPE, a "tangential 
trace" technique was described for measuring noise dis- 
played on a conventional (non-sampling) oscilloscope. 
The same technique can be used for measuring noise on 
a sampling oscilloscope. A typical setup is shown below. 

Photo 1. Initial setup for tangential noise measurement. 

Photo 2. Final adjustment. Dark band between the noise 
bands has just vanished. 

In  this technique, two traces are produced by adding a 
slow squarewave to the vertical signal and adjusting the 
square-wave amplitude to achieve "tangency" of the 
two traces. I t  can be shown for a gaussian distribution, 
that tangency is achieved when the squarewave value 
(NSw) is exactly twice the RMS noise value." I t  can 
also be shown (see chart 1)  that the displayed noise 
value (ND) which contains 90% of the dots is approxi- 
mately three times the R M S  noise value (NRMs). From 
these relationships the following statement is derived: 

ND E ~ N R M S  = 312 Nsw 

"Garuts, Val., "A Simple Method for Measuring Preamp 
Noise," Tektronix Engineering Instrument Specification 
Guidelines. 

Chart 1. The percentage of dots contained with a cross- 
section of a trace is approximately 90% (3 0). 

MEASURING NOISE (Nsm) 

lox  
ATTEN 



MEASURING JITTER 
Several techniques similar to the tangential-trace meth- 
od for measuring noise have been suggested for measur- 
ing the horizontally summed effects of time jitter and 
and noise which we shall simply call "observed jitter". 
One of these techniques is shown below ( J w ) .  Here a 
square wave is added to the slow speed horizontal signal 
causing the displacement of a fast-rising portion of the 
display. The square-wave amplitude is again adjusted 
to achieve tangency, but this time its value must be 
in terms of the resulting time displacement of the tan- 
gent traces. This is most easily done by switching to 
MANUAL SCAN 'on the sampling sweep and observ- 
ing the effective time displacement caused by the square 
wave alone. The resulting jitter relationships are: 

MEASURING JITTER (Jsw) 

CORRECTING FOR NOISE 
I t  must be emphasized that the display-jitter measure- 
ment described inc ludes  a contribution due to vertical 
noise. If one wishes to describe the t i m e  jitter indepen- 
dently from the induced contribution from noise, i t  will 
be necessary to subtract out this contribution. Thus, 
noise-corrected time jitter (JNC) may be easily found 

EXTHORIZ LN 

I \ ' - 
JNc tJD2 - (&I2 slope 

where the slope is simply AY/AX of the waveform in the 
display. All values shown include approximately 90% of 
the displayed dots along a vertical or horizontal cross- 
section. 
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Since the jitter introduced by the oscilloscope itself 
( Jo, usually less than 20 ps) may be a significant part of 

A 

I 

the observed jitter, it may be desired to make a similar 
subtractive correction for it as well. Oscilloscope jitter 
may be determined by viewing the triggering event 
directly and then making a noise correction as described 
above. The complete formula for time jitter corrected 
for noise and scope jitter ( J )  then becomes: 

Using the techniques discussed, the effects of noise and 
human interpretation may be reduced to allow repeat- 
able jitter measurements to within a few picoseconds 
with a sampling oscilloscope. 

PROCEDURE FOR DETERMINING NOISE AND JITTER 

1. Adjust R for tangency. 1. Adjust R for tangency of the two step transi- 
tions. 

2. Remove the lox attenuator (applying the 
squarewave signal directly.) 2. Set IS1 to MAN SCAN. 

3. Measure the trace separation in volts directly 3. Measure the squarewave amplitude at A. ( E T A N )  

on the screen. (ESEp) 

~ S E P  4. Nsw (in volts) = - 
10 

4. Adjust R for 8 cm deflection. 

5. Again measure the squarewave amplitude at A. 
(EBCM) 

6. Jsw (in seconds) = -- E ~ ~ N  x (Time/Div) x 8 
EBCM 



Basic 
A brief description of the three major modes of sampling 

Three new sampling units are the building blocks for 
sampling performance with the Tektronix 7000 Series. 
The 7Sll Sampling Unit accepts any one of 5 sampling 
heads that cover the measurement spectrum from LF, 
high Z (350 MHz, 1-Ma input) to HF, low Z (14 GHz, 
5 0 4  input). The 7T l l  Sampling Time Base provides 
random, sequential, and real-time sampling displays and 
covers the range of 5 ms/div to 10 ps/div. A built-in 
VHF synchronizer provides the ability to view 12.4 GHz 
signals without requiring additional equipment. The 
7Ml l  is a dual 75-31s delay line unit designed for 
the viewing of triggering events in low repetition rate 
applications. 

The use of random sampling permits the user to observe 
prior to, coincident with, or after the displayed signal 
without sacrificing display lead time. Thus, the random 
sampling oscilloscope provides an important measure- 
ment capability that conventional oscilloscopes do not 
provide (i.e., look ahead of the triggering point). 

The timing circuitry used in the 7T l l  uses a time mea- 
surement rather than a time programming process for 
horizontal sample positioning in equivalent time. That 
is, the horizontal position of the dot on the screen is de- 
termined by the measurement of the time interval be- 
tween strobe and trigger. The same process is used in 
both Random and Sequential operation, with only the 
method of strobe timing changing between the two 
modes. The staircase generator now never drives the 
CRT directly-it is only used as a reference source of 
voltage. 

Two major advantages are achieved by this method: 

1) Improved timing linearity, especially at the start of 
the slewing ramp; starting transients in the slew ramp 
show up as dot position nonlinearities instead of tim- 
ing nonlinearities. 

2 )  Reduced display jitter. Comparator noise that re- 
sults in strobe jitter shows up as dot jitter, not display 
jitter. The display jitter displayed becomes a function 
of the noise level of the integrator circuit used for the 
time measurement plus the few picoseconds of jitter 
in the trigger recognition and strobe drive circuits. 
This new development provides a display jitter speci- 
fication of less than 10 ps. 

The Random Sampling process is composed of two basic 
operations : 

1. Originating the sample pulses randomly distributed 
in a time window around the part of the signal to be 
displayed. 

2. Constructing a pulse display by deriving two ana- 
log signals, representing X and Y coordinates, from a 
series of those samples. 

'To originate sample pulses, the ratemeter measures the 
trigger rep rate and starts the slew ramp to generate sam- 
ples within the time window. The Time-to-Height Con- 
verter (T'I'H) includes two stop inputs, one + and one 
-. When the ratemeter produces a start command at a 
programmed time before the predicted arrival of the 
Trigger event, the Slew Ramp runs and produces a 
strobe when a comparison with the staircase is made. 
(Note-There is no fixed time between the slew ramp 
and the next trigger signal.) The T T H  does not initially 
make any output excursion, because the + input signal 
equals the - input. If the trigger arrives first, a + stop 
command occurs and the TTH runs negative until a 
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Three versatile new Tektronix Sampling Units. From left: 7 S l l  Sampling Amplifier, 7 T l l  Sampling Time Base, and the 7 M l l  
Dual Delay Line. 

CASE I CASE 2 CASE 3 

I to = Start Command from Ratemeter ts = Strobe tt = Trigger Event Arrival 

Fig. 1. Random sampling time relationships. Case 1 illustrates the condition where the strobe occurs before the trigger. 
Case 2 illustrates the condition where the strobe and trigger are coincident. Case 3 illustrates the condition where the strobe 
occurs after the trigger. 

strobe drive pulse and - stop command comes from the 
comparator. The dot is then deflected to the right of 
the center on the CRT. If the Trigger and Strobe events 
both happen simultaneously, the T T H ,  produces no 
change in output voltage. If the Strobe occurs before the 
trigger, then the T T H  runs positive and the dot moves 
to the left a distance proportional to the time difference. 
'The ratemeter provides maximum display dot density 
by gathering the samples around just that section of the 
waveform that is used for the CRT display. 

The samples which fall outside the time window do not 
have any contribution to the display construction and are 
kept as few as possible. If too many samples fall outside 
the time window, an error signal is generated to improve 
the ratemeter "guess". This ensures that the horizontal 
signal tracks with the staircase over the average of many 
samples. 

In sequential sampling, the sampler is programmed to 
produce strobes when commanded by the 7Tl l .  The 
block diagram shows a T T H  added to the standard 
sequential sampling time-base. A slew ramp is used 
as is a staircase generator and comparator. The major 
differences from conventional sampling circuitry is that 

the staircase generator does not drive the CRT directly. 
Instead the strobe drive from the comparator occurs at a 
programmed point in time. The T T H  then measures 
the difference in time between the 'Trigger and Strobe 
drive events and places the dot on screen at a position 
corresponding to that point in time where the strobe ac- 
tually occurred (which may not be exactly the same as 
where it was programmed to occur). The ramp rates of 
the T T H  and the slew ramp are equal. 

The basic block diagram for real-time sampling is very 
similar to that of a standard real-time oscilloscope. The 
arrival of a trigger starts the timing ramp, or TTH.  The 
Sampler is programmed to free run. When a strobe 
occurs, the Real-Time Multivibrator (MV) fires, caus- 
ing the gate to conduct. The Memory tracks along with 
the T T H  ramp until the gate quits conducting. I t  then 
remains at that level until the next strobe arrives. 

The width of the Memory gate strobe sets the lead time 
( ~ 3  p )  of the instrument. The display appears as a 
series of dots starting from the left-hand side of the 
screen. For each triggering event, one sweep across the 
screen is produced with each dot spaced about 20 ps from 
the preceding one. 



By Rich Nute 

The basic purpose of specifying product performance is 
to allow comparisons with competitive products or other 
methods of measurement. This article discusses the rea- 
sons for specifications and explains some of the criteria 
for Tektronix specifications. 

WHY SPECIFY? 
Specifications arise from the need to describe products 
as clearly as possible. When a product provides a mea- 
surement capability, the user must know, first, what 
functions it performs, and second, how well it performs 
those functions. 

The oscilloscope is a tool that measures amplitude as a 
function of time. The tool is chosen based upon the 
user's needs for amplitude and time measurement. Thus, 
we need to know both the functions and how well it 
performs. We specify that the user can determine (1) 
whether a given product can make his measurements, 
and (2 )  whether the measurement can be made with the 
desired accuracy. 

WHAT IS A SPECIFICATION? 
A specification is a series of statements listing the func- 
tions of a product and describing how well those func- 
tions are performed. The specification describes the 
product, but it differs from other descriptions: It  is 
absolutely factual, and subjective modifiers are avoided. 

We don't say "good stability" or "wide range". These 
are subjective expressions-How good is "good" sta- 
bility for circuit design applications? "Wide" band- 
width oscilloscopes used for computer design are quite 
different from "wide" bandwidth oscilloscopes for T V  
service work. 

Specifications provide no judgements to simplify the in- 
formation contained in them. Each statement carries 
equal weight with all other statements. No prior judge- 
ment is made that one statement is more important than 
another. The bandwidth statement of an oscilloscope 
vertical amplifier gets the same emphasis as does the 
sweep output statement. The specification is a technical, 
impersonal statement objectively describing functions 
and performance. 

A specification is an assertion which claims to be true. 
Therefore, a specification statement must be verifiable. 
Verification is an essential part of every specification. 
The verification procedure should be implied by the 
specification statement. Tektronix instruction manuals 
contain a performance check section which describes 
in detail how to verify all specification statements. 



Rich Nute, Component Evaluation Manager 

SPECIFICATION STATEMENTS 

Specification statements fall into two major categories: 
function and performance. In designing (and using) a 
specification, functions must be described before perfor- 
mance may be described. 

A qualitative statement describes the functions of a tool. 
Most instrument functions are represented on the front 
panel of a measuring instrument. For example, an os- 
cilloscope dual-trace vertical amplifier mode switch indi- 
cates functions. Channel 1, Alternate, Added, Chopped, 
and Channel 2 are mode descriptions that provide essen- 
tial function information. Verification of qualitative 
specification statements is made by observation-the in- 
strument either possesses these qualities (functions) or 

it does not. Qualitative statements describe the controls 
and functions of the instrument. 

A quantitative statement defines the performance of the 
tool. Performance is determined by how well a given 
function does its job. The vertical system of an oscillo- 
scope displays signals at 5 mV/div-function. Its accu- 
racy is 3% of 5 mV/div-performance. Verification of 
quantitative specification statements is made by mea- 
surement-a comparison with a standard. Performance 
statements provide a figure of merit for comparison of 
measurement tools, and, therefore, are the more impor- 
tant of the two kinds of specification statements. 

A quantitative statement consists of two parts: A defini- 
tion of the characteristic being specified, and the value 
assigned to that characteristic. In  other words, a param- 
eter and its limits. 



PARAMETERS 
A parameter is an arbitrary constant to which values 
(limits) may be assigned. There are relatively few real 
parameters used to specify analog oscilloscopes, but 
these are used over and over again in describing perfor- 
mance. For example: 

PARAMETER 

Accuracy : 

Range : 

Magnitude : 

Stability: 

Repeatability : 

Rate : 

EXAMPLE 

Vertical deflection factor accuracy. 
Time-base accuracy. 

DC offset range. Frequency re- 
sponse range. 

Sensitivity. Sweep output ampli- 
tude. 

Drift with temperature. 

This parameter is not usually speci- 
fied for oscilloscopes. (Repeatabilty 
is sometimes erroneously assumed to 
be the same as accuracy.) 

This parameter is not directly speci- 
fied for oscilloscopes; an example is 
sweep repetition rate, but this is 
usually implied by specifying sweep 
hold-off time. 

Often, specifi~ations are unclear because of poorly de- 
fined parameters. Avoiding vague specifications is a 
prime consideration in designing a product specification. 

The most crucial test of a specification statement is to 
ask, "How can this be verified?" If the parameter can- 
not be measured or interpreted without further defini- 
tions and qualifications, then it cannot be useful. The 
specification must describe the products as clearly as 
possible. 

LIMITS 
Associated with each parameter is a set of limits, high 
and low. I n  a specification, the limits define the bounds 
of performance. The vertical deflection factor accuracy 
(parameter) is within 3% (performance limits) of indi- 
cated deflection factor. The limits of a parameter are 
described with words such as: 

Within 3% of indicated value 
'I ns or less 
At least 150 MHz 

In this way, we define the performance limits of a 
product. 

However, the word "limits" can be taken in two ways. 
In one sense every product has performance limits. 
I t  doesn't do all we want it to do. An oscilloscope 
may be limited to 50-MHz frequency response. In a 
different sense, vertical deflection factor may be accu- 
rate within 3%. Because this limit is specified, the 
oscilloscope is an accurate measuring tool of known 
performance. 

ERRORS 
No product does its job perfectly. There are always 
errors introduced by the measuring tool. Errors are usu- 
ally expressed as a percentage. Whenever percentage is 
used, the question must always be asked, "Percentage 
of what?" Though not expressly stated, it is implied to 
be "of indicated deflection factor". Or, we can turn 
this around and say that the signal may be 3% different 
than measured. 

DlVlSlONSOF DEFLECTIONS 

Fig. 1. The straight line indicates a cumulative error while 
the curved line indicates a discrete error. 

DlVlSlONSOF DEFLECTIONS 

Fig. 2. Combined cumulative and discrete errors. 
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Fig. 3. Typical Oscilloscope Step Response. 

Errors are of two types, cumulative and discrete. A 
cumulative error is expressed as a percentage of indicat- 
ed value. An oscilloscope time base contains cumula- 
tive errors. No matter what sweep speed is used, the 
error is a constant, e.g., 3% of indicated value. 

A discrete error is expressed as a magnitude. When 
reading values of a signal on the CRT, the center of the 
trace is uncertain. If the trace is 0.04 divisions wide, 
then this is a constant error. For a time-interval mea- 
surement of 0.4 divisions, the error is 20%. For a time- 
interval measurement of 8 divisions, the error is 1.0%. 
For a discrete error, the percentage error changes with 
magnitude. 

Oscilloscope sweep delay specifications combine both 
cumulative and discrete error statements. Accuracy 
statements take the form "within 1% and 0.02 multiplier 
divisions". 

Even with this rigorous approach to designing specifica- 
tions, some statements are still not clear because of the 
lack of a standard for comparison. Oscilloscope step re- 
sponse is an outstanding example. Even if there were a 
perfect step from which to measure step response, 
there is no mechanism to clearly convey the deviation 
from that perfect step. If aberrations are 3% or less, a 
useful picture is still not conveyed since many different 
responses are possible within the band provided. 

In  spite of efforts to be as complete and thorough as pos- 
sible in designing a specification, it is the responsibility 
of the user to interpret specifications. Specifications are 
written as independent functions-that is, each state- 

ment should stand by itself, regardless of other functions. 
As a result, all electrical statements are true over the en- 
tire specified temperature range. 

A specification must compromise statements for the sake 
of clarity and assume that the user can determine the 
modifying conditions of other specification statements. 
When vertical deflection factor accuracy is specified 
within 3741, we do not qualify this statement as a func- 
tion of frequency. The frequency response of an oscil- 
loscope is defined at its -3 dB point, which is a 30% 
error in deflection factor accuracy. The user must put 
these two pieces of information together and determine 
that the oscilloscope exceeds its 3% accuracy limit well 
below its -3 dB frequency. 
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Fig. 4. Oscilloscope Frequency Response. Note that 3% 
deflection accuracy is exceeded far below the -3 dB point. 

Specifications have both positive and negative connota- 
tions. We specify because we want to call attention to a 
particular measurement capability-for example, accu- 
racy. Conversely, we must specify negative attributes of 
oscilloscopes to keep the user from assuming an error 
does not exist. 

No oscilloscope has perfect step response. Therefore, if 
we say aberrations are within 3% of the input signal, 
there is a negative connotation about performance. 
Thus, limits define both intended performance (accu- 
racy) and unintended performance (aberrations). 

At Tektronix, everyone is concerned about specifications 
because the specifications describe and characterize the 
product. The ideas presented here are the result of the 
contributions of Tektronix people-Design Engineers, 
Calibrators, Manual Writers, Advertising Writers, Field 
Engineers, and ~usto&ers. 



SERVIC E 

TROUBLESHOOTING PREAMPLIFIERS 

By Charles Phillips 
Product Service Technician 

Factory Service Center 

T h i s  sixth article i n  a series discusses troubleshooting 
techniques i n  the  preamplifiers of Tek t ron ix  instruments.  
For copies o f  the  preceding five T E K S C O P E  articles, 
please contact your local field engineer. 

Substituting vertical preamplifier plug-in units is an excel- 
lent means of checking performance to the vertical amplifier 
input. Once a problem is isolated to a specific plug-in unit, 
plug-in circuit boards may isolate the problem even further. 
Once a problem has been traced to a specific block, a close 
visual check may pinpoint the problem. Often, burned com- 
ponents or loose leads can be, spotted that shorten the 
troubleshooting job. Substituting the tubes or transistors of- 
fers a quick means of checking a suspected stage. Always re- 
turn the original component to its place if the problem 
remains. 

In the case of a plug-in, be certain the plug-in is seated prop- 
erly and that there is no open connection. Plug-ins that use 
interlocks are particularly susceptible to this type of problem. 
Place the input selector to the DC position and turn off XI0 
amplifiers if they are available. 

When troubleshooting a new instrument, take some time to 
familiarize yourself with the block diagram. Spending a few 
minutes with the instrument manual can give valuable insight 
into the particular problem. 

When no spot is seen, use the trace finder or the position 
indicator to see which direction the spot is deflected. Use 
the position controls to see whether the display may be cen- 
tered. Should the indicator lights show that the trace is de- 
flected off screen, invert the display. If the display goes 
off screen in the other direction, the problem is before the 
invert switch. 

For problems after the invert switch, use a shorting strap, 
and starting with the output stages of the preamplifier, work 
stage by stage towards the input amplifier. The stage is work- 
ing normally when the signal short causes a trace near the 
vertical center line of the CRT. A defective stage is indi- 
cated by the short not centering the trace on the CRT. 

If the amplifier is well-balanced, the position control will be 
close to midrange when the trace is centered. If a problem 
exists, switch the output stages to obtain balance near the po- 
tentiometer midrange point. 



Select output tubes or transistors so that the trace may be 
positioned off screen in both directions. 

Set the calibrator to a convenient figure such as 1 V. Adjust 
the vertical sensitivity to 0.2 V/div and select a single channel 
mode. Position controls and the attenuator balance should 
be adjusted midrange. In  some cases, it is convenient to turn 
the variable gain counterclockwise to lessen the effect of the 
attenuator balance control. 

Attenuator error with 4 div of deflection (2% % per mm). 

Attenuator error with 10 div of deflection (1% per mm). 
Centerline reference. 

Good balance is particularly important in multi-trace instru- 
ments. For example, good balance is indicated by both traces 
of a dual trace being within a centimeter of center screen. 
It's often wise to switch tubes or transistors until A is the 
upper trace and B is the lower trace (when all controls are 
centered). In  general, when tubes are replaced by raw tubes, 
be certain to operate the instrument overnight and rebalance. 

A technique that may be used to optimize attenuator accu- 
racy is to apply 10 centimeters of C R T  deflection and use 

the oscilloscope as a null detector. This method is particular- 

ly valuable on oscilloscopa with limited vertical scan. By 
using the center line as a reference, DC couple a signal 10 
times the attenuator setting on the straight-thru attenuator 
position. 

For example, at 50 mV/div, apply a 500-mV signal to the in- 
put. Position the trace so the upper portion of the waveform 
is aligned with a convenient vertical reference. Check each 
attenuator position for deviation always keeping the ratio 
of signal to attenuator 10:l. Under these conditions, each 
mm of C R T  display is equal to 1% error. This method 
provides much greater resolution since C R T  characteristics 
(geometry, compression, expansion, edge defocusing, etc.) do 
not enter into the measurement accuracy. After the attenu- 
ator ratios are checked for proper values, then gain can be set. 

Problem: Microphonic noise that appears when switches 
and controls are moved. A simple consistent 
method of checking microphonics is to rap the in- 
strument at  the top of the front panel firmly 
with the palm of your hand. 

Solution: Tubes are the most common offenders. Replace 
as required. If a control or switch is noisy, spray 
a good contact cleaner directly on the contacts. 
For noisy potentiometers, use a hypodermic nee- 
dle and insert one drop on the shaft, contact, and 
seams. Do not remove the potentiometer covers. 
In  the case of intermittent problems, rotate the 
instrument in 90" increments and make the above 
microphonic check on each axis. 

Problem: Grid current gain error on DC measurements. If 
grid current causes a 4-cm signal reference to 
shift 2 mm, the error is 5%. Check by selecting a 
reference line on the most sensitive attenuator po- 
sition. Terminate the input with a 50-Q termina- 
tion and keep within 2-mm maximum trace shift. 

Solution: Replace input tube to correct this problem. 

Problem: Input cap leakage causes the trace to go off 
screen when operating in the AC mode with a 
DC voltage applied. For example, at 5-mV sensi- 
tivity when checking power supply ripple, 50 mV 
of leakage will cause the display to be positioned 
off screen. T o  check for cap leakage, go to the 
AC position and center the trace a t  50 mV/div 
sensitivity. Apply ~ 5 0 0  V to the input and see 
how far the trace moves. 

Solution: The capacitor should be replaced if trace shift 
exceeds 50 mV. 

Problem: Input capacitance range incorrect. I t  is important 
that all attenuator ranges have an equal R C  so 
the probe doesn't have to be re-adjusted as the 
volts/div is changed. When calibrating-if you 
have dual channels, you want both channels to 
match. 

Solution: Physical arrangement of the input coupling cap 
can alter the capacitance range of the adjustment 
if needed. If a capacitance normalizer isn't avail- 
able, one channel input C can be set to midrange 
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and a 10X probe used to compensate the other 
dividers. 

Position balance and range. If amp is balanced, 
the position control will be close to midrange 
when trace is centered and this will allow the 
position control to move the trace off screen in 
either direction. 

Switch output stages to get proper balance. 

Spike on front end of fast rise pulse that cannot 
be adjusted out. (Cathode interface.) Because 
D C  filaments are used in nearly all plug-ins, vary- 
ing line voltage does not change the pulse leading 
edge as it does in an oscilloscope amplifier. 

Replace output amplifier tubes or plate load 
resistors. 

Tilt on chopped waveshape exceeds 1 mm. 

Select balance amplifier tubes (or transistors) for 
minimum tilt. Check for leakage in one or more 
of the switching diodes. 

Interactive trace display, trace is displaced as 
other trace is positioned across it. 

Check for leaky diodes in switching circuit. 

Bandpass of each channel of a multi-trace unit 
does not match. 

Select input cathode followers or switch for 
match. 

Tektronix plug-in preamplifiers are manufactured in several 
different configurations. Upper-Letter-Series and 560-Series 
Plug-Ins. Lower-New 7000-Series Plug-In. 

SOLDERING IRON SAFETY TIP 

Here's a convenient tip to prevent light weight pencil sol- 
dering irons from continually falling on the floor. The small 
15-watt irons now commonly in use for circuit board work 
often fall from their holders when their cord is brushed. 

Take a 6-inch piece of 14 or 16 gauge wire and place a U- 
shaped bend in the center of the wire. A little experiment- 
ing will quickly find the optimum wire shape to securely 
hold the iron in place. Adjust the wire so the iron must be 
lifted to be removed from its holder. Attach the wire to the 
holder with two right angle bends at the extremes of the 
wire. 

The same technique will also work for the larger 25 and 40 
watt irons. 

NEW SOLDERING IRON DESIGN 

New soldering irons are currently available that are par- 
ticularly convenient for your circuit board work. The model 
shown utilizes a built-in solder remover and makes use of 
special tips with holes in them. The solder is drawn into the 
tip as the bulb is depressed, thus simplifying the repair job. 

An additional advantage of this design is that when removing 
components from printed circuit boards the hole in the tip 
provides a convenient method of straightening the ends of the 
wire. Thus, the component can be removed neatly and 
cleanly with minimum interference with the board. 
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USED INSTRUMENTS 
__ - 

1-Type 546, SN 002286 with CA plug- 
in. Three months old. Price: $1850. 
Will deliver within 100 mile radius. 
Contact: Mr. Porter Schultz, Box 247, 
Aptos, California 95003. Telephone: 
(408) 722-4177. 

1-Type 535A, SN 24917. Price: $1000. 
1-Type 535A, SN 25772. Price: $1000. 
1-Type CA, SN 30061. Price: $225. 
1-Type B, SN 14320. Price: $100. 
Contact: Mr. Charles Weiss, Communi- 
cation Radio, 150 Jerusalem Avenue, 
Massapequa Park, New York 11762. 

INSTRUMENTS FOR SALE 

1-Type 547, SN 4975. 1-Type lAl ,  
SN 13860. 1-Type 202-2. All in excel- 
lent condition. All for $2,000. Contact: 
Sterling Bradley, 717 Goodyear, Irving, 
Texas 75060. Telephone: (214) 255- 
7071. 1-Type 502A, SN 206670. Price: $700. 

1-Type 502, SN 5769, modified to a 
502A. Price: $700. Contact: Mr. 
Herbert Grams, Lawson Co., 201 1 West 
Hastings, Chicago, Illinois 60608. Tele- 
phone: (312) 226-5300, Ext. 340. 

1-Type 575, SN 010888. Excellent con- 
dition. Contact: Jack Cannon, EE Dept., 
Vanderbilt University, Nashville, Tennes- 
see 37203. Telephone: (615) 254-541 1. 

1-Type 535, SN 11516. 1-Type K, SN 
012282. Price: $525. Contact: John 
Phelps, General Electric Co., Electron- 
ics Park, Bldg. 9, Rm. 117, Syracuse, 
New York 13201. Telephone: (315) 
456-3763. 

1-Type 514 AD, SN 3708. 1-Type 512, 
SN 3286. 1-Type 315, SN 2207. 1- 
Type 531/53A, SN 17141597. 1-Type 
531/53B, SN 336611736. 1-Type 5311 
53B, SN 61912672. 1-Type 121. Con- 
tact: Fred Muessigmann, Watson In- 
strument Co., 446 Lancaster Avenue, 
Malvern, Pennsylvania 19355. Tele- 
phone: (215) 647-3777. 

1-Type 323, SN 300822. Price: $900. 
Contact: Melvin A. Holznagel, Route 4, 
Box 273A, Sherwood, Oregon 97140. 
Telephone: (503) 625-7121. 

1-Type 316. Perfect condition. Price: 
$400. Contact: N.C. Planning Dept., 
Fenn Mfg. Co., Fenn Road, Newington, 
Connecticut 061 11. Telephone: (203) 
666-247 1. 1-Type 1A7A, SN 20351. Price: $450. 

Contact: Wilhelm F. Kartak, 10720 
S. W. Fonner, Tigard, Oregon 97223. 
Telephone: (503) 639-4568. 

1-Type 63, SN 283. Factory recondi- 
tioned. Used approximately 8 months. 
Price: $100. 1-Type 2B67, SN 25788. 
Used approximately 8 months. Price: 
$200. Contact: Roger Kloepfer. Tele- 
phone: (517) 487-6111, Ext. 231. 

1-Type N, SN 335. 1-Type 280, SN 
246. Recently completely recalibrated 
and are in very good condition. Con- 
tact: Mr. Warren Herne, Teledyne, Inc., 
Crystalonics Div., 147 Sherman St., 
Cambridge, Massachusetts 02140. Tele- 
phone: (617) 491-1670. 

1-Type 561A. Approximately 5 years 
old. Price: $600. Contact: Mr. R. C. 
Dodds, 4932 Glacier, San Diego, Cali- 
fornia 921 12. Telephone: (714) 287- 
1280. 1-Type 1Al. 1-Type 1A2. 1-Type 

516. All instruments are about 1 year 
old. Contact: Lee Merritt, Interactive 
Data Systems, 17785 Skypark Circle, 
Irvine, California 92664. Telephone: 
(714) 549-3329. 

2-Type 535A, SN 32495 and SN 32335. 
Both with CA  lug-ins. Price: $830. 
(Each). Contact: d b Electronic Enter- 
prises, 13526 Pyramid Drive, Dallas, 
Texas 75234. Telephone: (2 14) 241- 
2888. 

1-Type 576, SN 004583. Excellent con- 
dition, used very little. Completely re- 
calibrated. Price: $900. Contact: Car- 
rier Corp., Carrier Parkway, Syracuse, 
New York 13201. Attn: Jack Fields. 
Telephone: (315) 463-841 1, Ext. 3365 
or 3366. 

1-Type 453, SN 28439 with Type 
P6010. Never used. Price: $1,400. Con- 
tact: Mr. George Patterson. Telephone: 
(313) 663-8791. 1-Type 502A, SN 26362. Price: $750. 

Approximately 2 years old, in good 
shape. Contact: Cort Platt Metrology, 
Inc., 126 Jackson Avenue North, Hop- 
ins, Minnesota 55343. Telephone: (612) 
935-1441. 

INSTRUMENTS WANTED 1-Type 3A7 Plug-In, SN 513. New. 
Contact: Marty Husmann, Eastman Ko- 
dak Co., 925 Page Mill Road, Palo Al- 
to, California 94304. Telephone: (415) 
327-7200. 

1--Used 3B3 Time Base Unit. 1-2 years 
old. Contact: Roger Kloepfer. Telephone: 
(517) 487-6111, Ext. 231. 

1-Type 503, SN 008159. Price: $550. 
Includes table and miscellaneous acces- 
sories. Contact: Wesley Wilson, Jr., Wes- 
ley L. Wilson Company, 5938 West 
Montrose Avenue, Chicago, Illinois 
60634. Telephone: (312) 282-5535. 

1-Type R543B, SN 00910 with Type H, 
SN 015509. Like new. Price: $1000. 
Contact: Terry Wilson, Communications 
Contact, Inc., 618 National Avenue, Mt. 
View, California 94040. Telephone: 
(415) 961-1480. 

1-Used 6 I1 Oscilloscope. Contact: Mr. 
R. H. Roberts, Dallas Cap and Emblem, 
2924 Main Street, Dallas, Texas 75226. 
Telephone: (214) 742-451 1. 

1-Type 647A with plug-ins. Consider 
Type 647 if very reasonable. Any con- 
dition. Contact: John H. Cone, 775 
South Madison, Pasadma, California 
91 106. Telephone: (213) 792-5271 noon 
to midnight. 

1-Type B, SN 018696. Excellent con- 
dition. Contact: J. P. Stein, Emcee 
Electronics, Inc., P. 0 .  Box 32, 177 
Old Churchmans Road, New Castle, 
Delaware 19720. 

1-Type 3A9. Contact: George H. Hal- 
sey, 45 Foundry Avenue, Indiana, Penn- 
sylvania 15701. Telephone: (412) 463- 
7446. 

1-Type 514D. Excellent condition. 
Price: $300. Contact: D. D. Brunnen- 
meyer, 2533 Clear Lake Way, Sacra- 
mento, California 95826. Telephone: 
(916) 363-2730. 

1-Type 514D, SN 1163. Price: $300. 
Contact: Mr. Leonard Valle, 3143 Mil- 
dred Street, Wayne, Michigan. Tele- 
phone: (313) 722-2185. 

1-Type 519. Contact: George Lichter- 
man, R. E. Goodheart Co., Inc., P. 0. 
Box 1220, Beverly Hills, California 
90213. Telephone: (213) 272-5707. 
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454,4453 

January 12-23 
March 16-27 
June 1-12 

August 17-28 
November 2-1 3 

BS&/453/!22 

January 12-30 
March 16-April 3 

June 1-19 
August 17-September 4 

November 2-20 

May 4-1 5 
October 5-16 

May 4-22 
October 5-23 

580/54Q 

February 2-13 
April 13-24 

September 14-25 
November 30-December 11 

February 2-20 
April 13-May 1 

November 30-December 18 

April 13-May 1 
August 17-September 4 

February 23-March 6 
July 27-August 7 

February 23-March 13 
July 27-August 14 

May 4-1 5 
October 5-16 

May 4-22 
October 5-23 

March 23-April 3 
September 14-25 

Sampling and Readout 
561 B/3S76/3T77A/GRlA 

March 23-April 10 
September 14-October 2 

Sarnpring and Readout 

February 16-March 6 
June 8-26 

November 30-December 18 

August 3-1 4 

New Generation 

November 30-December 18 

January 12-February 6 
March 9-April 3 
April 13-May 8 

July 6-31 
September 14-October 9 
October 19-November 13 
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A DUAL-BEAM FAMILY 
Now both dual-beam storage and non-storage 
oscilloscopes are available with large screen and 
auto scale-factor readout. Measurement ease 
and accuracy are increased by human engineer- 
ing and performance features. 

LARGE SCREEN AND READOUT 

COVER-Long-term changes in a voltage controlled 
filter response curve are plotted by both beams of 
the 5031 Split-Screen Storage Oscilloscope. This 
instrument is holding and simultaneously display- 
ing "history" as new information is recorded and 
erased. 

The new, 50% larger screen area plus scale-factor read- 
out displays more information than previously possible. 
These unique features provide new measurement ease 
in this complete family of dual-beam oscilloscopes. All 
six instruments have a display area of approximately 
10 x 12.5 centimeters. The internal graticule is scaled 
in an 8 x 10 division format on the 6%-inch dual-beam 
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A cabling change is installed by Prototype Technician, San- 
dra Lowe. Superior construction starts early in Tektronix 
instruments. 

CK?' and  the large-screen area of the 5030 ancl 5031 
oscilloscopes allo\vs generous separation of displays. For 
example, a display of two \va\.eforms, each occupying 
4 centimeters, will he separated by 2 centimeters. 

This d ~ ~ a l - b e a m  series uses no time sharing as is re- 
quired in a dual-trace instrument. The  possible errors 
in time correlation between traces in dual-trace alter- 
nated rnocles are eliminated ancl true simultaneous d r~a l  
displays are established. No resort to special control 
setups ancl trigger sources is necessary. Each incle- 
pendent beam has its own \.crtical amplifier and sep- 
arate intensity control, and one time base drives both 
beams simultaneously. 

The 5030/5031 Series uses fiber optic readouts to ease 
interpretation of deflection factors for both \.ism1 obser- 
vation and  photographic recording. The  large fiber optic 
readout panel (located just to the right of the C R T )  
places each scale factor in the logical place; where the 
operator is looking. The  user is not distracted by 
searching for scale factors near the knobs where most 
instruments locate this information. 

Each readout is acti\atecl by the amplifier ancl time- 
base controls that affect chanqes in calibration and 
rnocles of deflection. Voltaqe, cunrent and time units 
are all automatically selected b) the same switches that 
control the in te~nal  circuitry used foi these three modes 
The automatic display of scale factols includes indica- 
tion of a n  uncalibratecl condition clurin~ the use of a 
variable time or deflection scnsiti~ ity control. When an 
operator wants to use a variable control, he pushes the 
recessed control causing it to pop out to an active posi- 
tion. An actke  variable will be indicated by a greater 
than sign (>) just to the left of the applopriate read- 
out. A second push ren~o\~es  the > sign from the read- 
out and restores calibrated opelation. 

The user will see a crisp, high-resolution display over the 
full screen for both beams, as a sharp presentation is 
maintained at  \ .a r id  intensity settings with no adjust- 
ment. There arc no front panel focus or astigmatism 
controls to contend with. Deflection defocus is less than 
1.5 to 1 on any axis. T o  assure display accuracy, an ad- 
ditional deflection element has been added to the CRT.  
This element is driven by an active geometry circuit that 
corrects geometry d)namically rvith beam position infor- 
mation. 

CONTROL LOGIC 

A versatile, singlc-beam instrument has many modes of 
operation. A versatile? dual-beam scope should have 
more modes than a single-beam unit. The  5030/5031 
Series has this mode \wsatility, but it does not add 
complexity to the operator's tasks. 

Instrumirnt clesign c\-ol\m o \ w  a period of time and re- 
flects the original ohjccti\.es and inspirations of the 
peoplc in\~ol\,ccI. This clesign effort in the 5030/5031 
Series is reflcctecl by the logic of each control and the 
grouping of controls. The operator 11sing these controls 
gets results quickly and \vithout ambiguity. The  design 
effort in thc 5030/5031 Series has proclucecl fewer con- 
trols: each with masimum usability ancl simplicity, while 
increasing the number of operational modes. 

Opcratinq modes are not always easily identified in some 
instruments. A control can mislead an operator when it 
is not in use. If a control looks no different, active or 
inacti\.e, the user may be uncertain as to what rnode is 
really in use. The  5030/5031 instrument group positi\dy 
identifies the mode in operation. The  user does not sense 
any ambiguity of control meaning when making meas- 
~ ~ r e m e n t s  with this series. 

Four methods of identification are used in the 5030/ 
5031 Series: 

1. The  C R T  Display 

2. Panel Indicator Lights 

3. The Fiber Optic Readout 

4. Illuminated Push Buttons 

Panel lights are conltnot~ to many instruments. T h e  usual 
applications of scope panel lights are in warning indica- 
tors such as "uncal". The  5030/5031 Series uses only one 
panel light, the ~nagnifier "on" indicator. The  impor- 
tant indication of "uncal" has been moved from the 
panel to the display area where it logically belongs. T h e  
use of a variable control places a greater than sign (>) 
where the user needs it, in front of the appropriate fiber 
optic scale-factor readout. 



identification of mode. 

An csample of mode identification and control usage 
is revealed by a look at tlie front panel and tlie display 
area. Channel 1 and Channcl 2 are readily switchccl 

(7 in a from a \.oltagc to a current mode. When operatin, ' 

i'olfage configuration, the push-button s\vitcl~es in use 
will be illr~nlinatecl and the scale-factor readout will 
indicate voltage units. Pushing the C u w c ~ l  button will 
extinguish illumination of all switches unique to voltage, 
change the scale-factor readout to current units, and 
illuminate the current button. Switches connnon to 110th 
current and \altagc remain illuminated when active 
after mode change. 

Scale-factor readout. control illumination and color 
keying allous the ncu user of the 5030/5031 Series to 
rapidly feel at  home because ease has been designed into 
this dual beam measurement system. 

NEW CAMERA EASE 
Reduction of photographic errors and acljustmcnt effort 
ha\,e been achievccl in a new camera. Prior to the intro- 
duction of all the new Tektronix cameras, waveform 
photography could require considerable trial and error 
setup efforts. Se\wal new approaches l ~ a \ ~ c  been incor- 
porated in this new camera series to minimize focus and 
exposure errors. 

The C-70 is clcsignecl fos the 5030/5031 and other Tek- 
tronis instruments with 6)$-inch CIIT's. The  C-70 does 
not require a focus plate. This camera uses two adjust- 
able bars of light projected onto the C R T  to simplify 
adjustment. Alignment of the light bars with one focus 
control quickly sets the camera for sharp results. 

With an  easy adjustment of a projected photometer 
spot to match the trace intensity, the C-70 camera user 
can set the correct lens opening for proper exposures. 

This pl~otometcr spot is new to oscilloscope cameras and 
plays an important part in the quick and error-free set- 
up of all the new Telitronis cameras. After setting 
exposire, any s~lbscquent adjustment of shutter speed or 
f-stop, automatically adjusts the complementary control 
to maintain correct exposure value 

PE CAMERA 
11.9 575 M A G  

PAT PENDING 

+GATE IN- 

TEKTRON ION. OREGON. U S A  

The C-70 Oscilloscope Camera adjustments are made here. 
Correct exposure and sharp focus are quickly set with no film 
waste. 



TIME BASE AND TRIGGER 

Any Y T  display requires a stable location of the To 
reference. This point is established by triggering. Early 
triggered-sneep instlumentr required five distinct steps 
to establish a triggered time base and the desired To 
point. 

Step 1. Set Sweep Stability 

Step 2. Select Trigger Source 

Step 3. Select Trigger Coupling 

Step 4. Select Trigger Slope 

Step 5. Set Trigger Level 

If tlie operator was ine.tpe~icncecl or rushed, he encoun- 
tered difficulties Elen when he stli\ ecl for optilnunl 
front panel control settings, he co~~lc l  be frustrated by 
maqginal performance resulting flom con~ponent aging 
effects and improper internal adjustment. 

An ideal scope ~vould automatically establish To with- 
out resorting to control me. Circuit design would elim- 
inate aging effects and the need for internal adjust- 
ments. Tektronix engineering efforts in the 5030/5031 
Series ha\.e resulted in a significant step towards an iclcal 
triggcriilg and time base system. 

After selection of source ancl coupling, most scopes re- 
quire slope selection with a separate single-pole, double- 
throw switch. Then, the operator scarches for a point 
for s\vecp start on the trigger w a \ d o n n .  This is com- 
monly done by \.arying a trigger Ic\.cl control over a 
fixed \.oltagc range to pro\.icle a comparator with an 
inp~l t  that  is equal to thc clesircd trigger point on the in- 
coming waveform. 

Oscilloscopes ordinarill provide some form of auto- 
matic operation based on a 7ero cornparison voltage. 
This allows triggering on all signal le\,cls including low 
level noise and other sources of display jitter. I\'hen Iel el 
selection is pro\ided along with automatic operation, a 
l e ~  el can be selected that climinates noise trigyering. The  
level selected may alro cxceccl a triggerable point causing 
loss of stable display. 

The  5030/5031 Series features fully automatic, hands-off 
triggering. After a source is selected, activation of the 
new PEAK-TO-PEAK AUTO mode will present stable 
displays on virtually all triggerable waveforms without 
adjustment. The  sirnplifiecl triggering of the 5030/5031 
Series is the result of two lines of parallcl development 
aimed a t  usability. One-a simplification of control; two 
-the minimization of internal adjustments and aging 
effects. 

This one knob selects both slope polarity and triggering 
level. 

? I he Peak-to-Peak inocle wscs the trigger signal itself 
to set the limits of triggering l c \d .  Peak detectors set 
thc u p p  and l o ~ w  1)C voltages available to the level 
selector so that the I e ld  control cannot select a trigger 
point abo\.e or belole the a\.ailaldc trigger signal ampli- 
tude. 

The 5030/5031 instrum~cnts, when operated in the Peak- 
to-Pcak Allto mode, can be set for any trigger point from 
peak ncgati\.c tlu.ough peak p o s i t i ~ ~ .  Simple rotation 
of the continuous 360' turn I,e\d/Slope control selects 
all the possible lcvcl and slope triggering points. The user 
cannot erceccl the trigger l e \ d  range ancl he does not 
ha\.e to stop to select slope. Slope is "selected" by relays 
at  the 6 and 12 O ' C ~ O C ~ ~  positions of the triggcr/slope 
control. In  the absence of a triggering signal, the time 
base will "free run" to provicle a high-cluty-cycle, bright 
baseline. 

The  Peah-to-Peak Auto mode contlol is acti~atecl by 
pressing a push-button switch located with the otllel 
t r ig~er  pmh buttons in a coloi qroupecl area of the panel. 
All a c t i ~  e mode controls ale illuminated. 

Two uniclue Tclitronix integrated circuits ancl six tran- 
sistors perform all functions of triggcring ancl time base 
generation. Only t\vo acljustmcnts are required to cali- 
brate thc time base and center the trigger level recogni- 
tion rcsponse. The  built-in circuit stability ininimizcs 
time base ancl trigger problems. 



TEN MICROVOLTS PER DIVISION 

An instrument with 10 microvolts per division sensitivity 
must reflect concern with the low-level measurement 
environment. Noise and drift in the display must be 
minimized. The  amplifier must be capable of reject- 
ing unwanted common-mode signals that often exceed 
the desired input in amplitude. While being used, its 
own operational requirements must not detract from 
the user's measurement efforts. 

This series has a tangential noise specification of less 
than 15 microvolts in voltage modes and less than 200 
microamps in current modes. Trace stability is excellent 
and is specified as less than 10 microvolts or 0.1 divi- 
sions per hour after 2.5 hours warm up. Less than-5  
microvolts per minute drift is achieved after only one 
hour warm up. 

Common-Mode Rejection, a vital specification of a dif- 
ferential amplifier, must be considered over a range of 
input voltages at varying frequencies. The  5030/5031 in- 
strument group maintains at  least a 100,000: 1 ratio when 
DC coupled up to 100 kHz a t  10 microvolts per division 
to 10 millivolts per division. The  ratio is still a t  least 
500: 1 a t  100 kHz when AC coupled a t  20 millivolts 

IO!JVIDIV 

10 rnVIDIV 

f P  AC COUPLED 

1 kHz 10 kHz 100 k 

FREQUENCY 

Specified Common Mode Rejection Ratios of both Channel 
I and Channel 2. 

per division to 10 volts per division. The  same atten- 
tion to the circuit design that resulted in excellent noise 
and drift performance has achieved excellent CMRR. 
Another feature representative of the attention to opera- 
tional ease in this series removes a common annoyance 
from AC coupled operation. An input capacitor can 
often cause a trace drift-in period before a measurement 
can be made. When operating in the sensitive ranges, the 
charging of the input capacitor from a test point may 
require a long wait for the trace to stabilize. T h e  nec- 
essary charge time can now be eliminated by using the 
Preclza?ge Position of the ~e r t i ca l  input. This will allow 
the input coupling capacitor to charge during the base 
line zero volts reference check. Use of the AC push 
button after precharge will now present a drift-free trace. 

NEW MAGNIFIER DISPLAY 

A n o \ d  approach to identifying magnified sweep dis- 

play is included in the 5030/5031 instruments. Mag- 
nification is an expansion of a portion of a time-base 
display by increasing thc gain of the horizontal ampli- 
fier. In  citlxr of the "Mag On" or "Mag Off" condi- 
tions: what is centered horizontally in the display area 
should I x  the same. This centcring is an identification 
aid common to most scopes. T o  further aid the opcra- 
tor in identifying the location of the magnified display 
in time on the unmagnifiecl display, a special LOCATE 
button is pro\~ided. Pressing this button will restore an  
unmagnifiecl timc base when operating "Mag On" 
with an I11ten.rificd portion that identifies the location 
of the portion of the sweep magnified. 

The intensified area of the slower display identifies the time 
interval magnified. The faster display is that time interval 
expanded by magnification. Double exposure is used to 
represent this feature photographically. 



YT 
Dual Beam 

503015031 Series Displays 

XY 
Dual Beam 

XY 
Single Beam 

Z Axis 

Channel Voltage vs Time or 
Current vs Time 

and 
Channel Voltage vs Time or 

Current vs Time 

Channel , Volts vs Volts or 
Current vs Volts 

and 
Voltage vs Volts or 
Current vs volts 

Volts vs Channel 2 Volts Channel 1 or 
Current vs Channel 2 

Channel volts or 
Current vs Channel 2 

Channel Current or 
Volts vs Channel 2 

Channel Current 

Both beams have separate inputs that 
function in  all modes. 

Oscilloscope users usually think fir st of a 1 oltage-vs-time 
plot ( Y T )  when selecting an instrument. This display 
is the most used mode. Y T  usefulness is the reason that 
most scopes are designed primarily to achieve optimum 
performance in that mode. XY modes in most instru- 
ments are usually compromised in X - a x i ~  performance 
because of Y T  considerations. Sensitivities, bandwidth, 
phase characteristics, control logic usefulness arc often 
less than that found in the Y-axis. 

The  X Y  mode in the 5030/5031 Series is treated as equal 
in importance to a voltage-vs-time (YT)  display. The 
user has available at  a touch a 10-pV per division dif- 
ferential X-axis amplifier with the same characteristics 
as the Y system. This X-axis amplifier is the Channel 2 
amplifier switched into X-axis by a push button. Chan- 
nel 2's X-axis performance is equal to Channel 1's Y- 
axis characteristics. In  the XY mode, phase difference 
between X and Y is only l o  at  200 kHz and is still better 
than 4.O a t  1 MHz. 

An unusual mode available in this line of instruments 
is the plot of two variables against a third. Channel 1 
and 2 are plotted against a common X-axis amplifier 

with 20 millivolts to 500 millivolts per division sensitivi- 
ties in 1, 2, 5 steps. Acti\.ation of this separate X-axis 
amplifier is a function of the time-per-division control. 
This combined control use eliminates the need for separ- 
ate controls for X-axis mode selection. Inadvertent selec- 
tion of a voltage X-axis is prevented by a positive press 
activated clutch. Any use of X-axis modes is clearly 
indicated to the user by control illumination and auto- 
matic scale-factor readout. 

DUAL-BEAM STORAGE 

The 5011 1 and 11503 1 are the new storage scopes in the 
5030/503 1 Ilual-Beam Family. They feature all the 
inodes of the non-storage instruments (5030 and R5030) 
plus Tektronis bistable storage. Tektronix features such 
as split screen and long-term storage a t  full stored 
intensity are pron~inent in this pair of instruments. 
Stored writing speed is specified as greater than 20 divi- 
sions per millisecond. 

The  split screen allows Telitronix storage tubes to store 
a representative or standard waveform on one half screen 
while tracing other repetitive information in a conven- 
tional non-stored mode for cornparison on the other half 
screen. Another split screen use is for the display of a 
signal, single-sweep stored and perioclically automati- 
cally erased on one screen area, while the other area is 
used to store several displays. This creates a short-term 
"history" of what has happened. The  inclusion of auto 
erase, remote erase, as well as front panel erase for each 
screen area multiplies storage application possibilities. 

The  A U T O  ERASE rnocle is often used to monitor 
changing information while looking for some significant 
display worth saving. The user may desire to stop auto 
erase action and view a particular stored display. Press- 
ing the VIEW control "saves" the stored display for a 
long term look. 

When using an  oscilloscope to plot time in periods of 
10 milliseconds or greater, flicker becomes a viewing 
factor. Storage scopes can present a flicker-free display 
by operating in store and auto erase after sweep modes. 
Since the time needed to erase becomes a significant 
factor in such displays, the 5030/5031 Series storage 
scopes have reduced erase periods to 2 milliseconds. No 
information is lost during this erase because the period 
is usually shorter than sweep retrace times. 

Each screen can be separately or inclividually erased 
autotnatically or remotely from an electrical input, as 
well as manually from the front panel, or  remotely by 
use of a n  optional accessory. 



DATA COMMUNICATION BASICS 
by Emory Harry, Tektronix Field Engineer 

The high rate of information transfer possible 
with the T4002 Graphic Computer Terminal 
places increasing emphasis on the considera- 
tions of using uoice-grndc data coinnlunication 
channels. Further development of techniques 
currently available offers promise of much 
higher data rates in this basic communication 
building block. 

BAUD VS BIT 

:I hit (BInary digiT) is a digit (0,  1 )  in a numbering sys- 
tem ~v i th  a I~ase of t~vo.  The  term I~aud  refers to a unit of 
signaling speed. Baud is usually defined as the reciprocal 
in time of the shortest code element. ONLY undcr one set 
of circumstances (all code elements equal in time ~ v i t h  two 
level signaling) are bit rate and baud identical. Although 
they are often wscd interchangeably, if the code elements 
are not equal in time or  if multi-level signaling is used, sig- 
nificant cliffere~iccs may exist. 

Data Cominunication is normally considered to be corn- 
mrinication of anything other than \voice or video. In the 
United States, over 2,000 common carriers offer communi- 
cation facilities and ser\,ices for the transmission of voice, 
data, \,idea, facsimile, telemetry, etc. These companies are 

regulated by federal (interstate), state (intrastate), and in 
some staten, municipal agencies. 

The  tariff structure is very complex and it is usually nec- 
essary to contact the sales office of the local common car- 
rier to determine the exact charges for the service you 
require. Differences I)ct\veen intrastate tariffs and inter- 
state tariffs vary widely throughout the country, and thus, 
the  vise user looks closely a t  all alternatives in designing a 
Data Communication System. 

Several grades of communication channels are presently 
availal~le for data communication. 

Telegraph Grade Channels - 45 to 55 Baud 

S u l ~  Voice Grade Channels - 110 to 600 Baud 

Voice Grade Channels - 300 to 2400 Baud 

Broad Band Channels - up to about 1 Mega Baud 

There are t ~ v o  I~asic types of voice grade channels: D D D  
(Direct Dial Distance) and Leased (Private).  The  band- 
~vidth  is similar (300 I-PL to 3000 H z ) ,  I ~ n t  other character- 
istics differ measurably. Leased lines avoid local central 
office s\vitching equipment and are much less subject to 
noisc. Se\.eral le\.els of line conditioning are usually avail- 
able on leased lines to compensate for the undesirable char- 
acteristics such as envelope delay, frequency distortion, etc. 
Although line conditioning is more expensive, higher trans- 
mission rates are possil~le. 9600 Baud is cnrrently practical 
on voice-grade, conditioned, leased lines. 



The Tektronix 14002 Graphic Computer Terminal provides interactive displays in a time-sharing environment. At left, Emory 
Harry in a classroom application. At r ight, Ken Nordling checks a graphic mode. 

BASIC COMMUNICATION 

Communication channels may Ile categorized as simplex, 
half-duplex, or full duplex. These transmission modes 
refer Ix~sically to Ivhether the channel can transmit data 
in one direction only, one direction a t  a time, or both direc- 
tions sin~ultaneously as showx in the drawing. A two-wire 
circuit may Ile used for full duplex operation by employing 
frequency division m~~l t ip lexing ( a  different portion of the 
channel's frequency spectrum is used to transmit in each 
direction). 

Full duplex or half-duplex does not mean that the channels 
are symmetrical or of equal Ilandrvidth in both directions. 
If the data transmitted in one direction is originating from a 
keyboard, the slow transmission makes it wasteful to divide 
a voice grade channel equally. Modems are availahle ~\ .h ich  
transmit full duplex at  the rate of 110 bits per second in 
one direction (keyboard) and 1200 hits per second in the 
opposite direction (computer).  

Basic Data Transmission Methods 

Supervisory Channel describes a very lo\v I~and~vidth  reverse 
channel that is used only to send control information. This 
Supervisory Channel is solnetimes as slow as five hits per 
second. A channel .ivhich transmits data in one direction 
and supervisory information simrlltaneo~~sly in the other 
is not norlnally considered full duplex. 

Echo-plesing is not another mode, but its operation is sim- 
ilar. Echo-plexing descril~es the operation whereby data is 
transmitted in one direction and is then turned around 
and sent back to its source for verification. Echo-plexing is 
I~eing employed if data is sent out from the terminal key- 
hoard, goes to the computer or  interface, and then is sent 
1)ack to the terminal \\.here it goes to the character gen- 
erator and is displayed. If an  error occurs in communica- 
tion, the operator detects it since the letter on the display 
is different from the keyhoard input. 

Echo suppressors are used in long distance transmission to 
reduce the effects of channel discontinuities on voice corn- 
munication by introducing attenuation in the line opposite 
to the direction which the voice is traveling. Echo sup- 
pressors are stvitched by voice detectors, and should be out 
of the circuit \vhen data is being transmitted. They can bc 
s\vitched out of the circuit by transmitting energy solely 
in the band from 2000 I-Iz to 2250 I-Iz. After the s~vitching, 
transmission may utilize the entire frequency spectrum of 
the channel, but if energy is interrupted, the echo suppressor 
is automatically switched back into the line. 

SERIAL VS PARALLEL 

Transmission of data falls into t\vo basic categories: serial 
and parallel transmission. I n  parallel transmission, several 
code elenlents are transmitted simultaneously through in- 
dividual channels. For example, a five-level teletype code 
~vould  require five separate channels; a seven-level ASCII  
code would require seven channels. Using multiple voice- 
grade lines provides a very high data transfer rate, b ~ l t  for 



most purposes, this approach is excessively expensive. T h e  
same results can I x  achieved by frequency-n1~1ltil11exi1ig a 
single voice grade channel and using a separate portion of 
the frequency spectrum for each code element. Hoxvever, be- 
cause perfect filters are not attainable, frequency multiplex- 
ing wastes I~and\vidth. Parallel transmission is not practical 
for terminal applications unless the transmission distance 
is very short, making it unnecessary to use telephone lines. 

In serial transmission, the code elements are sent sequentially 
\rith each element occupying its own time slot in a form of 
time m~~l t ip lexing.  Although serial transmission normally 
r e q ~ ~ i r e s  more expcnsi\,e hard\vare, the cost is more than off- 
set by the fact that a single communications channel can be 
med. Serial transmission results in a much lo~ver rate than 
is possil~lc \rith multiple channels in parallel transmission. 

Data transmission may Ix further divided into tivo categories: 
asynchronous and synchronous. Asynchronous transmission is 
used Ily most devices u h s e  code ele~ncnts are not generated 
uniformly in time. For example, the data rate output a t  a 
keyboard is a function of the speed at  \vhicli the operator 
types. 

\\'hen using asynclirono~rs (start/stop) transmission, extra 
elements arc scnt \\.ith the data to identify and synchronize 
it. An extra element or bit is sent ahead of tlie data hits 
(start bit) and either one or  t\vo bits are scnt after tlie data 
bits (stop hits). T h e  group of bits that form each character 
has no definite time relationship \rith the pre\rious or sue- 
c e d i n g  group of bits. 

\\%en tlxnsmitting synclironously, the characters ha1.e a def- 
inite time relationship to onc another. Normally, a char- 
acter is scnt in~nicdiatrly after the prccecding character 
\vith no timc lag bet\\-ecn t h a n .  This type of transmission 
is generally more practical for dc\,ices that generate a con- 
tinuous florv of data. 

In synchronous transmission, i t  is necessary to periodically 
interrupt the data flo\\. to send synchronizing information. 
Because the ratio of synchl-onizing hits to data hits is much 
l o m r  in a synchronous syslem, the information transfer rate 

is proportionally higher. Codes have been developed that 
arc self-synchronizing and require no synchronization bits to 
Ile transmitted, I ~ u t  these codes are not com~iionly used 
Ixcausc of the espensi\re hard~vare i q u i r e d .  

The  T4002 can be used \\.ith modems (modulator demodula- 
tors) designed for eithcr synchronor~s or asynchronous opera- 
tion. \\'hen employing a synchronolls modem, ho\ \wer ,  
start and stop hits arc still required. 

MODULATION TECHNIQUES 

hlodcms are necessary to efficiently transmii data since the 
Insic transmission medium, telephone lines, is not ideally 
suited to the transn~ission of data. The  Ixmd\viclth of a voice- 
grade channel is normally from almut 300 I-Iz to about 3 kIHz. 
Modulation ~naximizrs data transmission ].ate \vhilc minimiz- 
ing the effects of noise, distortion, etc. 

A numl)cr of considerations arc important \\.hen selecting 
the type of modr~lation. Error control, equipment cost and 
complexity, availal~lr  I,and\vidtli, signal-to-noise ratio of 
channcl~ and typc of code, a11 cnter into the modulation sys- 
tem selection. Amplitude, freql~ency or phase modulation 
may be ~ ~ s e d ,  ~v i th  some systems co~nhining these techniques. 

Frequency modulation, \<here frcqucncy \ .ar ia  as a function 
of input code, is used on  many loivcr-speed modems. Usu- 
ally, a specific type of frequency modulation called fre- 
quency shift keying (FSK) is uscd in \vliich one frequency 
r c l ~ r c x c ' i t u  hinary zcro and another represents a binary one. 

Many of these modems arc designcd to cradle the telephone 
handset and are called acoustic couplers. T h e  signal is 
acoustically cor~plcd from the telephone handset to a trans- 
ducer in the modcm, rather than the connectio~i 1)eing made 
physically. Though this approach is convenient for low-speed 
co~~~munica t ions ,  high-speed comn~unications require a dif- 
ferent approach. 

Amplitude modl~lation, \vlicrc aniplitude \,aries as a function 
of input code, is uscd on many higher speed modems. Usu- 
a l l y , ~ ~  specific typc of amplitude niodulation called vestigial 
sidcl~ancl is uscd. 

UNITS OF TIME 

s 
1 1 0  

1 
0 
P L ASYNCHRONOU 

Basic Communication Methods 
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Basic Modulation Techniques 

Phase modulation is usccl 011 many of the liiglicr speed syn- 
chronous inodems, e.g., the Bell 201 Series. These multi- 
level modems generally do not employ more than four levels 
(each 90° of phase representing a level) I~ccatisc of noisc 
and distortion limitations. \VIien four increments of 90' arc 
used, each level represents a t\vo hit pair called a dillit. The 
Bell 201 Series that transniits four dillits (00, 01, 10, 11 ) is 
canahle of data transmission rates of 23-00 Baud. As the num- 
her of levels goes up, the modein Ixcomes increasingly com- 
plex and expensive and the amount of linc conditioning 
l~econ~es  in~practical. 

h4odems are a\zailal~le \vhich havc their o\vn adjustal~le con- 
ditioning or equalization nct\vorks. I n  addition, others arc 
available with automatic equalizers \vliich allo\v the modem 
to adjust to changing linc conditions. As the degree of sophis- 
tication increases, ho~vever, so does the cost of the hard~vare.  

Many \sariations and coml~inations of these three I~asic fornx 
of modulation may be used in the future. 

MULTIPLEXING 

h ~ u l t i ~ l c s i n g  is a tell11 used to descrilx tlie techniques used 
wlicn combining several signals for transmission through a 
single channel. 

Frcquency multiplexing is the most common method in data 
communications. I t  is characterized Ily shifting of signal 
spectra so that no t ~ v o  spectra overlap. Shifting is usually 
accomplished by heterodyning. For example, a single voice 
grade channel can be divided into t ~ v o  frequency I~ands, one 
froni 500 I-Iz to 1400 I-Iz and another from 1700 Hz to 2600 
I-Iz. This  creates t ~ v o  cffecti1.e channels that can be used to 
send data  in 110th directions simultaneously. Each channel 

uses less than half of the original I~andwidt l~  since a guard 
bancl is necessary I~et~veen channels I~ecause of filtering 
limitations. 

T ime  multiplcsing is characterized by tlie interlacing in time 
of input data samples. hfucli less of the original bancI\vidtl1 
is lost using this technique tlian \vith frequency multiplexing 
I~ecal~sc  the timc I~et\\.cen channels can I x  very short. 

Other fornis of n i u l t i ~ ~ l c x i n ~  sl~cli as Linear Addition Multi- - 
~plcsing, Orthogonal Multiplesing, and Polarization Multi- 
plexing may all find ~vider  use in the future. 

BIT CODING TECHNIQUES 

A uk le  range of techniques are currently a~ ,a i l a l~ le  for cod- 
ing bits. Assume tliat a series of 7 hits has 4 true and 3 false 
hits. A, B, C, D, and E arc fi\.e diffrrent bit coding methods 
that might be employed. Each t ~ c l l n i q ~ ~ e  (and the many 
others tliat arc not reprcented) 1iaL.e cliaractcristics \vliich 
will make them desiraldc in one application and not in 
another. 

Sequence A illustrates the pulses a t  the output of a computer 
rcgistcr. In most FSK modems, the train appears as B 
ivherc 1 is transmitted at  f l  ancl 0 is transmitted at  f2. The  
modulator shifts Ixt\vecn frcquencics depending on ~vhetlier 
tlie hit is I or 0. This technique is solnctimes called NRZ 
Mark (Non-return to Zero Mark) .  (One  ancl zero have long 
I~ecn referred to in telegraphy as mark and spacc.) Note 
that there are fewer transitions in a g i \ m  length of time 
and thus I~and\\~icltli is conserved. 

C is a code that niiglit he used if  more synchronization in- 
formation is required than is inherent in B. In  C, there are 
altvays 2 transitions made in each unit of time. This code 
is usually called l~ipolar RZ (Return to Zero) .  

D is a code \vhcrc Ixmd\vidtli is of major consideration, A 
transition is niaclc for eacli logic "1." This code is normally 
called differential NRZ. 

REGISTER OUTPUT 

1 0 1 1 0 0 1 

N R Z  M A R K  

1 0 1 1 0 

ERENTIAL N R Z  

Bit Coding Techniques 



E is a code where a bipolar bit occurs on each new series 
of pulses. Each time the bit changes from 1 to 0 or 0 to 1,  
a pulse, either negative for 0 or positive for I ,  is sent. This 
code is good for conserving band\vidth if long series of 1's or  
0's are anticipated. 

There are many different bit coding schemes that offer ad- 
vantages and disadvantages depending upon the application. 
Banduridth, synchronization, cost of coding and decoding 
hard\\.are, and porver consumed are all important character- 
istics of any system chosen. 

CHARACTER CODING 

A large number of character coding schemes are currently 
used, such as the Baudot, EBCDIC, and ASCII  Codes. The  
most universal code is the USASCII (United States Ameri- 
can Standard Code for Information Interchange) sho\vn in 
the diagram, 7 bits \\.it11 128 permutations. These codes 
are generally termed quiet channcl codes as they are designed 
for channels xvith relatively high signal-to-noise ratios. 

Error detecting and error correcting coding techniques are 
accomplished by adding redundancy to the code. The  a n ~ o u n t  
and type of redundancy designed into a code is usually de- 
termined by ho\\. serious the effect of errors is. If the data 
is perishable, a large amount of redundancy may be designed 
into the code. In  most computer terminal applications, 
~vhere  the channel is a phone line, the major source of errors 
is the operator, not the liard\vare, and thus, little redundancy 
is designed into the standard Data Communication code. 
Usually, a single parity hit is added to each character ~vliicli 
makes the total numlxr of bits in the character either odd or  
even. This allo\vs most errors to I x  detected, but not cor- 
rected. When poorer signal-to-noise ratios are encountered, 
or ~vhen  it is necessary to correct as \veH as detect errors, 
more sophisticated coding techniques are employed. One  
such technique is simply the addition of more than one parity 
bit. 

Adding additional parity bits allo~vs a larger number of errors 
to be detected, or permits the same numl~er  ~v i th  a lolver 
signal-to-noise ratio. \\'hen parity bits arc added in sufficient 
numbers, the correction of most errors is feasible. Of course, 
thc higher the l e \ d  of error control, the higher the cost and 
the lo\ver the information transmission rate. 

USASCII Code 

INTERLACING 

This is a term ~vhich is med to describe a technique which 
is similar to time multiplexing and is used to effectively 
normalize impulse noise, a form of noise that is the largest 
source of data communication errors. Each character ( 7 bits, 
if the code is USASCII)  plus 4 parity hits is stored in some 
form of storage device such as a flip-flop register. \\'hen as 
many characters are stored as there are bits in the code, in 
this case 11 characters, then the information is read out, but 
not as it was stored. O n e  bit from each of the eleven char- 
acters is transmitted. For examde.  bit one from each of the ' ,  
eleven characters is sent together, then bit t\vo from each 
of the eleven characters, until all 121 bits are sent. If an 
impulse should occur during transniission that would  no^ 

mally destroy one character, no\v only one bit from each 
character is lost and the one-bit error can be detected and 
corrected. 

This is a very effective technique, particularly if lnultiple 
parity bits are also transniittcd so that error detection and 
error correction are 130th possil~le at  the receiving end. The  
technique is not as useful for asynchronous as for synchro- 
nous transmission. 

1 1  1 1  1  
0 0 0 0 0 ,  
X X X X X  

0  0  0  0  0  
1 1 1 1 1  

Five words are read in horizontally (A). The five words are 
scanned vertically and transmitted as in 5. If a noise impulse 
strikes word three, the data appears as C when received. 
Vertical scanning C constructs five words with one error bit 
(D). If the code has sufficient redundancy, the original words 
(10101) can be reconstructed. 

STANDARDIZATION 

Attempts have Ixen made a t  standardizing on a universal 
code. This code is thc ASCII  Code, American Standard Code 
for Information Interchange. T h e  USASCII  discussed earlier 
is that {vhich has I~een foiund to be the most universally ac- 
cepted. The  I S 0  (International Standardization Organiza- 
tion) has proposed 110th 6 and 7 bit character sets for inter- 
national information processing interchanges. 

The  Electronic Industries Association Standard RS232B (In-  
terface Bet\veen Data Processing Terminal Equipment and 
Data Communications Equipment) is a standard \vhich 
specifies sluch things as connector type, pin assignments, volt- 
age levels, impcdance, etc. E IA RS232C is a new standard 
~vhich attempts to make cornpatilde RS232B and the C C I T T  
(Consultative Committee for International Telephone and 
Telegraph) Standards. 



Troubleshooting Sampling Systems 

By Charles Phillips 
Product Service Technician, Factory Service Center 

Confidence and knowledge enable a service technician to com- 
plete his services with best results. Confidence in servicing 
sampling scopes is sometimes prevented by unnecessary awe of 
subnanosecond region instrumentation. IVith normal prep- 
aration, you will find much of your kno~vledge and ex- 
perience n i t h  real-time scopes is of direct value ~ v h e n  ~ o r k -  
ing on these "fast" scopes. 

This article ~vi l l  discuss adjustments and troubleshooting in 
vertical systems with particular emphasis on the S a m p l i n g  
Loop .  All Tektronis Sampling Oscilloscopes" use an  error or 
difference detecting technique. Since they use this technique, 
you will find a similarity in the various sampling systems. 
These similarities allow us to work in this article with a 
"composite sampling scope" and make some generalized state- 
ments about samplers. These generalizations should not be 
used in place of specific information included in your instru- 
ment's instruction manual. Tha t  manual's calibration section 
should be your source of specific adjustment information. 
Your Tektronis Field Engineer can aid you further with 
your individual requirements. 

A display visible on screen is the most valuable aid avail- 
able to you. Here are a few ideas on getting that trace. 
"N unit exception. 

S a m p l i n g  Note.5 and Sampl ing  Oscilloscope Cir-  
cui ts  by John Mulvey are ttvo pul~lications avail- 
able from your Tektronis Field Engineer that are 
valuable sources of sam~ling.  facts. 

We should start ~v i th  the output of the vertical system. Out- 
put circuitry is straightfor\vard. I t  amplifies the output of 

the Sampl ing  L o o p  to drive the vertical deflection system. 

I t  can l ~ e  isolated from the Sampling Loop by sliding the 

NORRI/IN\iERT s\vitch to its center. This I~locks the input 

to the output circuits and \\.ill allow you to Iocalizc the off- 
screen problem to the "loop" or the "output". 

After you have the "output" functioning, set the NORM/ 
I N V E R T  s\vitcli to NORM.  If no trace is on screen, you 

should suspect the loop. Try the following: 

1 .  Apply a 25-kHz squareuwe of approximately 300 mV 
to the input. Use 200-mV/div sensitivity. 

2. Free run or trigger the time base and use about 10 dots 
per division, zero the offset (use meter a t  output jack) 

and the Position control should bring the display on 

screen. If the position control does not do the job, cen- 
ter it a t  about 12 o'clock. 

3. If Ftep 2 does not produce a display, vary each of 
the internal adjustments in the "loop" and sampling 
gating pulse generator full range, one a t  a time, remem- 
I~ering the original settings. If an  adjustment does not 
reveal a display, return it to its original setting and 
proceed to the next one. If any adjustment brings the 
display on screen, attempt to achieve a correct response 
by using your manual. If all adjustments fail, leave them 
in their original position and proceed to the trouble- 
shooting information. 



SOME INFORMATION ON ADJUSTMENTS 

The section of the sampling system that is located within the 
Sampling Loop has the most effect on waveform, risetime, 
aberrations, and vertical trace position. The  adjustments we 
\\.ill discuss often interact and may appear to have the same 
function. This interaction and similarity of results on screen 
should be explored to get the "feel" of the system. This 
"feel" cannot be derived from any \witten material. 

No harm will result if you try extreme range combinations of 
the adjustments. By this exploration of extreme settings, 
you rapidly build confidence by gaining knowledge and ex- 
perience. 

Memory 

Memory Balance-Purpose: T o  adjust for no trace shift when 
"smoothing" (front panel) is operated. Effect: See purpose. 

Memory Gating Pulse Width-Purpose: T o  allow memory to 
respond to the full input signal. Effect: Will cause "rounded 
corners" of signal at  one extreme (gain <1) or oscillation 
(gain > I ) .  

Amplifier 

Loop Gain-Purpose: T o  adjust for maximum signal to the 
memory. Effect: Will cause "rounded corners" of signal at  
one extreme or oscillation at the other. May also be located 
in the memory. 

Dot Response-Purpose: A front panel adjustment to main- 
tain a loop gain of 1 after internal adjustments have been set. 
Effect: Similar to loop gain (very evident ~vhen using a ran- 
dom sampling system). 

Smoothing-Purpose: A front panel control for minimizing 
noise. Effect: Similar to loop gain, but usually its effect 
varies from unity gain to less than 0.5 gain. 

Sampling Gate 

Sampling Gate Volts-Purpose: T o  set voltage across gate 
diodes, normally about 2 volts for proper display risetime and 

Here's where most of the fast action occurs. A four-diode 
bridge makes the sub-nanosecond voltage sample. The two- 
diode memory gate accepts processed sample and holds the 
information for CRT vertical deflection. 

dynamic range. Effect: Risetime is changed as adjustment is 
made. 

Sampling Gate Balance-Purpose: T o  neutralize trace shift 
as mV/div switch is rotated. Effect: See purpose. 

Blowby Contpensation-Purpose: To  neutralize capacitance 
in the sampling gate. Effect: Will change aberrations in the 
2-ps interval after risetime. 

Strobe Pulse Generator 

Snap-off Current-Purpose: Adjusts strobe pulse for best 
resulting display risetime. Effect: Has the most significant 
control over risetime. 

Aualanclte-Purpose: T o  drive the sampling strobe source 
\vith minimum noise and jitter. Effect: In  addition to noise 
and jitter effect, there are some risetime effects. 

All the adjustments in the loop and strobe generator will have 
some loop gain effects. I t  is usually worthwhile to recheck 
for unity gain using your manual information after complet- 
ing adjustments. 

The sampling gate is unable to fully charge the amplifier input capacity with one sample. Feedback after the gate completes 
the charging process. Adjustments in the "Loop" produce (1) less than full charge (gain <1) (2) full charge (gain = 1)  (3) 
more than full charge (gain > I ) .  
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Problem: 

Check: 

Problem: 

Check: 

Problem: 

Check: 

Problem: 

Check: 

Problem: 
Check: 

SOME SOLUTIONS 
Dot transient response difference between plus 
and minus signals. 
If more than 10% difference, sampling gate 
should be replaced. 

Baseline shift with change of trigger frequency. 

Set flont panel contlols for a flee-iunning tiace 
at  2 rnV/div (or  highest scnsitivity). Change 
time/div through entire rang-e. Trace shift should 
Ix less than 2 diviqions. If more, the sampling 
gate diodes should I x  interchanged. Replace 
diodes if necessary. 

Mcrnory slash (vertical elongation of dot a t  low 
trigger rates). 

T r i g ~ e r  sweep a t  10 Hz; if slash is more than 0.6 
divisions, interchange memory diodes or replace 
them. Other sources of slash are tubes and FET's. 

Noise, microphonics, level changes, gain changes. 

Sampling gate diodes seated with proper clip ten- 
sion. Grounds solidly made, soldered properly 
and mechanically tight. Input connectors tight. 
I n p ~ ~ t  5 0 4  resistors should not be discolored and 
should be within + 1 a. Nuvisor socket should 
have sufficient tension in tab slots for good 
grounds. 

Display tilt. 

If problem is most noticeable a t  about I MHz, 
the sampling gate is most suspect. T ry  blowby 
adjustment, then gate diodes. If interaction be- 
tween both channels is noticeable, especially a t  
certain positions on screen, check output ampli- 
fier tubes and channel switching diodes. 

BREAKING THE LOOP 

The  feedl~ack in the Sampling Loop can be disabled to 
further localize problems. Isolation of the memory can be 
easily accomplished by lifting one end of the memory gating 
diodes. Some instruments use built-in clips for resistor in- 
sertion for isolation. If this provision is made, see your in- 
struction manual. 

7 I he sa~npling gate may be isolated by disconnecting the cen- 

ter a m  of the sampling gate I~alance. This will allow you to 
check for proper voltages around the gate circuits. You may 
\vish to remove the diodes to check for proper bridge voltage 
before replacing the Sate diodes. 

CORRECTION 

I Input ---;- Output 
- 

LO LO No change 1 -- 
LO I HI HI LO -- -- ______I 

H I  LO LO HI 1 
I HI Undefined 1 
L H I _ -  __ 

Frankly, our truth tables are a pack of lies! 
In the December Issue, the article "A Basic 
Logic Review" had a mistake in the R-S Flip- 
Flop Truth Table. A corrected table is shown 
above. Our thanks to our readers for notify- 
ing us and our apologies for not detecting it. 

The Editor 

INSTRUMENTS FOR SALE 

1-Type 511AD. In  operating condition. 
Contact: Bruce Blevins, Box 2012, Socor- 
ro, New Mexico 87801. Telephone: (505) 
835-5555. 

1-Type 5 l4AD. Good condition. Will 
accept reasonable offer. Contact: M. R. 
Sparks, 104 Ward Street, Oxford, North 
Carolina 27565. 

7-Type 535AICA. 1-Type 543B. 
Other 530140 Series with plug-ins. Con- 
tact: Mr. Posner, Pacific Engineering 
Company. Telephone: (2 13) 225-6191, 

1-Type 547, SN 11965. 1-Type 1A1, 
SN 24603. Both brand new. Contact: 
Mr. G. Schneider, Space Electronics, 40 
Cottontail Lane, Irvington, New York 
10533. Telephone: (914) 591-8681 or 
8774. 

1-Type IAl ,  SN 016111. 1-Type 
1A2, SN 006740. 1-Type 516, SN 
004789. Contact: Bob Smith, Interactive 

Data Systems, P. 0 .  Box A-0,  Irvine, 
California 92664. Telephone: (714) 549- 
3329. 

1-Type 516. Just calibrated and in ex- 
cellent condition. Price: $600. Con- 
tact: Heinz Frederick, Data Products 
Corp., 6219 De Soto Street, Woodland 
Hills, California 9 1364. Telephone: 
(213) 887-8219. 

I-Type 581, SN 966. 1-Type 82, SN 
7944. I-Type (2-40, SN 10639. Recon- 
ditioned by Tektronix one and one half 
years ago. Lot Price: $1900. Contact: 
Ken Marich, Stanford Medical Center, 
Room 230, Stanford, California 94304. 
Telephone: (415) 321-2300 Ext. 6071. 

1-Type 546/1A1. Good condition, small 
amount of use. Price: $1900. Contact: 
Don R. Green, Ferson Optics, P. 0 .  Box 
629, Ocean Springs, Mississippi 39564. 

I-Type 575 Mod 122C and 1-Type 
202-2. Used approximately 30 hours. 
Price: $1000. Contact: Mrs. Wainwright, 
I-Tel Corp., 10504 Wheatley Street, 
Kensington, Maryland 20795. Telephone: 
(301) 946-1800. 

I-Type 545, SN 15990. 1-Type CA, 
SN 9652. Price: $1250. Contact: Les, 
575 South Barrington, Apt. 202, Los 
Angeles, California 90049. Telephone: 
(213) 472-0882. 

1-Type 541, SN 693. Best offer. Con- 
tact: Mr. Greg Jigamian, Hanson Hawk, 
Inc., 20327 Nordhoff St., Chatsworth, 
California 9131 1. Telephone: (213) 882- 
9600. 

4-Type RM503, SN 001848; SN 
001651; 00905; and SN 001866. Price: 
$450 each. Contact: Stuart Ex, 14827 
Cohasset, Van Nuys, California 91405. 
Telephone: (2 13) 786-7672 or 873-7672. 

INSTRUMENTS WANTED 

1-Type 2B67 Time Base. Contact: F. 
0 .  Wiseman, T .  B. Woods ei Sons 
Co., Chamlxrsburg, Pennsylvania 17201. 
Telephone: (71 7) 264-7161. 

Printed in U.S.A. 3/70 A-2423 
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A DUAL-BEAM FAMILY 

I SCALE FACTOR READOUT I 
Control settings, probe attenuation values, and magnifier 
settings are all taken into consideration and electronically 
read out in the CRT viewing area. A > symbol is provided 
for uncalibrated settings. 

NEW CAMERA SYSTEM 
The C-70, with its electronic shutter, eliminates much of 
the film waste normally associated with oscilloscope pho- 
tography. Range finder focusing is combined with a trace- 
brightness photometer to simplify and improve oscilloscope 
photography. 

NEW LARGE-SCREEN OSCILLOSCOPE 
More than 50% greater viewing area (over an 8 x 10 cm dis- 
play) is available in the 503015031 Family. ?-MHz dual-beam 
oscilloscope also provides a fiber optic display of scale-factor 
readout. 

ADVANCED COMPONENT TECHNOLOGY 
Tektronix oscilloscopes make extensive use of Tektronix 
developed and manufactured components to provide the 
user with the most reliable components currently available 
Low torque cam switches, miniature illuminated push but. 
tons, relays, custom integrated circuits, ceramic cathode-raq 
tubes, and a number of other unique components contribute 
to superior instrument performance. 

NEW DUAL-RANGE ATTENUATOR PROBE 
The P6052 is easily switched from X I  to XI0 attenuation 
Probe attenuation factor is sensed and automatically con 
trols scale-factor readout to display total system deflectio~ 
factor. 

CURRENT PROBE 
The P6021 current probe is used without adapter or ex 
ternal amplifier to allow easy current waveform display. 





tektronix sign I sources 
Oscilloscopes and pulse geiierators are very closely associated. 
Pulse generators arc essential in calibrating the oscilloscope. 
Pulses are formed in many oscilloscope circuits. The measure- 
ment of pulse parameters is the primary purpose of the time 
base oscilloscope. Tektronix has long been engaged in the design 
and manufacture of pulse and other signal sources. 

A new general purpose pulse generator, the Tektronix 
2 101, has recently been announced. This instrument is 
easy to operate and yet will produce a wide variety of 
~~ulses .  This article will look at 2101 performance and 
some aspects of pulse source application. 

The 2101 may be divided into two major operating 
sections: Gated Power Output and Gate Timing. This 
two section approach follows a concept of pulse genera- 

COVER-Do you see a symbolic CRO or a Signal 
Source symbol? If you see both, the activities of 
Tektronix in two separate, but closely related, in- 
strumentation fields are svmbolicallv joined. 

2 @ 1970, Tektronix, Inc. All Right Reserved. 

U . S . A .  and Foreign Tektronix products covered by U.S. and  Foreign Patents and/or  Patents Pending. 

tion by gating DC power supplies. The 2101, of course, 
has an AC powered internal DC supply. This supply is 
the ultimatc source of output power. I t  should not be . . 
confused with the output power sources mentioned 
hereafter. 



50 a TEE ATTENUATOR 

The 2101 has two power output connectors. A pair of 
\miable amplitude current sources are operated in 
parallel to each output connector. I n  each pair, one 
supply contributes plus or minus 40 mA for offsetting 
the p~ilse starting l e l d  or baseline. The  other supply 
controls pulse amplitude by adding UP to 200 mA to 
the offset current. Each output has an  identical off- 
set supply, but the pulse amplitude supply is of posi- 
tive polarity in one pair, negative in the other. When 
the 2101 is operated LATCHED ON, the pulse supply 
is t~lrned on and "pulse" duration is long. So long that 
until the Mock is changed, the 2101 is actually a direct 
current power supply. 

Pulse risetime. falltime, overshoot, droop, and other 
aberrations are primarily caused by the output supply 
circuits. A qated transisto1 actually controls the ampli- 
tude of the output pulse culrent. This device is op- 
timixcl to produce minimnm aberlations a t  50% arn- 
plitudc. These aberrations ale l c s ~  than 3% at full 
output amplitude in the 2101. Since all pulse gen- 
erators tend to produce lalger rclati~re aberratiorls at  

When using most pulse generators, i t  is good practice to 
use higher amplitude outputs with external attenuation when- 
ever minimum aberrations at very low amplitudes are needed. 

low variable amplitude settings, the user should know 
how to nlinimize aberrations. Whenever low amplitude, 
clean pulses are needed, it is good practice to use high 
a~nplitude settings and external attenuators for best 
results. 

GATE TIMING 
Period. Duration, and Delay are all gate timing func- 
tions. I n  the 2101 all three functions are internally 
generated. Esternal sources of these functions may be 
used in combinations with internal timing signals to 
pro\.ide additional control of gate timing. 'T'he 2101, 
with external control, can produce bursts of pulses and 
pulse periods locked to an  esternal time reference. 

, - 
40  4ms  4 

2101 PULSE 
G E N E R A T O R  
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"POWER SUPPLY" 

The latest Tektronix Pulse Source can be divided into two operating sections. With OUTPUT LATCHED ON the "power supply" 
outputs direct current. In all other modes the "power supply" is " g a t e d  to produce pulses. 
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PROTECTION AGAINST ERRORS 

The DURATION and PERIOD controls of the 2101 
interlock to prevent improper duty factor combina- 
tions. Duty factor is the ratio of duration to period. 
Duration must always be less than period. The DURA- 
T I O N  and PERIOD controls rotate independently in 
any less than one duty factor control set up. If either 
control sets up a duty factor condition approaching 
one, the two controls lock and rotate together. 

Duration can change period. This double exposure shows the 
inadvertent doubling of period by misuse of a duration control. 
Both traces are produced with period set to 100ps. The 
lower trace has "doubled" period as duration (width) was 
rotated beyond 100 ps. Protection against inadvertent period 
doubling is a feature of the 2101. 

Pulse generator output circuit destruction can occur if 
protection is not built in. The 2101 protects itself from 
shorting loads by being designed as a current source. 
Over voltage protection from inductive kicks and other 
load developed excess voltages is furnished by diode 
protection. Because it is protected, the 2101 can be 
safely coupled to any passive load. 

2901 TIME MARK GENERATOR 

The new 2901 is one of the most convenient sources of 
accurate timing signals. Twenty time signals are avail- 
able from 2 nanoseconds through 5 seconds, all based 
on a 10 MHz f 20 ppm crystal controlled oscillator. 
Push buttons select individual time marks or combina- 
tions of time marks over a 0.1 microsecond through 
5 second range. All timing signals are conveniently 
available at  amplitudes of at least 0.3 volts into 50 0. 
For Z axis and other applications where large ampli- 
tudes are needed 25 volt into 1 kR markers of either 
polarity can be produced. These large markers can be 
used individually or in combination over the 1 micro- 
second through 5 second range. 

A novel feature allows the 2901 to count down from 
external reference signals. Custom markers for radar 
or time signals for other purposes can be easily pro- 
duced. Any two volt signal from 50 kHz to 10 MHz will 
provide the sufficient reference drive. Time reference 
signals lower than 50 kHz reference may be used if 
the rate of rise is > 1 volt per microsecond for two volts. 
The 2901 extends the external reference time period up 
to 50,000,000 times. 

In addition to pulse time marks; 2, 5, 10 and 50 ns 
period sine waves are generated. Frequency multipli- 
cation of the 10 MHz internal reference signaI assures 
the time accuracy of this group of timing signals. In 
addition to the regular time mark and sine wave out- 
puts a set of eight positive pulses is available for trig- 
gering or other uses. These pulses are selected in de- 
cade steps from 0.1 microseconds to 1 second. The 
trigger output amplitudes are at least 0.5 volts into 50 
ohms or one volt into 1 megohm. This compact, bench 
or field instrument is a useful secondary standard wher- 
ever ac power is available. Extensive use of integrated 
digital circuits in the 2901 Time Mark Generator mini- 
mize the possibility of nliscount and simplify mainte- 
nance and reduce calibration time. 

This precision time or period source produces sixteen 
countdown. Maximum countdown ratio is 5 x 10" from an 
The 2901 will also accurately countdown external signals. 

timing pulses by 
internal precision 

digital 
source. 



OTHER SIGNAL SOURCES 

114, 115, and R116 CALIBRATION SOURCES WITH OTHER USES 

~ k t r o n i x  manufactures 20 signal sources in addition to 
e 2101 Pulse Generator and the 2901 Time Mark Gen- 
ator. T\ ro  of the instruments, the 114 and 115, can he 
assified as general purpose pulse generators. 

he economical 114 is designed for laboratory and pro- 
~ c t i o n  test applications. The  broad operating range of 
is instrument makes it well suited for those use areas 
here economy and versatility are paramount. 

 dependently variable rise and fall times allow the 115 
meet many transition time test requirements. Rise or 

11 is adjustable from a fast 10 nanosecond up  to a slo\z 
10 microseconds. Delay functions include paired pulses 
~d externally triggered bursts. Conipactness plus very 
;eful performance features enable the 115 to be used as 
irnulus in IC and other logic testing. 

he programmable R116 is similar to the 115 in specifica- 
ms.  This  rackmounted pulse generator is the unit se- 
cted for use in the Tektronix S3130 and S3150 Auto- 
ated Test Systems. The  R116 may be operated manu- 
ly f rom conventional front panel controls. 

R116 PROGRAMMABLE PULSE CHARACTERISTICS 

Risetime 10 ns to 200ps 

Falltime I o n s  to 100ps 

Period 100ns to 110ms 

Duration (width) 50 ns to 550 ps 

Delay 50 ns to 550 ps 

Burst Time 50 ns to 550 ps 

Amplitude (50 S1) 0.4 volts to 10 volts 

DC Offset -5 volts to +5 volts 

Polarity Positive or negative 

A group of Tektronix generators were designed to meet 
the exacting requirements of oscilloscope calibration. The  
precise performance of these units make them well suited 
in other applications where similar qualities are required. 

I n  addition, \\.hen you need results to be close to or better 
than instrument specifications, a calibration instrument 
available for daily use can be insurance against errors and 
wasted efforts. The  106, 191, and 184 are calibration in- 
struments often used outside the calibration laboratory. 

The  106 provides simultaneous positive and negative-going 
output transitions \z,ith 2 1 ns risetime into 50 Q. Mini- 

. - 
oscilloscope transient response. This instrument is also 
useful in diode recovery, core testing, digital, analog design 
and other applications. 

Type 191 is a variable-frequency sine v,.ave generator v.,hose 

output maintains constant-amplitude over the entire fre- 
quency range of 350 kHz to 100 MHz. Amplitude is held 
constant during frequency variations by continuous sam- 
pling of the output voltage. Both output amplitude and 
frequency are calibrated. 

The  Type 284 Pulse Generator is very useful for verify- 
ing the performance of sampling oscilloscopes. This gen- 
erator offers, in one small instrument, all of the signals 
required to check the risetime, vertical deflection factors, 
and horizontal slzeep rates. A pre-trigger is provided for 
non-delay line systems. 

I n  addition to checking the transient response of sampling 
oscilloscopes, the 70 picosecond, pulse output is an  excel- 
lent 50 S1 signal source for T D R  measurements. T h e  Type 
284 is available in a cabinet version, or modified for rack- 
mounting in standard 19-inch rack. 



Television 
If you have ever had your television picture roll, you 
probably have seen a VITS. In that dark area between 
pictures, a horizontal line or two may have a set of dots, 
a series of various levels of grey, or a series of luminance 
changes. These are VITS or VERTICAL INTERVAL 
TEST SIGNALS. Vertical Interval Test Signals are one 
of a group of test signals used by broadcasters and net- 
works to verify system quality. 

The composite television signal is an extremely complex, 
analog signal requiring fidelity in every stage from cam- 
era to home receiver. Without attention, each of the 
many processing and transmission stages will take a little 
information out of the signal. The cumulative effect 
through many stages can be significant. Since small deg- 
radations are difficult to analyze subjectively on picture 
monitors, the broadcast industry uses test waveforms and 
oscilloscopes instead. These test waveforms are based 
on the special character of the camera signal, the band- 
width limitations of the T V  channel and the problems 
of interaction of color and black and white signals. 

The Tektronix 140 NTSC Signal Generator is a source of 
several precise test waveforms for measuring chromi- 
nance and luminance interactions. These interactions are 
one of the major problems that occur when nonlinearities 
exist anywhere in a T V  system. The 140 generates three 
test signals for measuring the effects of these nonlineari- 
ties. One waveform is the Modulated Stairstep; five 
equal steps of luminance modulated with 3.58 MHz 
chrominance. The chrominance amplitude is equal to 
the luminance riser amplitude. In T V  systems Chromi- 
nance Phase and Gain can differ with luminance level. 
The measurements made with Modulated Stairstep are 
called Differential Gain and Differential Phase. Varia- 
tions on these measurements include inserting the mod- 
ulated stairstep on every fifth line with the other four 
lines held at a variable level of luminance. These levels 
are changed to simulate varying average picture level 
(APL) conditions. 

Test Signals 

Another effect that can be measured with a 140 is called 
Luminance Cross Modulation. This is the effect of 
various chrominance levels on luminance. For some years 
the phase of chrominance was considered to be the only 
critical parameter for true hue reproduction. The color 
signal, however, does have a luminance component. If 
the luminance component is changed (distorted) in 
amplitude, the viewed effect is often subjectively judged 
to be a phase (hue) distortion. To  test for Luminance 
Cross hlodulation, the 140 provides a second waveform, 
a variable luminance level modulated by three levels of 
chrominance. The luminance, after demodulation, is 
measured on a waveform monitor for distortions of level 
caused by chrominance. 

Color bars are widely used for a quick check of picture 
quality. A trained observer who sees minor color dif- 
ferences on a picture monitor display of color bars can 
make measurements with a vectorscope. With a vector 
display he can quickly measure errors of amplitude 
and phase for each color bar. Eight bars are gener- 
ated; white, six colors, and black. Each color bar is 
generated in the order of its luminance value. 

Color Bars and Modulated Stairstep signals are normally 
used in off-the-air testing. When program material is 
being broadcast, the two signals can be used as VITS. 
Since the Vertical Interval Test Signal occurs during 
the time used for vertical blanking, it does not conflict 
with any picture being transmitted. The VITS is a 
quantitative signal that can be analyzed at any point 
from camera to receiver. All interested parties use the 
VITS to verify the quality of what he is receiving and 
what his system is adding to or subtracting from the 
transmitted picture. 

The 140 can add color bars or modulated stairstep to 
program material. For VITS Insertion the 140 can 
serve as the MASTER SYNC source or can be slaved 
to program sync. If program composite sync and sub- 
carrier are not separately available, we recommend the 
set up below. 

SYNC I IN 3.I 

VITS 
INSERTION 

140 VlTS insertion with program material. 

CONCEPT BOOKS 

Tehtronix has published two paper bound books in the 
CONCEPT SERIES containing television information. 
These are available at nominal cost from Tektronix. 
TELEVISION SYSTERlS MEASUREhlENTS by 
Gerald Eastman discusses measurement techniques used 
in the telelision broadcast studio. T V  SYSTEM 
5IEASURElIENTS can be ordered using part number 
062-1064-00. TELEVISION WAVEFORM PRO- 
CESSING CIRCUITS, part number 062-0955-00, by 
the same author, describes the circuit concepts of Tek- 
tronix wavefrom monitors and vectorscopes. 



the 7000-series oscilloscopes 
as signal sources 

This is how a time base produces the gate for unblanking 
and the sweep sawtooth. The same gate and sweep saw- 
tooth can drive, gate or control devices external to the 
scope. 

A substantial portion of an oscilloscope is often avail- -- 
able as signal sources. These sources are outputs of -I- L 
vertical amplifiers, time base generators and the cali- UNBLANKING 

brator. These outputs are normally thought of as 

The 7704, 7501, and the new 7503 have four signal 
outputs: SAWTOOTH, + GATE, CALIBRATOR, 
and VERTICAL SIGNAL OUT.  The SAIVTOOTH 
and + GATE each originate in time base circuitry; the 
CALIBRATOR independently produces squarewaves 
but may be driven by a time base gate. The VERTI- 
CAL SIGNAL O U T  is derived from the vertical am- 
plifier. An examination of each source in detail fol- 
lows. 

auxiliary to most scope applications. Knowledge of how 
they work and their characteristics extend the useful- 
ness of your scope beyond routine work. 

SAWTOOTH AND + GATE 

TIME BASE 
MULTl 

130th gate and sawtooth are procluced by time base gen- 

The panel area of a 7704 has four signal source outputs erators for unblanking the CRT and sweeping the de- 
from seven generators and amplifiers. flection system. A niulti\ibrator produces the gate. This 
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NON-DELAYED GATE & SAWTOOTH 

CRT 

+SAWTOOTH 
TlME 

+GATE 

multivibrator may be triggered or internally caused to 
free run producing a gate that is integrated, generating 
a sawtooth for time base deflection. A portion of the 
sawtooth separately resets the multivibrator. The dura- 
tion of all time base wareforms is determined by saw- 
tooth rate of change ancl the reset voltage level of the 
multivibrator. Duration of gate and sawtooth is there- 
fore directly controlled by the T I M E  PER DIVISION 
control. Duration and sweep length in time are, for 
practical purposes, identical. T I M E  PER DIVISION 
times ten di\isions approsimately equals duration of 
the + GATE and + SAWTOOTH. 

Period of both sawtooth and gate will be duration plus 
retrace and hold off time. Hold off is a built in inter- 
val before the nest waveform cycle can occur. I t  is 
very significant at fast sweep rates, but becomes in- 
consequential for nleclium to slow sweeps. In  most cases, 
the user may use 10 X TM/DIV as an approximation 
period. I t  is well worth while to use a second oscillo- 
scope to fully understand the full effects of the s o z ~ ~ c e  

scope's controls on its own outputs. 

In the 7704, 7504 and 7503 the + GATE can be set 
as a delayed gate. This is a gate initiated at a select- 
able time after a delay time base starts. In the 7704 
and 7501- a delayed sawtooth can also be produced. 
The duration of the delayed waveform is determined by 
the delayed time base T I M E  PER DIVISION control. 

Gates and sawtooths have controllable time relation- 
ships with the display and can be used to initiate exter- 
nally generated events, control swept systems, and pro- 

DELAYED GATE & SAWTOOTH 

'iiE3333 t K t d 1  

4 
TIME fl. DELAY TIME 
BASE A - CIRCUIT ----) BASE B n - 

T, 1. TlME BASE A TIMEIDIV X 10 . .. . . . . . - - . . - - . . . . - - 

Tll e TlME BASE B TIMEIDIV X 10 
TI, e TlME BASE A TIMEIDIV X DELAY MULTIPLIER 
Ta .,,,I 11 1. A RETRACE & HOLD OFF 

vide versatile waveforms for other applications. An ex- 
ample of how the sawtooth may be used is shown on 
page 13 of this issue. 

CALIBRATOR 

The  7000-Series Calibrator has the following purposes: 

1. Verification of deflection factor accuracy for both 
voltage and current. 

2. Iiesponse co~npensation signal for both voltage 
ancl current probes. 

3. Verification of mid-range time base accuracy. 

Voltage probes have a required compensation adjust- 
ment in the range of 500 microseconds. For this reason, 
the Calibrator in the 7000-Series has a one kilohertz 
squarewaire output. Current probes require longer dur- 
ation waveforms for adjusting compensation. The  7000 
Calibrator proxides such signals by using the period of 
Time Base B d i ~ i d e d  by two to generate gate periods 
beyond four minutes. This long period provides a 
useful waleform for measuring long time constant ef- 
fects in other circuits. For esample: Long duration 
step waveforms are useful in detection of low frequency 
bandwidth problems. 



7000-SERIES OUTPUT CHARACTERISTICS 

LOAD I RATE OF RISE I PEAK 

50 Ohm 1 50 mV/Div I >500mV 
- 

1 Megohm I 1 VIDiv I 2 l O V  
Short I >I  mA/Div / 2 l O m A  

Output Source Impedance 950 I? -;i: 2% 

I GATE 

1 LOAD I OUTPUT VOLTS I RISETIME I 
1 50 Ohm 1 0.5 V i- 10% I i 2 0 n s  I 

VERTiCAL S I G N A L  OUTPUT 
I 

[ 1 Megohm 1 10 V i- 10% - 

I 1 Megohm / 0.5 VIVertical Div i- 10% 1 

LOAD 

Source lmpedance 950Q 1 2% 

OUTPUT VOLTS 

VERTICAL SIGNAL OUTPUT 

50 Ohm 1 25 mVIVertical Div i- 10% 

A wide variety of amplified and/or mixed signals may 
be produced by the SIC O U T  circuitry. T o  fully uti- 
lize all possibilities, you must understand the relation- 
ship of vertical controls and vertical time sharing to the 
composite waveform produced. 

The vertical amplifier signal selected by the B TRIG- 

GER SOURCE switch is the signal available at the SIC 
OUT connector. The character of that signal is af- 
fected by several factors. The dc level is directly af- 
fected by vertical positioning controls. A measurement 
should be made of the output level to determine what 
vertical position should be used if the output dc level 
is important. Absolute signal voltage out is determined 
by the vertical deflection factor. For example, the out- 
put at 10 millivolts per division deflection factor will 
be twice that at 20 millivolts per division. Any signal 
causing off-screen deflection may produce amplitude 
distortion. Any time shared output will lose informa- 
tion during the switching time. Time sharing, algebraic 
addition, deflection factor and vertical position all af- 
fect the character of the signal out. 

The SIC O U T  may be used to drive auxiliary devices 
such as counters, provide composites of two or more 
signal inputs, or selectively gate a signal on and off. 

VERTICAL MODE 

SIG OUT 

These 7000-Series push button selectors determine which plug-in signal is amplified and available at the SIG OUT connector. 
The same "Time Shared" signals driving the CRT are available at the output when B Trigger Source is in VERT MODE. The 
LEFT VERT or RIGHT VERT buttons of the B Trigger Source switch selects one of the two plug-ins as the output signal source. 

I 

- ,. -7 
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PLUG-IN 

LEFT VERT RIGHT VERT 
U 

PLUG-IN 



asily from one thing to  another 
Oscilloscope Versatility By Addition 

Versatile is a much used word. liepetition of the word 
has reduced its meaning, but it is still the best one word 
description of a general purpose instrument. The title 
of this article, taken from Webster's, is the meaning of 
versatile that fits the Tektronis 7000-Series. The 7000- 
Series has new ways to meet your future measurement 
needs. 

The  ability to turn easily from one performance char- 
acteristic to another has long been associated with plug- 
in substitution. Since substitution is so firmly estab- 
lished, it is easy to overlook the possibility that plug-in 
substitution only is a limited concept. Limited, if all 
that is pos\ible is a change from one perforn~ance fea- 
ture to another. 

Change of oscilloscope ~ w t i c a l  amplifier character- 
istics was featured in the Tektronix 112 external am- 
plifier 20 years ago. 'This "outboard" amplifiel- con- 
\,ertecl the 10 MHz, 30 inillivolt per division, 5 14 oscillo- 
scope to something else: A 5 millivolt per division, 
diffel-ential input instrument. The outboard approach 
was soon overshaclowccl by plug-in methods of substi- 
tution. That innovation was introduced by the Tek- 
tronis 5301540 Series. Plug-ins were a major contri- 
bution in the early 50's. Easy substitution of state of 
the art, high performance features protected the fu- 
ture \ d u e  of the plug-in oscilloscope. Substitution was 
simple ancl could be done any time. The value of easy 
substitution hy plug-in change immediately became a 
sought after oscilloscope feature. Perfor~nance change 
by plug-in substitution was extended to horizontal sys- 
tems with the introduction of the 536, 561, and 647. 

Selection of a general purpose oscilloscope is a long term 
commitment and the instrument selected must serve 
y o ~ r  needs for many years. I t  is certain that more 
features will be required, but precisely what features 
will be needed is uncertain. Since plug-ins are a proven 
way to substitute features, when adapting to new mea- 
surement needs a plug-in scope is certain to be con- 
sidered. T o  meet future needs more completely, the 
7000-Series allows the ADDITION as well as the sub- 
stitution of features. 

The ability to ADD features is built into the 7000-Series 
oscilloscope. For example: The  mainframe circuits 
will function without plug-ins. Addition of a plug-in 
time base ancl plug-in amplifier will create a fully func- 
tional oscilloscope. Even when the other one or two 
plug-in compartments are empty! 



Since the present three 7000-Series scopes are fully 
functional with only two plug-ins you can have a com- 
plete single or dual trace, delaying sweep instrument by 
using just two plug-ins. Plug-in capacity is reserved 
for future additional performance. When it is needed, 
performance can be easily added to the plug-in features 
already in use. Attractive blank panels are available 
to use in the plug-in compartment reserved for future 
needs. 

There are currently three oscilloscopes in the 7000-Series 
family: The  four plug-in compartment 7704 with DC 
to 150 MHz performance, the four plug-in compartment 
7504 with DC to 90 MHz performance, and the new 
7503 featuring three plug-in compartments and D C  to 
90 MHz performance. 

AUTO SCALE-FACTOR READOUT 

The Tektronis Auto Scale-Factor Readout process, 
very much simplified, involves an analog encoding of 
plug-in control settings, pulse interrogation of that 

analog information, A to D conversion, and character 
generation controlled by the converted data, time 
shared into the scope's output amplifier. The logic 
used in the process of Auto Scale-Factor Readout is 
located either on the plug-in or the plug on character 
generator board. Because the mainframe does not have 
the Auto Scale-Factor circuitry hard wired in, a scope 
user can readily reserve capacity for its future addition. 
Two or three plug-ins in an Option 1 7000-Series main- 
frame" is a high performance scope today and an es- 
cellent investment in the future. This starter approach, 
without Auto Scale-Factor Iieado~it, allows advanced 
scope performance today at minimum cost. Option 1 
reserves capacity for future AUTO SCALE-FACTOR 
liEADOUT with no cost penalty. 

The 7000-Series Readout includes 50 characters. The 
CRT display can include up to 8 words of 10 characters 
each. Two words are controlled by each plug-in in use. 
Complete sets of Scale Factors for voltage, current and 
time plus symbols and words for polarities, greater than 
and identify are generated as appropriate. 
"Listed in the 1970 Catalog on page 34 as OPTION 1. 
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TROUBLESHOOTING SAMPLING SYSTEMS PART II 

By Charles Phillips 

Product Service Technician, Factory Service Center 

In the  last issue, w e  covered the  vertical circuitry of a 
cc composite" Tek t ron ix  Sampl ing  Oscilloscope. T h i s  

issue discusses troubleshooting the  typical Izorizontal 
system of that  scope. 

A spot or trace on screen is very useful in analyzing and 
finding problerns in any scope. T o  eliminate the effects of 
most vertical problems, slip the NORM/INVERT switch 
to its center. A trace or spot lvill be centered vertically 
escept when the vertical output circuits are defective. Use 
the horizontal position control to verify that the horizontal 
deflection amplifier is functioning. 

In the absence of a trace, rotate the trigger sensitivity con- 
trol. If no time base appears, switch to a manual scan 
mode. In  manual scan, a variable DC voltage is substituted 
for the staircase equivalent time base. The manual scan 
should plot a horizontal line. 

After you have established that the horizontal amplifier 
and staircase circuitry are operating, set the NORM/IN- 
VERT stvitch to NORM. Now let's proceed to the trigger 
circuitry. Regenerated trigger pulses should appear at the 
front panel trigger output connector or at the input to the 
fast ramp stage if the triggcr circuit is operative. Use the 
trigger sensitivity control over its full range until trigger 
waveforms appear. 

Slide switches of this type "break before make". This allows 
the troubleshooter to select a mid-range break position that 
opens the input to the output amplifier. 

We nolv proceed to the fast ramp and comparator. With the 
regenerated trigger operational, a timing ramp of short 
duration should be generated. At the input to the com- 
parator, a sletving ramp waveform should appear on a test 
scope. This slewing waveform verifies operation of the fast 
ramp and comparator. When the staircase is not function- 
ing, the manual scan may be substituted for the staircase 
to analyze the fast ramp and comparator. 



GENERAL TROUBLESHOOTING TECHNIQUES 

The techniques used in troubleshooting sampling circuits 
are generally the same as for any other circuit. You should 
know the function of front panel controls and how the cir- 
cuits work. In  any malf~inctioning circuit, transistors and 
tunnel diodes are the most suspect components. Here are 
some of the techniques that 1t.e have found helpful in locat- 
ing defective components. 

If you have a unit that is intermittent or drifts, routine checks 
may reveal no prol~lem. Use a small, portable hair dryer 
to apply heat to the area whcre a problem is suspected. 
Then cool that area ~vi th spray-type, circuit cooler. The 
quick change in temperature will normally cause a defec- 
tive component to malfunction severely. In  many cases, 
the component \\ill open or short. Locating the defective 
part should then be easy. 

Elusive intermittents are often nailed by using circuit cooler 
and a hair dryer. 

Some tunnel diode troubles are hard to detect. For ex- 
ample, the sampling system may operate, but the operation 
is not "normal". Triggering insensitivity, display jitter, 
balky time base operation all may be caused by a sluggish 
tunnel diode. A Tektronix 576 or 575 Curve Tracer is a 
very valuable instrument for identifying marginal tunnel 
diodes and transistors. A sluggish tunnel diode develops 
excessive voltage before switching. A slower "turn on" 

Chuck Phillips uses the 7504 Oscilloscope Sawtooth to verify 
correct TD performance. 

voltage than normal results. A good tunnel diode will switch 
at  about 100mV. A sluggish tunnel diode can develop 
200 mV or more before switching. 

Other methods of testing tunnel diodes are helpful where 
no curve tracer is available. The sawtooth output from a 
scope may be used to drive the tunnel diode to determine 
its switching point. 

The sawtooth on a 7000-Series scope is a handy tunnel 
diode test signal. 10 mA or less TD's may be checked 
by placing them across a probe from ground lead to 
tip. The tip is then touched to the sawtooth output. The 
resulting display will show the voltage across the T D  in 
the vertical axis. Each horizontal division will represent 
approximately one milliampere. A good 4.7 mA device will 
switch between the fourth and fifth horizontal division and 
develop about 500 n1V. Caution: Some other scope sawtooth 
outputs are not current limited; a limiting resistor must be 
used. 

Go, No/Go tests may be made with the multimeter. With 
power on, an in circuit voltage measurement across a tun- 
nel diode should read 200 to 600 millivolts. A reading of 
0 volts or substantially greater than 600 millivolts is a good 
indication of a shorted or open tunnel diode. 

Marginal Tunnel Diodes are quickly detected with Tektronix 576 Curve Tracer. In the left photo, the "good" TD switches at 
4.7 mA and 60 rnV. The "poor" unit develops 160 mV before switching at 4.7 mA. The right photo shows "acceptable" wave- 
forms made with the AC position of the 576. The AC Mode is a full sinewave sweep mode useful in making quick diode 
checks. I t  eliminates the need to observe diode polarities. (Photos are double exposed.) 



Horizontal Amplifier 

PROBLEMS & CHECKS 

Fast Ramp 

Problem: 

Check: 

Prolllem: 

Check: 

Staircase 

Prol)lem: 

Check: 

Problem: 

Check: 

Position control .ivill not move trace or position- 
ing range is not normal. 

A. S~veep centering adjustment for proper cen- 
tering. 

B. Output stage for unbalance. 

Display compression or expansion. 

A. Output stage. 

Generator 

S\veep starts at a different point on screen than it 
does in the manual scan position. 

A. Staircase DC lcvcl adjustment. 
B. Output stage tul~c,  nuvistor, or transistor. 

No single sweep operation \vhcn in the single 
sweep mode. 

A. Tunnel diode stage in staircase circuitry. 

Prolllem: 

Check: 

Problem: 

Check: 

Problem: 

Check: 

l'roblem: 

Check: 

Siveep nonlinearity a t  beginning of trace. 

11. For proper adjustment of the comparator. 
B. Comparator tunnel diode. 

Slashing Ilctiveen dots or other indications of i ~ n -  
proper blanking or unblanking. 

A. Transistors in the staircase inverter circuit. 

Tinie \lase calibration changes with different 
values of trigger sensitivity. 

11. Transistor at  input of the fast ramp where 
the regenerated trigger signal is applied. 

Center of time base is nonlinear. 

A. Nuvistor or transistor in siveep calibration ad- 
just~nent stage. 

USEFUL IC TOOLS 

Integrated circuits are shoi\ing up every~vhere. Here are 
se\ era1 handy I C  handling tools available through your 
locnl sufipliers. 

The first item is particularly useful in removing T O 5  case 
devices. This tool, manufactured by T h e  Ephrata Tool 
Co., has tips that grip the T O 5  case securely for pulling out 

of sockets or Iloards. 'l'liis tool also has a handy set up for 
trimming T O 5  leads neatly and easily. 

Integrated Circuit Test Clip manufactured by AI' Incor- 
porated snaps over a 16 pin line like a clothes pin. I t  pro- 
vides accessil~le test points and can help you pull suspect 
I C  out of sockets and boards. Two  sizes are available: 
0.3 inch #923700 and 0.5 inch #923702. 

Trimming individual leads on integrated circuits and tran- 
sistors is a nuisance. This Ephrata cutter does the job with 
less effort. 

Dual in-line integrated circuits often lack convenient probe 
test points. The AP, Inc. test clip simplifies the probing job. 



MODIFIED AND DO IT YOURSELF TOOLS 

From time to time, r te mention tools that a re  co~nmercially 
available t h ~ o ~ g h  local suppliers. These tools are  mentioned 
as a service to people who are concerned with the responsi- 
bility of insuring instrument quality. 

W e  occasionally mention standard tools modified to ease a 
particular job. These tools will also be readily available 
from your local suppliers and you can make the modifica- 
tion. 

Sampling gate diode characteristics are  critical to sampling pressures a t  the tip. A type with jaws almost as long as  
system perforlnance. I t  is generally best, for that reason, the handles is good. 
not to touch the body of the diode while performing any 

Occasionally, you find an in a spot where 
checks or replacements. I f  do  touch them, be , long, flexible s ~ ~ ~ ~ . d ~ i ~ ~ ~  \iou1d be halidy. A riinpie and 
overly concerned; they probably will be still okay. easy to make tool has been used to advantaee by some of ., . 
ii long-nose pliers may be easily modified to  facilitate in- our people. Take a 12 inch length of number 14 buss wire, 
sertion and removal of gate diodes without touching them flatten the end and  slip a piece of spaghetti over all but 
with your fingers. Grind out a groove on each jaw near the ends. Take a small knob (of a type used on snlall shafts) 
the tip and you will have a handy devicc to use in tight and fasten to round end of the "screwdriver" shaft. You 
spaces. T h e  long-nose pliers that you modify should be no\\. have an insulated tool to use in recessed narrow areas 
of a type that  does not normally develop high, crushing for lo\\-torque adjustments. 

INSTRUMENTS FOR SALE 

3S1, 3T77A $1 700. William McPerson, 
Powers Wire Products, 10180 E. Valley 
Blvd., El Monte, California 91731. (213) 
283-0321. 

531 with 53/B Plug-In. $500. Chuck 
Frederickson, Univac Fed. Systems Divi- 
sion, 475 No. Prior Avenue, St. Paul, 
Minnesota 55104. (612) 645-851 1, Ext. 
3308. 
525. $550. Mr. L. R.  Roche, Dyna 
Technolo~y,  Inc.., Sioux City, Iowa 
51102. (712) 252-1821. 
547, 1Al .  Scope-Mobile Cart. $1950. 
George Payne, 806 Third Avenue, Sweet 
Home, O r ~ e o n  97386. (503) 753-8482. 
5 17A. Henry Thomas, Electronics De- 
partment, McAllen High School, 2021 
Lavista, McAllen, Texas 78501. 
310A. $600. Tom Fisher, Standard Com- 
munications, 620 E. 219th Street, Tor- 
rance, California 90502. (2  13) 775-6284. 
107. Price open. Mike Brady, Instru- 
mentation Services, 957 Winnetka Ave- 
nue North, Minneapolis,  Minnesota 
55427. (612)  545-8916. 
517. $1000. 514D. $100. Dennis R.  
Menses, FMC Corporation, 220 South 
Belmont Avenue, Indianapolis, Indiana 
46206. (31  7) 632-541 1. 

547, 1 A l ,  1S1. All for $3000 or individu- 
ally. Palmer Agnew, 314 Front Street, 
Owego, New York 13827. 
3B4. $300. Mr. Moss, Eastwood Indus- 
tries, 1 10 1-1 1 West Armitage Avenue, 
Chicago, Illinois 60614. (312) 472-8662. 

190B. $275. Bob Lishtner, Audio Sup- 
ply, 81 North Atlantic, Cocoa Beach, 
Florida. (305) 783-3062. 
545S6. $900. Mr. M. Stephanski, Del- 
tron, Inc., Wissahickon Avenue, North 
Wales, Pennsylvania 19454. (2  15) 699- 
9261. 
575, Mod 122C. $900. Jack Fields, 
Carrier Corp., Carrier Parkway, Syra- 
cuse, New York 13201. (315) 463-8411, 
Ext. 3365 or 3366. 
54.7, l A l ,  11 1. Mr. Tibol, Semi-Ele- 
rnents, Inc., Saxonburg Blvd., Saxon- 
burg, Pennsylvania 16056. (412) 265- 
1581. 
661, 4S2, 5T1.4, $2000. John McAlpine, 
Linear Accelerator Lab., University of 
Saskatche\van, Saskatoon, Saskatchewan. 
(306) 343-451 1. 
545 with plug-ins 53/54C, 53/54L, M. 
$750. D.  K. McDonald, Electronic Sys- 
tems, P.O. Box 20391, Denver, Colorado 
80220. 
454 \vith extras. $2200. Hull Industries, 
Santa Monica, California (21 3)  451- 
2215. 

LC130, 317, 503, 515, several 5301540 
Scopes ~vi th  plug-ins. Henry Posner, 
Pacific Combustion Engineering Co., 
5272 E. Valley Blvd., L A . ,  California 
90032. 

561B, 3S2, 3T2, Two -- S2 heads. Wil- 
mar Electronics, 2103 Border Avenue, 
Torrance, California 90501. (213) 320- 
6565. Price for all units- $2250. 

3T77. $325. 3S3. $750. Al Nelson. 
(303) 733-0421. 

180 Time Mark Generator $150. Plus- 
In Units, 53C $95, 53/54K $75, "S" $50, 
545 $850. Jim McKim, 5601 Del Cerro 
Blvd., San Diego, California 92120. 
(714) 583-4076. 

561, Plug-Ins 2.461, 2B67, $650 Paul 
F. Fitts, Innovatek Enterprise, Smithfield 
Road, Millerton, New York 12546. (914) 
373-9122. 

INSTRUMENTS WANTED 

555. Henry Thomas, Electronics Depart- 
ment, McAllen Hish  School, 2021 La- 
Vista, McAllen, Texas 78501. 

570. Chris McIntyre, 13 Laurel Village, 
Beaufort, South Carolina 29902. 

422. George Rademacher, Jr., Georges 
Mfg. Corp., 991 5 Pacific Avenue, Frank- 
lin Park, Illinois 60 131. (31 2) 625-5860. 

Printed in U.S.A. 5/70 A-2424 
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Interactive Graphics 
I t  is easier to point to a location than to describe it. That 
is a fundamental concept in Tektronix Interactive Graphics. 
Interactive Graphics is the operation of pointing when a 
man talks to machine a b o ~ ~ t  a graphic display. 

Pointing in communications bet~veen people is a mechani- 
cal action, \risually interpreted. Pointing in conmlunications 
bet\veen man and computer is a mechanical action by the 
man, electronically interpreted by the computer through a 
computer terminal. 

The C R T  in graphic terminals is a one-\yay device. I t  dis- 
plays, but it does not see. I t  has no electrical character- 
istics that are easily used for seeing information from the 
man. You cannot point anything a t  the display C R T  and 
have the C R T  see the point. 

There are ways to point to locations on CRT's and have the 
computer terminal "see" that location. O n  a refreshed CRT,  
any point on the C R T  face is scanned repeatedly with 
a process similar to that used in television. Scanning is 
a precisely timed process. If a photosensitive device is 
pointed a t  a CRT,  an electrical pulse is developed each 
time that location is scanned. This pulse has a time rela- 
tionship in the scan sequence that can be processed and 
comm~rnicaled to a computer. The  photosensitive device is 
generally called a L I G H T  PEN. 

LIGHT PENS are commonly used with refreshed CRT's, 
but they cannot be precisely placed on the location pointed 

to. Mechanical parallax results from the separation of 
the display and the C R T  surface. Other parallax prob- 
lems are caused hy electronic dissimilarity between sep- 
arate write and read circuitry. 

The  Tektronix T4002 Graphic Computer Terminal uses a 
pointer that is unique, accurate, and simple. This pointer uses 
the \\rite-through function of the Tektronix Bistable Stor- 
age Tube to eliminate mechanical parallax. A cross-hair 
cursor (pointer) is written through the stored graphic dis- 
play.   he terminal operator points by positioning the cross- 
hair cursor on the graphic display. O n  command, A to D 
conversion precisely defines the location in digital form. 
This data is sent to the computer. No~v, the computer can 
see the operator's point ~vithin one least significant loca- 
tion bit. 

T h e  pointing device used by the operator can be a mouse, 
scratch pad or the Tektronix Joystick. The  Joystick is an 
accessory to the 4901 Interactive Graphic Unit. The 4901 
can communicate location precisely on the T4.002 Graphic 
Computer Terminal because the voltages developed by the 
Joystick, or any similar device are seen by the same cir- 
cuitry used to plot the original, computer-generated dis- 
play. 

The  Tektronix T4002 Graphic Computer Terminal with the 
unique 4901 INTERACTIVE GRAPHIC UNIT achieves 
no parallax, two-~vay graphic colnmunications. 
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systems 

Complete testing of integrated circuits may require fifty or more 
measurements under varied stimulus and load situations. When 
thousands of devices must be tested, problems become formidable 
and it is obvious that sophisticated, automatic measurement sys- 
tems are required. Where fewer measurements on a lesser num- 
ber of devices are to be made, simpler systems can perform the 
same tests-and at economical per unit cost rates. 

2 @ 1970, Tektronix, Inc. A l l  Rights Reserved. 

U.S.A. and Foreign Tektronix products covered by U.S. ond  Foreign Patents and /o r  Patents Pending. 



Automatic Measurement System by Tektronix, Inc., 
simple or  sophisticated, are all able to make the same 
measurements. Measurcnicnt repeatability between 
sophisticated and simple systeins makes it possible to 
correlate results between systems. Now the cle\dop- 
ment lab and manufacturing plant of the integratccl 
circuit producer and the integrated circuit user can 
make the  same tests, using the same basic measurement 
package and their results will correlate. 
? 7 lektronis manufactures a number of automatic inea- 
surenwnt systems used in integrated circuit, sciniconduc- 
tor, and board testing. These systems all are built around 
the same basic measurement package. Differences are 
in fixturing, stimulus, handling and programming. Sys- 

tems by Tektronix, Inc. are built using standard catalog 
products, supplemented with products from other manu- 
facturers. Since both systems and their components are 
catalog products, many options and choices are open to 
the user. 

Choice One-Purchase a fully operational system with 
catalog specified performance. Catalog systems are as- 
sembled, tested, and, in the case of the more complex 
packages, installed by digital systems specialists. Train- 
ing for systems support personnel is available at no 
extra cost. 

Choice Two-The Tektronis Automated Systems group 
can add custom measurement capacity to standard cata- 
log systems. A significant number of delilwed systems 
have been tailored to individual customer needs by 
modification or the addition of products of other manu- 
facturers. Custom systems can include dvm's, power sup- 
plies, stin~ulus sources, fisturing, handlers, ctc. 

Choice 'I'hree-Systems components can be assenlbled by 
the customer. 11: is occasionally an advantage for a cus- 
tomer to use his in-house system assembly capacity. 
'Tektronis catalog products: used in systems, are readily 
combined using standard accessories and hardware. I t  
may well be that some Tektronix systems instruments 
are already in use in-house. Integration of these instru- 
ments in customer-assembled systems is very practical. 
Customers can also expand their existing Tektronis 
systeins by adding cataloged items. A 241 Programmer, 
for example, is an escellent addition to a bench set up 
that includes a 568 Iieadout Scope and 230 Digital Unit. 

BASIC MEASUREMENT PACKAGE 

The basic measurement package in a Tektronix system 
consists of a 568 Readout Oscilloscope and plug-ins plus 
a 230 Digital Unit. The  prime function of the 230 is 
conversion of sampled analog data to digital form. 
An understanding of the 230 Digital Unit and sampling 
is the key to understanding how Tektronix systems make 
measurements. 

Sampling was developed to display fast information on 
response limited devices such as the cathode ray tube. 
I t  was found that the conversion of fast, repetitive in- 
formation by sampl in~  not only provided the technique 
for analog display, but formed a basis for further con- 
version to digital form. Digitizing of the analog display 
formed by the sampling process takes place in the 230 
Digital Unit. 

Fundamental to the 230 digitizin~ process is the use of a 
precise nuinber of samples per C R T  horizontal division. 
The  horizontal axis of the sampling scope is scaled in 
equivalent time per division; therefore, each sample 
represents a n  equivalent time period. A group of equiva- 
lent time periods form an equiuaLe1zt t imc clock. For 



example, if the number of samples per division is 100 
and the time per division is 1 nanosecond, each sample 
represents 10 pico-seconds. 

Many system measurements are of time differences be- 
tween two levels or percentages of amplitudes. I t  is a 
relatively simple process for the 230 to store voltages 
representative of peak amplitudes on a C l i T  waveform. 
These memorized 1,oltages are divided and used to set 
separate start and stop count comparators. When the 
230 is programmed for a period measurement, the count 
starts at  50% amplitude on the plus (or minus) slope 
and stops a t  50% amplitude on the negative (or plus) 
slope. The  count and scaling of the counted samples 
(equivalent time clock) provides the digitized value of 
period. Most 230 time measurements are made with 
this technique of counting samples between two wave- 
form points. 

Voltage measurements require a different, but equally 
straight-forward technique. The waveform peak volt- 
ages stored in memory are used to start and stop a count 
of an internally generated, 10 MHz clock. The technique 
used compares a ramp against the memory levels, the 
resulting count is scaled and presented in alphanumerics. 

Time and amplitude data in digital form is also used by 
the 230 to make decisions as to whether a test result is 
above, below, or within limits. The  readout and limits 
data is also available for driving external devices such as 
printers and handlers. The  230's ability to make test 
result decisions enables less skilled individuals to complete 
complex tests without using analytical skills. With the 
230 Digital Unit and the 568 Readout Oscilloscope. 
only one more unit is needed to form a basic automatic 
system. Tha t  unit is the 241 Programmer. 

FACTORS IN PROGRAMMING A SYSTEM 

Any front panel controlled function in a system by Tek- 
tronix, Inc. can be duplicated by a program control 
unit. This generalization applies with very few excep- 
tions. I n  addition, some system functions are only avail- 
able through program control units. The  degree of 
programmability and con~ponents of the program control 
group varies with the measurement rate and the number 
of devices to be tested by the system. 

Automatic measurement systems are most used where 
the same measurements must be made repeatedly. This is 
particularly true when a large volume of units must be 
tested. Time required for manual operations are usually 
more significant than measurement rate in influencing 
the number of devices that may be tested per hour. The  
factors influencing time per measurement on a manually 
controlled instrument system might be arbitrarily listed 
in descending order of importance when just one mea- 
surement on one device must be made: 

1. Getting the test system together. 

2. Coupling power and stimuli to test system com- 
ponents. 

3. Setting up the test conditions. 

4. Adjusting instrument controls. 

5. Interpreting indicated values. 

When more tests on more units are to be made, it is the 
steps that are repeated often that are candidates for 
automation. 

I t  is always step 5, interpreting indicated values, that is 
tackled first in automating measurements. This is so 
because it is the readout and interpretation process that 
is repeated in every measurement, while the other time 
consuming steps are often set up once for a sequence of 
measurements on the same device. With a simple system, 
consisting of a 568 Scope and a 230 Digital Unit, we 
must change the digital unit's instructions to make each 
of a sequence of tests. I t  is probable that scope sensitivity 
and equivalent time controls are only occasionally 
touched during the same test sequence. Test conditions, 
stimulus and loads, may seldom be altered. Cabling and 
test circuitry are often fixed, especially in simple systems. 
I t  is the functions of those controls that are most often 
used that are first put under program control. As more 
measurements on a greater number of units are required, 
manual operations are less and less tolerable. I n  a sys- 
tem like S3150, for example, the insertion of devices 
and selection or initiation of program are the only con- 
spicuous manual operations. 

With one exception, Tektronis systems instruments use 
parallel, negative logic. A simple %round closure or an 
applied voltage between 0 and + 2  volts represents a 
logical one. Logical zero is formed by an  open circuit 



trol Unit with a disc memory, holding up to 1600 mea- 
surements, fills the expanded need. 

Programming with the 241 is simply a matter of inserting 
diodes. 

or an applied voltage between + 6  and + 12 volts. A 
saturated transistor or a closed relay can readily form a 
logical one. A non-conducting transistor or open relay 
can form a logical zero. 

A common diode to ground can also form a logical one 
instruction and the absence of a diode forms logical zero. 
The 241 Programn~er works with 15 program circuit 
cards using diodes and controls the 568/230 basic mea- 
surement package in a simple system. In  addition, the 
241 can program a limited number of functions in the 
stin~ulus and/or fixturing areas, including sampling head 
multiplexers. 

Programming the 241 is a simple process. First, set up 
the system front panel controls for a measuren~ent, then 
insert diodes on the program card as needed to dupli- 
cate that control set up. A test with the card installed 
in the 241 will quickly prove if the program is correct or 
if it needs debugging. Any person familiar with the basic 
instruments can program without special instruction. 

When more devices are to be tested, or more than 15 
measurements per device are required, a larger number 
of test programs will be needed. The 240 Program Con- 

The  240 Program Control Unit converts serial by bit or 
serial by character program instructions to the parallel 
form used by systems components. The  240 is used 
with the 250 Auxiliary Program Unit to control stimulus 
sources, fixturing, and other systems components in larger 
systems. A measurement rate of 100 per second is feasible 
in a system using a 240. The  actual measurement rate 
is dependent on many factors, and sometimes, in actual 
practice, it is less than 100 per second. 

HOW MANY MEASUREMENTS PER SECOND 

One factor controlling measuren~ent rate, in dynamic 
measurement systems using sampling oscilloscopes, is the 
repetition rate of the stimulus, but stimulus rate limita- 
tions usually are not the most limiting factors. Load 
switching and settling time are more significant. When 
two or three of the basic tests are to be made, the number 
of units completely tested per hour is a better indication 
of system speed than a fast measurement rate empha- 
sized over all the other time consuming operations in 
device testing. 

There are many ways to speed the measurement rate in 
a system based on a sampling oscilloscope. High speed 
programs are used to reduce dot density (number of 
samples), the number of memory chargins sweeps, and 
to end time bases just after a measurement. These tech- 
n i q ~ ~ e s  speed up the measurement rate by factors more 
than 10. Handling of devices and fixture reconfiguration 
usually slows measurement rate below that of the sam- 
pling rate. In a system performing all three basic tests, 
a measurement rate of 50 plus tests per second and a 
unit test rate of more than 250 per hour is common. 
Automatic handlers can increase the unit per hour rate 
(throughput) to 1000. 

Left - In the absence of high speed program instructions, two sweeps of 1000 samples each are needed 
per measurement. Center - A single measurement sweep ending after 0% and 100% memories (in- 
tensified) are charged requires only 92 samples. Sampling density is reduced except in memory zones. 
The memory charge sweep is made just once for a number of measurements. Right - A measure sweep 
ends just after the measurement zone (intensified) requiring only 300 samples. Total time required for 
this high speed, risetirne measurement is approximately 4 milliseconds. 



THE S-3150 SYSTEM TEST STATION 

T h e  effort required to test one integrated circuit by any 
of the three methods is not difficult or particularly 
costly. Problems multiply, however, when great num- 
bers of IC's and tests per I C  are added. 

There are a wide variety of integrated circuit types avail- 
able and fifty or more tests must often be made on each 
device. When the units to be tested reach quantities of 
hundreds and thousands, connections to the test socket 
must be automatically reconfigured for many of the 
tests. This reconfiguration is often by cross bar matrix- 
ing in a D C  tester, but where device switching speeds are 
faster than 50 nanoseconds, the cross bar matrix cannot 
be used because of its escessi\.e capacitance. High speed 
function and dynamic testing requires a more acceptable 
switching element. 

T h e  reed relay proves to be the best switching element. 
Its low off-capacitance and low on-resistance mahe the 
reed relay acceptable in 50 ohm as well as in much 
higher impedance systems. Operating speed5 in milli- 
seconds arc practical and life times in millions of oper- 
ating cycles are to be expected. 

The  reed has exceptional performance in the nanosecond 
region. Advantages in capacitance, conductance, isola- 
tion and break-clown voltages qualify it for the nano- 
second en~.ironment of S3150 System. I t  also provides a 
complete dc  matrix for dc and function testing. 

A full scale testing system must have facilities for switch- 
ing load networks. Testing many different integrated 
circuits requires different load networks and, during a 

One Probe Per IC Pin-The Probe Board of the S-3150 
Automated Measurement System is the heart of the IC Test 
Station. Each pin of the DUT has program controlled indi- 
vidual power and pulse sources with a variety of loads. 

The Test Station-Here both 10 nanoamp dc as well as 1 
nanosecond dynamic measurements are made with only 5 
milliseconds required to change test conditions between the 
two measurements. 

sequence of tests, loads must be reassigned to different 
device pins. I n  addition, the same pin of a device may 
be loaded with one network during a turn on propaga- 
tion delay test and another load for turn off delay. I n  a 
T T L  device, it may be necessary to switch two or three 
loads to any pin. I n  the S3150, each pin has its own set 
of load networks. Loads are duplicated for each pin to 
save space and cost while shunt capacitance is minimized. 

With three loads available to each of 16 pins, a total of 
48 loads are included in an  S3150's Test Station. The  
loads used are usually resistive. Values from 100 to 
4000 ohms are used in many cases with 10 to 200 pf 
shunt capacitances to simulate fan-out loads. Loads and 
driving sources consisting of semiconductor and inte- 
grated circuits are often supplied in addition to passive 
loads. Naturally, the complexity and lead length of such 
a system are potentially sources of aberrations. The  use 
of individual loads for each device pin, each with its 
own reed relay, insures against unacceptable responses. 

The S3150's Test Station has the unique feature of a 
separate sampling probe, dc sub-system, three switchable 
loads, three switchable power sources, and a pulse source 
for each IC pin. Very flexible reconfiguration for all 
testing is achieved in a system that can measure both 10 
nanoamps dc current and 1 nanosecond risetime. 



- - -- - -------- - - _- 
---- I COMPLETELY TESTING THE QUADRUPLE 2-INPUT POSITIVE NAND GATE 

60 TESTS IN LESS THAN 1 SECOND 

1 There is no consensus on how an integrated circuit should be 1 tested. The decision on how to test must be resolved by each 
j user, cons~dering the expected performance of the device he 
1 is manufacturing or buying, and the cost of testing or not 

I 
testing. There are three tests commonly made today: dc tests, 
functional tests, and dynamic tests. Each type of test has 
merits and each test has proponents favoring it to the point 

1 of excluding the other tests as "not needed". 
I 
1 D C  Testing applies steady state voltages and currents as 1 stimuli to the integrated circuit. After a brief settling interval, 

measurements are made of the response to the dc stimuli. 
Both input and output parameters are measured while the 
device is loaded with standard test loads. D C  testing, during 
the manufacturing process, often requires a high degree of 
measurement accuracy. DC testing by the user, performing 

1 acceptance tests on purchased integrated circuits, can be of 
I 1% to 3% accuracy. 

j Digital integrated circuits are often tested for conformity to 
their truth table. This is Functional Testing. Thom~lgh  exer- 
cising of a device's logic functions is of value, but often is not 
sufficient. Functional testing will not reveal excessive leakage 

I 

conditions or high saturation voltages. The loading effects of 
the integrated circuit on other devices are not detected by 
t h ~ s  test Symptoms of potential early failure can also be 
nlissed completely in the process of function testing only 

Dynamic Testing is testing in the time domain Another term 
u,sed for this process is si\itching time testing. Risetimes, fall- 
t~mes, and propagation delays of a device are measured in a 
system based on a digital readout oscilloscope Dyna~nic test- 
Ing was said to be more costly than just dc or functional test- 
ing, but dynamic testing combined with dc and functional 
testing in a single system is economical I t  is especially 
economical when related to the repair and troubleshooting 
costs that are incurred when defective integrated circuits are 
not caught before installation in a final product. 
- 
Full characterization of packaged, integrated circuits require 
all three basic tests. Integrated circuit performance is speci- 
fied in values that can only be measured by a complete system. 
Specifications are formed from the results of all tests. Users 
of integrated circuits, therefore, require elements of all tests 
to assure themselves that the purchased items tvill perform 
according to expectations. 



SOME EXPERIENCES 
IN IC TESTING 

By Oris Nussbaum 
Manager, Integrated Circuits Manufacturing Test 

\Ve are using integrated circuits in volume and the \.olurne 
is increasing significantly. All our  nelv instruments are 
heavily populated with both conirnercially available and 
Tektronix developed and n~anufactured integrated circuits. 
This coni~nitnient in integrated circuits has made it neces- 
sary for us to develop testing routines suitable for both 
integrated circuit manufacturing routines and acceptance 
inspection of purchased devices. 

Our  objectives in testing our olvn manufactured IC's are: 
1. Assurance of confornlity to design parameters. 2. Reduc- 
tion or elimination of troubleshooting and repair during 
product manufacture. 3. Elimination of those devices most 
likely to fail in service. 4. Reduction of integrated circuit 
testing costs in manufacturing to less than 10% of the I C  
production expense. 

Our  objectives in testing integrated circuits from outside 
sources are essentially the same as for internally produced 

units, except that testing costs are related to purchase price 
rather than production costs. I t  has been our esperience that 
extensive testing of purchased integrated circuits is a lvorth- 
while investment in total product quality. W e  have been 
performing dc, dynamic and functional tests for more than 
t\vo years n.ith a Tektronis S3130 Automatic Measurement 
System. Recently \ve 11ar.e added the new S3150 to our facil- 
ity and both systems are used heavily. At this time the S3130 
has accumulated 17,000+ hours of ON time. Although we 
have the unique advantage of "living" with the source of our 
systems, maintenance of these systems is the responsibility of 
technicians from our service group. T h e  reliability of both 
systems has been ercellent. 

Presently \ve are testing 200 to 250 integrated circuits per 
hour, per system. A typical test sequence consists of more 
measurements than 50 per device, averaging less than one 
second from test number one until completion. We  find the 
slolvest part of the process is hand insertion of devices in test 
sockets. T o  minimize this step, we are adding autonmtic 
handlers and expect to reach a throughput rate of 1000 
tested units per hour, per system. 

T h e  flexibility of the S3150 allorvs us to use it in wafer 
probing. At the present time, 1t.e are dc  testing in the wafer 
stage. We also ~ n a k e  automatic measurements with DUT's in 
environmental chambers. The  S3150's capacity for repro- 
gra~nniing, while regular tests are being simultaneously run, 
increases the numlxr  of units that can be completely tested 
per day. T h e  S3150 also allo\vs us to data log, analyze data, 
as well as w.rite programs \vithout disrupting regular testing 
runs. 

In conclusion, it is my opinion that our function of supplying 
high quality integrated circuits for use in Tektronix, Inc. 
p r o d ~ c t s  ~ . o u l d  be very difficult without our t\vo automatic 
measurement systems. 



SOME THOUGHTS FROM 
A SYSTEM BUILDER 

By Morgan Howells 
Manager Tektronix Automated Systems 

New activities are exciting and the activities related to auto- 
matic testing of integrated circuits are ne\\-. T h e  competition 
in all aspects of automatic nieasurement keeps things li\.ely. 
We  have received no easy orders in the automatic measure- 
ment field. T h e  customer contemplating an automated system 
presses hard for factual information on: What can \ve mea- 
sure? How many units per hour lvill our systems process? 
How mucli ~v i l l  it cost? I-Io\v does he keep the thing going? 
The customer kno\vs the strong points offered by competitive 
systems and  he asks excellent questions. I think I can give 
some pretty good ansrvers, but inorc important, I believe I 
can raise a few questions in return. 

The  rough and tuml~ le  is all to the good of the industry. 
The better approaches \\.ill survive. Some Ixtter approaches 
are already Tektronis catalog products, fully spec'd and 
supported. These systems, the S3 110, S3 1 11, S3 120, S3 130, 
and S3150, meet recognized, consistent requirements 11)' 
custoniers. Options to these systems adapt performance to 
the individual need. 

Even with a group of catalog systems, \\-e get requests for  
special sys te~n-system that don't exist complete in our 
catalog. IVe eagerly respond to these requests. O u r  auto- 
mated system department has the capacity to design and 
build systems to meet many needs in many areas of auto- 
matic measurement. Multi-pin IC's, a variety of semicon- 
ductors, logic boards, \re take a crack a t  them all. 

The  Automated Systems department is a part of Tektronis 
Marketing to keep in close contact ~ v i t h  customers needs for 
special requirements. This is unique in that \ve function 
I\-ithin the company as a purchaser of Tektronis products, n 
purchaser of other peoples' products and as a system engi- 
neering and assembly activity. We  provide support for Tek- 
tronis Field Engineers and Representatives in their con- 
tacts \\it11 customers. IVe can supply a variety of systems 
composed of catalog products and supported Ily all our 
field people. This makes our position a good one. 

I ~ r o u l d  sugxest that individuals and organizatio~ls neecl- 
ing systems' information talk to their local Tektronis Field 
Engineer or Representative. H e  is equipped to ans\\.er 
your questions, provide systelns proposals, and help you 
support any Tektronis System. The  support ser\,ices are 
of the same high quality of that support a\.ailal~le on all 
Tektronis products. The  services are tailored to meet the 
dcmand of cmtorners production effort. 

\\re \\-ill be at  IVESCOS and other trade sho\\.s. If yo11 arc 
unable to attend a system demonstration, contact your Field 
Engineer or  Representative. I-Ie can suggcst other \\.ays of 
getting the facts on systems. There is, for esample, a 1 7  
minute demonstration film available. 



HAZARDOUS 
MATERIAL 

IDENTIFICATION 
By Chet Schink, PhD 

Manager, Electrochemistry Engineering 

HAZARDOUS CHEMICAL OR MATERIAL 

IDENTIFICATION L A B E L  

BLUE INDICATES HEALTH 

RED - t I F IRE  - 
YELLOW 1 4  STABILITY 

THE NUMBERS INDICATE 

THE DEGREE OF 

EXX!?.'S~f "iXIIVABLI: undrrgo chemical change 
Finsh point at or to ordinary or elevated 
below 20°1'. peratures and pressures. 

iight or artifrclei 
bsorption or destruction .ht, or capable of deton- 
3f skin o r  mcousrembrsne ion under confinement. 

lease of al~niflcnnt 

contact msy produce ties of energy and/or 

1nflu.ma:ori. or aller- 
act with organic rat- 

gic reaction. 
s u c h  as ~nwdustcioth 
etc. to cause fires. 

!4o unusual :hazard. ?lash point - none. Normslly stable. 

Everyday exposure to material l~azards, 
partic~llarly chemical hazards, are in- 
creasingly a part of everyone's job. 
Many materials in common use offer 
little danger hut still are not to lx lightly 
treated. Several years ago, we a t  Tek- 
tronix set 1112 an  in-plant chemical 
safety program that has as an  objective 
positive identification and labeling of 
the specific degree and classification of 
chemical hazard. T o  this end, hazar- 
dous materials are lal~eled \ ~ i t h  a four 
color, diamond shaped tag. This tag 
includes the chemical or trade name in 
a x.hite area near the l~ottom. The  other 
three colors, l~ lue ,  red, and yello~v, each 
represent a specific area of safety con- 
cern. Blue, for example, represents 
toxicity-a health hazard. Red repre- 
sents flammability-the potential for 
fire. Yellow is assigned to reactivity or 
stal~ility \\hen exposed to common ma- 
terials such as \\.ater or common events 
such as jarring shocks. In each colored 
area a number from 0 through 4 has 
I m n  assigned, proportional to the d e ~ r e e  
of hazard. O represents a relatively 
harmless classification. Posters explain- 
ing the tag are displayed ~vherever 
people are likely to 11e working with 
chemicals. Today, that means almost 
every\vhere. 

I n  addition to the Hazardous Material 
Tag,  detailed infor~nation is made avail- 
able through a loose leaf, Chemical 
Safety Rook. One  edition contains data 
I~ased on reports from chemical manu- 
facturers, recognized reference texts, 

A conspicuous poster gives further in- 
formation to Tektronix employees about 
the Hazardous Material Label. 



This is a typical sheet from the Hazar- 
dous Material Safety Book. The brand 
name has been removed. 

and ~nedical advisors. (When \ve are 
uncertain as to the chemical contents of 
brand name items, \ve request details 
from our suppliers or make ortr olvn 
analysis.) This edition is used 11y those 
\vliose \\.ark exposes them to potential 
harm. An augmented edition of the 
Chemical Safety Book contains medi- 
cal treatment information l~eyond first 
aid. This edition is nvailal~le only to 
qualified medical personnel a t  our 
facilities. 
Thc  hazard lai~cl \x.e nse is an  adapra- 
tion of ;I lagging \ysteni origin:~ted 11y 
thc. Sational Fire P~.otc.c.tion ;\ssocia- 
lion. Thc  lalxl tle\.cloped by this g r o ~ ~ l ~  
is primarily I~asetl o n  liazards of materi- 
als in flanlc or cls~~oscd to hcal. 0 1 1 1 .  

adaptation attcnrpts to indicate hazards 
u n c h  "nor~nal" t1se conditions. 

\Ve are printing this information in 
TEKSCOI'E for its possible v a l ~ ~ e  to 
those i~nplementing safety practices in 
their organization. The  Chemical Safety 
Book nientioned is not urlailnble for dis- 
t r i h t i o n  since it represents some arbi- 
trary classifications of hazard levels 
I~ased on our judgments. 



T E C H N I Q U E: Time measurements to better than 7% 1 
Your Oscilloscope was adjusted to nearly perfect 
accuracy during its last calibration-but only on one 
postion on each tinie base and one range of the delay 
time multiplier. 

Time base accuracy is often specified as 3%, an  uncertainty 
statement that accounts for \<orst case system differences 
over all t ime base ranges. I t  is unusual in practice to ac- 
tually find an  error as great as 3%. Often overlooked is 
that other source of nieasurment uncertainty: Resolution. 
Some aspects of specified accuracy and resolution limits are 
illustrated o n  this page. 

When you must make better than 5% time measurements, 
resolution uncertainties can Ile minimized 11y minx proper 
delaying sweep techniques. T o  assure better than 1% ac- 

YT DISPLAY 
SPECIFIED ACCURACY-3% 

. . 
TIMING COMPONENTS 
SWITCHED FOR EACH 
TMIDIV POSITION 

I I 
I I 

-- INTEG HORlZ 
AMP 

SWEEP CALIBRATION ADJUSTED 
FOR 0% ON ONE TIMEIDIV 
POSITION (PART OF CAL. PRO- 
CEDURE) 

RESOLUTION LIMITS-2% 

A 
I 10 DIV 1 

5 0  INCREMENTS 1150-2% 

TOTAL-5% 

WORST CASE WITHOUT INTERPOLATION BETWEEN INCREMENTS 

curacies, on a selected delay time range, a standard period 
source must be used for verification". If you find that the 
specific delay accuracy is not as desired, that range can be 
adjusted by a kno\\.ledgeable calibration technician to be 
I~etter than 1 %.*+. 

Specified accuracies are statements of possible \?orst case 
conditions, but in most cases, a ~vel l  maintained instrument 
\\.ill do much I~etter than specifications indicate. 

"Tektronix 2901 T i m e  Mark Generator 

""A cautionary note: T h i s  technique does not conform to stan- 
dard calibration procedures and if used, the instrument should 
be tagged with appropriate information. Conformance with 
the standard manual procedures will assure that accuracy 
specifications will be met  on all ranges. Deviation may re- 
sult in out of specification iesults on some ranges. 

DELAYED SWEEP 

SPECIFIED ACCURACY-1.2% 
1% 0.2% NEGLIGIBLE 

TIMING COMPONENTS 
SWITCHED FOR EACH 
TlME DELAY RANGE 

DELAY TIME MULTIPLIER 
ADJUSTED FOR 0% ON O N E  
RANGE (PART OF CAL. 
PROCEDURE) 

RESOLUTION LIMITS-0.2% 

5 0 0  INCREMENTS 
1/500-0.2% 

TOTAL-1.4% 

WORST CASE WITHOUT INTERPOLATION BETWEEN INCREMENTS 



SERVICE SCOPE 

TROUBLESHOOTING THE 453 

By Charles Phillips 
Product Service Technician, Factory Service Center 

The  453 Oscilloscope has I~ecome the most \\-idely used sion to gi\re you time to see a sweep more readily. If you 
instrument in field servicing. It's also a popular la11 item. have prol~lems getting a spot on screen, rotate focus to 
This popularity niakes it likely that you bvill ~vork  on one extreme CW position and m e  maximum intensity. De- 
some day soon. When that day comes and a 453 turns u p  focusing \<ill eliminate any possibility of phosphor h r n .  
on your bench needing service, normal scope troul~leshooting 
procedures and the manual are sufficient to locate the source 
of troul~le.  All of us develop extra prol~lem solving tech- 
niques when we work regularly on a particular series of 
instruments. We  come to recognize and look for troubles 
we have seen before. I would like to share a few experiences 
and ideas related to the 453, particularly those ~v i th  serial 
numbers above 20,000. 

TIME BASE 

When time base troubles are suspected, the first thing to 
do is eliminate possible front panel problems. Remember, 
all four levers up in the A SF\-eep control area will produce 
a time base functioning scope. Then push the TRACE 
FINDER button to reveal a trace. If no trace appears, we 
must then positively eliminate the horizontal amplifier as 
the trouble area. T o  do this, set the Horizontal Display to 
EXT.  I-IORIZ. Use the Trace Finder and Horizontal Posi- 
tion controls; you should have a spot that can be moved 
freely across the CRT.  

O.K., we have established the trouble is in Time Base A 
( A  Sweep). 

T ime  base generators consist of a gate generator and an 
integrating circuit. There are a nuniber of auxiliary circuits 
tied into the complete titne base package. Since everything 
in this package is dc  coupled, chasing voltages around a 
defective sweep circuit can be confusing. Something more 
is needed to reveal the component at  fault and simplify 
your task. Here  are a fe\v techniques that I have found. 
They get answers quickly. 

When a time base generator malfunctions, almost a h a y s  
we have four conditions. Tha t  is, the beam is a t  the left side 
of the C R T ,  on or  off; or it is on the right side, on or off. 
If the beam or  spot is hung up a t  the left side, try grounding 
Test Point 504 (collector of Q504). This should force the 
integration circuits into running once. You may find it 
helpful to use a s ~ . e e p  time slo\\.er than 0.1 second per divi- 

If grounding Test Point 50-1- starts the time base, the spot 
Ivill hang up on the right after one stveep until the ground 
is removed. This is a positive indication that D533, Q533 
and Q531 are O.K.  If the trace brightened when T P  504 
\<as grounded, Q52.1. and Q5ll are also functioning properly. 

The  most suspect components are D505, Q585 or (2504. 
With the sweep forced over to the right, a full rundown 
condition exists a t  collector of Q531. T h e  voltage a t  the 
collector (Pin A i l  is a convenient test point) should be 
about 0. This will be coupled through Q543 and D555 the 
I~ase of Q575 (use Pin N as a handy test point) .  

The  voltage at  the base of (2575 should be about 0, and 
no\\- you should test or sulxtitute D505, 9585 and Q50-1.. 
Preferably a curve tracer should be used for tests. 

When the spot is hung I I ~  at  the right side of the screen, 
the integrator circuit has run doivn, but has not been reset, 
Q514, Q543 and (2575 are suspect. 

There are occasions \\,hen you \\-ill find a bright spot at  the 
start of an  other\\-ise normal s\veep. There  is no unl~lanking 
and Q544 should be checked. This is not an  obvious effect 
from the schematic. 

All levers up-A quick way to get a sweep on the 453. 



If after the above checks, no active devices are found faulty, 
I have found that it is usually best to verify the values of 
precision resistors used in transistor base circuits. 

B Time Base (sweep) is very silnilar to A Time Base. 
Trou1)lesliooting procecl~rres based on forcing the integrator 
into action can also Ix used. Just ground Test Point 70-1. 
and proceed ;is in Sweep A. 

POWER SUPPLY 

Polver supply failr~res in the 453 can he easy to find. Here 
are some problenis and cures. 

Problem: Fuse blo\ving. 

Check: Bridge rectifier diodes xvith ohnieter. Typically, 
fortvard readings \vill Ix aljout 2 kiloh~ns, re\wse 
readings should be high. 

Problem: \Vronx voltages. 

Check: If the hridges are O.K.,  perhaps an  overload con- 
dition exists somewhere and the protection an~pl i -  
fiel-s, h11i1t in ear11 supply, are saz;ing the supply 
components from destruction. If the I~ase-emitter 
voltages on a protection amplifier transistor is 
high, you have a positive indication that an  excess 
load esists. See the tables for typical voltages and 
resistance under normal conditions. 

Problem: High ripple voltages on regdated supplies. 

Check: Bridge output filter capacitor may be open. 

Problem: Ripple voltages in excess of specifications, but 
still relatively lo\\-. 

Check: Filter capacitor at  output of each regulated sup- 
ply. I t  may he open. 

Prol~lem: Wrong output voltage, (voltage emitter/l)ase of 
protection amplifier \vithin limits). 

C31ec.k: Protection amplifier transistor for defect. If sup- 
ply ~vorks properly \vithout this transistor, the 
transistor is had, replace it. 

Problem Voltages are ~egula ted but somewhat out of tol- 
erance. 

Check  PI ecirion 1 esistance \dues .  

Problem: +12 volt supply output lo\\-. 

Check: Remove Q970 from C R T  high voltage supply. 
'The bridge in the +12 volt supply is the source 
of unregulated dc for the C R T  high voltage 
s l l p ~ l y .  

CRT HV SUPPLY 

Most scopes use a dc to dc converter to produce C R T  
voltages. An oscillator is used to convert a lo\v dc level 
to IIF. T h e  R E  is stepped up through a transformer, recti- 
fied and filtered. A sample of the resulting high dc voltage 
is fed Imck to control the oscillator voltage. This feedhack 
is necessary to regulate the whole system. 

Problem: No significant voltage a t  T P  -1950 V. 

Check: Oscillator may I)(: overloaded, pull lead of Pin L 
on Z Asis Board. This kills the feedback and 
the oscillator may ~vork,  producing higher than 
normal C R T  voltages. 

Problem: Oscillator not \\.orking after lead to Pin L is 
removed. 

Check: Remove C R T  socket. If oscillator functions, the 
C R T  has a problem. 

Problem: Oscillator still does not ~vork  \vith Pin L discon- 
nected. 

Check: Lift one end of each high voltage rectifier D952, 
D910, V952, and V962. This "unloads" the sec- 
ondary and the oscillator will probably start 
operating. Test semiconductor high voltage diodes 
D940, D952, and vacuum tube rectifiers (V952, 
V962) by replacing one a t  a time. If this does 
not xvork, the H.V. filter capacitors should be 
checked. 

The  innovative technician can often build upon the ~nanua l  
and other routine ~naintenance information. T h e  o~ i ly  
thing required is imagination and esperience. 

POWER SUPPLY 

TYPICAL PROTECTION 
AMPLIFIER BASE-EMITTER VOLTAGES TYPICAL NORMAL RESISTANCES 

SUPPLY 

-12 V 

-!-I 2 V 

-f 75 V 

+I50 v 
-- 

'Negative lead of meter to ground 

ACROSS 

R1129 

R1159 

R1187 & R1188 

- - 
-- 

SUPPLY 

-12 V 

+12 V 

+75 V 

+I50 V Unreg. 

NORMAL VOLTAGE 

0.175 V 

0.125 V 

0.375 V 

- - 

TEST POINT 

H 

D 

B 

F1204 

RESISTANCE* 

80 Q 

70 Q 

1 k0 

2.6 kQ 



TEST POINTS 

Where can you hang that scope probe or touch that meter 
lead? This  question is a regular part  of servicing. You will 
find very useful test points built into many recent Tektronix 
instruments. There are even more "test points" \$here you 
find metal case transistors. 

Did you know that most metal case transistors have their 
case tied to collector? I t  makes for better thermal charac- 
teristics and it also allorvs secure mounting of the chip inside 
the can. You can use the case as a test point, you can touch 
a prohe, hut you probably Ivon't be able to clip on to most 
cases. T h e  "test point" is also labeled by Q number, making 
it easy to locate. 

Square pin connectors on our printed circuit boards are  
clearly identified by letters and numbers. These connectors 
and attached leads make excellent test points. Individual 
instrument manuals contain schematics and detailed board 
photographs. These aid in pinpointing the connector loca- 
tion, electrically and physically. 

Resistors and other components are  purposely mounted with 
sufficient lead-to-board clearance to attach most probe tips. 

Some ca~ltion is advised when clipping on to some of the 
sub-miniature resistors used today; they can break with 
rough handling. 

Metal case transistors have easy to reach collector test 
points-the case itself. 

INSTRUMENTS FOR SALE 

LC130, 317, 503, 515, 516, several 5301 
540 Scopes with Plug-ins. Henry Posner, 
Pacific Combustion Engineering Co., 
5272 E. Valley Blvd., Los Angeles, Cali- 
fornia 90032. (213) 255-6191. 

524AD, $450. Larry Lawrence, Lawrence 
Engineering, Inc., 11965 Beach Blvd., 
Jacksonville, Florida 322 16. 

3A72, $200. Mr. Myhre, Mission Engi- 
neering, Inc., Hiawatha, Iowa 52233. 
(319) 393-2253. 

565, 3A3, 3C66. Mr. H.  Everett, c/o 
Dr.  C .  P. Bailey, St. Barnahas Hospital, 
183rd Street & 3rd Avenue, Bronx, New 
York 10457. 

127. Pat McCusker, Comsat Labs, P.O. 
Box 115, Clarksburg, Maryland 20734. 
(301) 428-4401. 

531/53B, 310, 512. Fred Muessigmann, 
Watson Instruments, Inc., 446 Lancaster 
Pike, Malvern, Pa. 19335. (215) 647- 
3777. 

547, 1Al .  George Schneider, Space Elec- 
tronics, Inc., 40 Cottontail Lane, Irving- 
ton, New York 10533. (914) 519-8681. 

535/B, $600. Dr.  J. Toole, 27 Sheldon 
Street, Wilkes Barre, Pennsylvania 18703. 

551 with PIS. Plug-ins, D, G, Q. Scope- 
Mobile@ Cart, 500/53A. $1800 or offer. 
Joe Laub, Unitek Corp., Monrovia, Cali- 
fornia. (213) 358-0123. 

3T77. Les Jacobson, Allen Avionics, 255 
E. 2nd Street, Mineola, New York 11501. 
(516) P I  7-5450. 

556, 1A4, 1A5, all $4178. Howard 
Davis, Silton, 16222 S. Maple Avenue, 
Gardena, California 90247. (213) 770- 
0985. 

514D. Robert Powers, Stellar Industries, 
Inc., 10 Graham Rd., W., Ithaca, New 
York 14850. (607) 273-9333. 

181, $100. Dan Wirtz, McGra\r-Edison 
Co., Franksville, Wisconsin. (414) 835- 
2921. 

3-2.463. Make offer. Jack von der 
Heide, Optron, 50 Fitch Street, New 
Haven, Conn. (203) 389-5384. 

530 Series Scope/ lA7A/160 Series/360/ 
1 12 1. Sigmund Hoverson, Physics De- 
partment, Texas A & M University, Col- 
lege Station, Texas 77843. (713) 845- 
5455. 

567 Readout Scope, $405/6RlA, $18001 
3S1, $90013T77A, $495/ l l4  Pulse Gen- 
erators, $288/P6032 Prol-res, $67.50. John 
Mattson, Laminar Corp., 222 Plato Blvd., 
St. Paul, Minnesota 55107. (612) 222- 
8411. 

310A, $600. Mr. Yeomans, Mergenthal- 
ler Linotype, 300 Luckie Street, Atlanta, 
Georgia 30313. (404) 525-7448. 

502, $300. John Breickner, Fifth Dimen- 
sion, Inc., Route 206 Center, Princeton, 
N. J. (609) 924-5990. 

517. Will swap for 15 MHz Scope. Bob 
Schafer, Midwest Research Institute, 425 
Volker Blvd., Kansas City, Mo. 64110. 
(816) 561-0202, Ext. 374. 

63 Plug-in Differential Amplifier, $100. 
2B67 Time Base, $200. Roger Kloepfer, 
(517) 487-6111, Ext. 392. 

410 Physiological Monitor. Rudy Kranys, 
Medrad, Inc., 4084 Mt. Royal Blvd., 
Allison Park, Pa. 15101. (412) 961- 
0393. 

5 3 5 4  $700. D Plug-in, $1 10, A Plug-in, 
$60. Summers, Simplec Mfg. Company, 
Inc., 8710 Empress Row, Dallas, Texas 
75247. (214) 637-5470. 

454, $2500. C-31 w/Pack & Roll Back 
and 560 Series Adapter, $400. Virgil A. 
Wiest or Marty Bos, Automix Keyboards, 
Inc., 13256 Northrup Way, Bellevue, 
Wash. 98004. (206) 747-6960, Ext. 21. 

310A, 321.4 with probes. Mr. C. H .  
Wexler, Engineering Department, Phoe- 
nix Steel Corporation, Claymont, Dela- 
ware 19703 (302) 798-1411. 

531 with M Plug-in. Stanley Kneppar, 
Technical Concepts, Inc., 580 Jefferson 
Rd., Rochester, N.Y. 14623 (716) 271- 
7953. 

3.46. Jack von der Heide, Optron, 50 
Fitch Street, New Haven, Conn. (203) 
389-5384. 

515, 516, or 524. Phil Hester, 546 Ever- 
green Dr., Corpus Christi, Texas 78412. 

3R3 Time Base. Roger Kloepfer, (517) 
487-61 11, Ext. 392. 

Printed in U.S.A. A-2432 
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without prefogging 
Photographic writing speed is a figure of merit that 
describes the ability of a particular camera, film, 
oscilloscope, and phosphor to record a fast moving 
trace. This figure expresses the maximum single-event 
spot velocity which may be recorded on film as a 
trace discernible to the eye. 

The  results achieved are a function of the combined 
system performance of the oscilloscope, camera, film, 
recording technique, and the ability of the film 
reader to make a consistent interpretation of the 
results. Prefogging and postfogging of the record- 
ing film improve the apparent photographic writing 
speed of a particular system but the results are unpre- 
dictable and difficult to repeat. Because of this fact, 
Tektronix specifications are determined without using 
fogging techniques. Should the user employ fogging, 
then the writing speed will be increased according to 
his skill. Writing speed figures 50-100~0 higher are 
possible with controlled techniques on "Polaroid Type 
107 and Type 410 film. 

7cm/ns is the minimum photographic ~vriting speed of the Tek- 
tronis 7704 Oscilloscope with PI1  phosphor. Writing speed was 
measured using a new P11 phosphor, a C-51 Camera and Pola- 
roid Type 410 10,000 ASA film. The sig~iificance of the fast 
ivriting speed specification of the 7704 extends beyond an un- 
paralleled ability to record transient events without fogging 
techniques-It is nolv possible to use the readily available, but 
slower 3,000 ASA film to capture extremely fast transients. 

"Registered Trade Mark Polaroid Corporation 
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have three major applications . . . 
. . . just one is the oscilloscope 

The develoDment of the Tektronix bistable- Today, eleven Tektronix products use this remarkable 

storage tube lvas a significant breakthrough device. Seven are non-oscilloscope products. The ca- 

in Cathode-Ray Tube design. This reliable pacity to both store and display makes this CRT use- 
ful for information display in computer terminals, 

and CRT functioned lvith ease machine control units. and automatic-measurement 
as a conventional tube and as a tube with long systems. In addition, bistable-storage tubes make ex- 
term recording capacity. I t  was immediately cellent scan conversion devices and there are two 

apparent that this storage tube mias of value distinctly different Tektronix scan-conversion products 

in oscilloscopes, but the tube turned out to be based On this 

the basis for other products. 
THE PRINCIPLES OF BISTABLE STORAGE 

The Tektronix direct-view bistable storage tube (DV- 
BST) functions by secondary emission. When the nor- 
mal writing gun bombards the CRT phosphor screen 
with a beam of high-speed, focused electrons, the beam 

COVER-Did you ever run your finger through a raindrop on dislodges great numbers of secondary electrons. The 
a window screen? The resemblance of the squares pattern 
of the target and stored trace on a 7514 Storage Oscillo- phosphor wrface where the beam has written loses 
scope to lines of filled in squares on an old fashioned screen electrons and charges positive. A conductive, trans- 
is striking. But, no window screen was ever put together 
with the precise care used in aligning the 5 mil target squares parent under the phosphor the 
to an exact right angle relationship with each other. The circuit and allows storage of charge to take place. 
result: A precision tube, yet rugged and able to function 
without special care. (The smaller, inner waveform is a 1, addition to the normal CRT writing gun, flood 
write-thru plot simultaneously displayed with the stored 
information.) guns are used to cover the complete phosphor screen 

2 @ 1970, Tektronix, Inc. A l l  Rights Reserved. Printed in U.S.A. 
U.S.A. and Foreign Tektronix products covered by U.S. and Foreign Patents and/or  Patents Pending. 



At left are seven Tektronix Bistable Storage Tubes, the basis 
for a variety of Scan Conversion, Information Display, and 
Oscilloscope Products. 

uniformly with low-velocity electrons. The  electrons 
strike the unwritten area with too little energy to jar 
loose many secondaries. As a result, the unwritten 
areas merely collect electrons until they are driven 
negative and can attract no more current. 

The positive target areas, where the beam has written, 
attract flood electrons a t  such a velocity that each 
entering electron dislodges sufficient secondaries to 
hold the phosphor target positive. Thus, the written 
area neither gains nor loses electrons but remains posi- 
tively charged and continues to attract flood gun cur- 
rent. As a result of this equilibrium, the written trace 
remains stored for long periods. The  same flood gun 
current that holds the stored trace also holds that stored 
trace bright, since energy of the flood gun electrons 
striking the stored target is sufficient to cause signifi- 
cant fluorescence. The  unstored area in contrast re- 
mains relatively dark. 

BISTABLE STORAGE TUBES 
IN INFORMATION DISPLAY 

Cathode-ray oscilloscope waveform recording was the 
first application for the Tektronix direct-view bistable- 
storage tube. Very early it was recognized that the 
tube was, in effect, a high-capacity memory, capable 
of recording many equivalent bits of data. With dis- 
play and memory both in the same device, informa- 
tion retention and display is greatly simplified. For 
display of computer-generated graphics and alpha- 

numerics, the bistable-storage tube eliminates or mini- 
mizes the need for refreshed memory systems. A com- 
puter, for example, can write once and then go on to 
other work and the C R T  display will remain, flicker- 
free, for continued use. The  Tektronix T4005 Graphic 
Computer Terminal is a low-cost, but sophisticated 
terminal that exploits this storage tube ability. The 
T4005, through interface and accessory systems, not 
only stores and displays, but allows interactive com- 
munication at  baud rates limited only, in most cases, 
by external data lines. 

Tektronix bistable-storage tube products are used in 
numerous systems produced by other manufacturers. 
T h e  601 and 611 storage display monitors are avail- 
able for use in various computer peripheral devices 
and other systems requiring the advantages of both 
storage and display. The 5-inch 601 and 11-inch 611 
are complete storage monitors easily installed and 
ready to store and display X, Y, and Z information. 

This is a display plotted on the T4005 Graphic Display Unit 
after repositioning and expansion by the 4201 Graphic Dis- 
play Controller. When working with the IBM 1130, the 
Graphic Display Unit and Controller eliminates the delays 
caused by slow plotters. 

lnformation Display Products 
Made Possible by the Tektronix Storage CRT 

601 -STORAGE T4005/4201 - GRAPHIC DISPLAY 
DISPLAY UNIT 611 - 11-INCH DISPLAY UNIT T4002 - GRAPHIC COMPUTER TERMINAL AND GRAPHIC DISPLAY CONTROLLER 



SCAN CONVERSION 
WITH THE BISTABLE STORAGE TUBE 

Scan conversion is a process of scan reading CIiT in- 
formation at  a different rate or in a different sequence 
than that in which the information was originally 
written. Scan converters using the bistable-storage tube 
write and store in an identical manner to the other 
storage tubes. T o  retrieve the information both the 
stored and non-stored areas of the tube are raster 
scanned by the beam, operating in a reading mode. 
The reading beam current divides into two paths after 
reaching the target. The ratio of the beam current in 
each path a t  any instant is determined by the charge of 
the target area being scanned. The difference in charge 
between stored and non-stored areas is reflected by a 
difference in current. This current develops a voltage 
across a sampling resistor. 

At this time, scan conversion of stored displays is used 
in two distinctly different Tektronix products: the 4501 
Scan Converter and the 4601 Hard Copy Unit. The 
4501 Scan Converter uses a Tektronix storage tube 
which serves as a graphic memory of single events 
stored on the CIiT or of dynamic displays of changing 
information. Stored information is scan converted into 
a format used by standard T V  systems. 

The composite T V  signal is developed by processing 
the voltage developed by the read beam in a video am- 
plifier, and adding sync and blanking pulses. The re- 
sulting T V  signal can be to EIA or CCIR standards 
and may be used directly or to modulate an internally 
generated RF carrier. The composite T V  signal can 
be used directly with conventional T V  monitors. The 
modulated RE, usually Channel 3, works well with low- 
cost, commercial quality television sets. 

The basis of scan conversion using Tektronix Storage Tubes 
is the ease of changing the writing beam to a reading beam. 
The sensing resistor detects read current differences as a 
scan is made of stored and unstored target areas. 

The 4501 Scan Converter exists to process cathode-ray 
tube displays to a form that can be viewed remote from 
the original source or in multiple monitor displays. 
Generally, any information that can be displayed on 
a CRT can be scan converted. In most cases, it is sim- 
ply a matter of providing a sample of the information 
that would nornlally drive the X, Y, and Z axes of a 
CIIT. 

l h e  4601 Hard Copy Unit produces permanent copies 
of C R l  displays by scan conversion. The copy format 
is of standard 8% x 11 inch size. This copy in turn 
can be reproduced in standard office copying machines. 
The 4601 can work with any direct-view bistable stor- 
age tube". The necessary scanning voltages and con- 
trol logic are generated by the 4601. 

This fiber optic cathode-ray tube is the writing implement 
that translates scanned storage tube displays to full-sized 
hard copy in the 4601 Hard Copy Unit. 

Scanning signals generated in the 4601 are used to read 
out stored information. The scanning signals and the 
voltage derived from the storage tube reading beam 
drive a fiber optic C R T  in the 4601. Photo-sensitive 
paper is drawn across the faceplate of this fiber-optic 
tube and then is processed. A finished, permanent 
copy of the storage-tube display is produced. The com- 
plete sequence requires 18 seconds for the first copy, 
11 seconds for each additional copy. 

STORAGE OSCILLOSCOPES 

The most obvious storage-tube application is to record 
non-repetitive events. Users soon found that the stor- 
age tube also eliminated flicker from low repetition- 
rate displays and in slowly plotted traces. In  addition, 
waveforms could be stored for reference and compari- 
son. Photography was simplified; once information was 
stored, the same exposure could be repeated for re- 
cording any stored plot. No matter what is recorded, 
the light output of the bistable tube is constant from 
each point of stored information, simplifying exposure. 
The tube could also be used for a split-screen display 
of both stored and non-stored traces. Four Tektronix 
oscilloscopes use storage tubes including the new 7514. 

'>Some earlier storage tube  products require minor modification. 
4 



The 7514 Storage Oscilloscope is the latest addition 
to the versatile 7000 Series. This instrument includes 
all the significant feattires of 7000 Series: CIiT read- 
out of scale factor and other inputs, multiple plug-in 
capacity, high writing-rpeed CRT, and 17 available 
plug-ins. 

450 centimeters per microsecond is the non-stored writ- 
ing speed of the 7514. The stored writing speed is 1 
centimeter per microsecond. In  addition to the features 
of split screen, auto erasure, fast display integration, 
and long storage time, this oscilloscope introduces write 
t h ~ u  and auto focus. In  the write-thru mode a con- 
ventional, non-stored trace can be displayed simul- 
taneously, and on the same screen area with stored 
displays. Bright write thru traces are displayed with no 
effects on previously stored information through the 
use of special Z-axis control circuitry. Auto focus main- 
tains a well-defined trace or spot through a wide range 
of intensity settings. All that is necessary for a crisp 
trace is initial adjustment. 

The 7514's non-stored performance is quite similar to 
that of the 7504. Both instruments feature four plug-in 
compartments. Time-shared displays in each channel 
adapt two vertical and two horizontal systems to a wide 
irariety of amplifier and sweep and/or amplifier and 
amplifier applications. The bandpass with amplifier 

The latest addition to the growing 7000 Series, the 7514 plug-ins is 90 MHz. In  addition thk 7514, like ali 7000 
shown above, introduces Write-Thru. The Write-Thru feature series instruments, provides 25-picosecond risetime and displays real time, dynamic and stored information simul- 
taneously-without inieraction. real-time sampling. 

RECORDING FAST DISPLAYS 
ON X-Y RECORDERS 

Recorders make permanent oscillograms but are 
much too slow for many applications. Response- 
limited recorders can be adapted to record repetitive 
fast events with the aid of a sampling oscilloscope. 
I t  is a simple matter to use your sampling oscillo- 
scope with your X-Y plotter since sampling instru- 
ments have outputs specifically designed for that task. 

The purpose of sampling is the conversion of very 
fast analog information for processing and display 
in relatively slow systems. The same technique that 
matches a 25-picosecond risetime to a one-megahertz 
scope amplifier easily matches a 25-picosecond, or a 
25-microsecond risetime, to a one-kilohertz or slower 
recorder. 

The sampling oscilloscope normally works in equiva- 
lent time. The  timing of each sample in sequential 
systems is determined by three factors. 

ONE,  a ramp representing equivalent time. 

T W O ,  a DC voltage representing To in equiva- 
lent time. 

THREE,  a voltage, either internally or- externally 
generated, which plots the display in the X axis. 

When using an X-Y plotter, the plotting voltage must 
be a slowly changing voltage. This contrasts with a 
CIiT plot where the rate of sweep is usually fast to 
eliminate flicker. Substituting a slow, external X-axis 
signal or using the convenient manual plot control 
built into the sampling time base in place of the usual 
C l iT  X-axis deflection signal allows the output(s) 
of the sampling scope to be accurately plotted on 
paper. I t  is really quite easy. 

SAMPLING 
OSCILLOSCOPE 

SWP VER1 
OUT OUT 

X-Y 
RECORDER 

L 

The setup above uses the manual scan function built into 
samplers. If your recorder features a time base output, 
it can be used in place of manual scan. 



Oscilloscope photography is an  art involving many vari- 
ables. I t  has probably been your experience that the 
first try often produces less than acceptable results. 
I t  is possible to get acceptable results on the first try 
if you are armed with a little extra ltnowledge of wa\.e- 
form photography. This article \zill cliscuss oscilloscope 
photography with the objective of clearing some of the 
mysteries and providing simple, workable techniques for 
better waveform pictures. 

T o  take good waveform pictures, it is necessary to con- 
sider the difference between eye and camera. The 
camera ob\~iously does not sense light as the eye does. 
I t  is also important to know the differences between 
ordinary scene photography and scope trace recording. 
You should also know that the oscilloscope is built to 
be used visually and therefore is usually optimized for 
that purpose. Now, let us look a t  the process of taking 
a wa\,eform picture. 

EXPOSURE SETTING 

Exposure setting is the attempt to get just the right 
amount of light on the film to record the image within 
the photographic limits of the film. Usually exposure is 
determined by visual techniques although there are 
vast differences between the eye and the camera. The 
eye, for example, can sense light over a range of in- 

tensity of greater than one million to one. Film can only 
handle ranges of about one hundred to one. T h e  eye's 
extensi\;e range is partly because it responds to light 
logarithmically; film responds linearly. With the limited 
dynamic range of film, overexposure or underexposure 
is very easy. How then can acceptable trace recordings 
be made? 

I t  is fortunate that the information displayed on the 
oscilloscope is usually graphic. I t  consists of lines, there- 
fore, it does not matter if portions are overexposed. 
Within limits, overexposure can create a solid trace; 
crisp, clear, and pleasing to look at. I t  is the dim or 
indistinct portions of a waveform photograph that 
could be considered to be within the "normal" expo- 
sure range of the film used. I t  is apparent then that 
exposure and overexposure are terms which are more 
relevant to ordinary photography than to scope pho- 
tography. Trace recording is ideally line photography, 
that is, complete exposure for the trace and graticule, 
no exposure for the rest. I t  seems that all we have to 
do is "overexpose" and be done with it. Unfortunately, 
it is not quite that simple. 

Overexposure would be fine if the only source of light 
was from the trace and graticule. This is not the case 
since the fluorescence caused by the beam illuminates 
the area surrounding the spot. Overexposure settings, 



Film cannot respond to large variations of light level. Each 
of the four traces shown is a single sweep, photographed 
with all camera and scope settings the same except vertical 
position and sweep time per centimeter. The lower trace 
sweep rate is 1 ps/div. Since each trace upward is pro- 
gressively 10X slower than the preceding trace, therefore, 
the light available to the camera is lOOOX greater for the 
top trace than the lowest trace. The top trace is grossly 
overexposed, clearly showing that film cannot handle light 
variations greater than 100:l without exposure change. 

if carelessly used, can result in an  unattracti\-e picture 
of the trace plus the reflected light of the spot. Even 
t!lough this reflected light l e t d  is low and not objec- 
tionable visually, it can appear very messy on film. 
Another undesirable effect, as esposure is increased, 
is a broadening of the recorded trace. This occurs as 
more and more of the spot's width is recorded. The 
C R T  beam has a Gaussian distribution of electrons 
t!lrough its cross section. The  resulting spot has the 
same light distribution in cross section. As the esposure 
is increased, more of the sliirts of the spot, plus the near- 
by reflected light, exposes the fihn ancl the recorded 
trace becomes broader. These side effects of overespo- 
sure create a practical d) namic range of beam movement 
that can be recorded for any one esposure setting. T h e  
best exposure setting chosen, therefore, involves an  at- 
tempt to bracket the brightest and dimmest portions 
of the display without unattractive side effects. 

I t  is practical to use the eye to judge exposure, e \ m  
though the eye and the camera are different. Whenever 
the eye sees the trace as a continuous line, (no flicker 

or distinct spot movement), the scope user can make 
a good esposure estimate. If you have had problems 
in estimating esposure, you might try this: Adjust your 
scope display for "normal brightness". (That  is what 
appears proper to you for visual use.) Set your camera 
for f / l l  at  1/10 second and shoot. You should have 
an acceptable picture. At least you will be quite close. 
The  use of f / l l ,  a relatively small f stop, will give 
good depth of field. Everything will be in focus on 
any scope. The relatiidy long esposr~rc of 1/10 sec- 
ond minimizes the effects of recording a fractional 
s\vecp. Now, let's look at  a different photographic 
problem. 

Low duty cycle, fast-sweep displays require a higher 
intensity control setting to bring up the brightness. If 
the intensity appears "normal", esposure of the display 
can be judged as described in the last paragraph. At 
some point a low duty cycle will require a \.cry high 
intensity setting and a blurry, defocused trace may re- 
sult. The  scope's intensity control can change the light 
output o\.er a very wide range. But it is the practice 
to  ha\^ more beam current available than can be com- 
pletely controllecl by focus ancl astigmatism at  the high- 
est intensity settings. 

When clefocusing occurs because of high lxam current, 
back off a bit on intensity ancl use a longer exposure. 
Control of esposure by f stop change is limited in com- 
parison to the w+lc range of trace lisht available over 
the full possible ranges of sweep rate and duty-cycle 
combinations. Because of f stop range liinitations (typi- 
cally 2 ' ) ,  time esposures greater than 1/10 are more 
uxful  with dim, low duty cyclc displays. As an alter- 
nate to longer time esposures, you may want to try 
exposing to a controlled number of sweeps. Your 
scope's single sweep mode can be used. Press the RE- 
SET button for the number of sweeps clcsired for prop- 
er exposure. The  shutter, meanwhile, is kept open in 
the Time position. This technique requires a little 
trial and error effort, but it can procluce excellent 
results. 

'The non-rcpeti t i \~ e\.ent, particularly the fast transient, 
often strains the maximum performance of the scope/ 
camera system ant1 frustrates the user. E\.ents in the 
microwconcl or slower time donlain are within the per- 
formance limits of the typical scope and camera. The  
problems in recordins these e\.ents usually involve "pos- 
ing" the wa \dorm for trial and error runs to set correct 
esposure. Sometimes a lot of trial and error is involved 
to get just the right deflection factor and time base. 
Even more troublesome is the proper location of To by 
correct triggcriqg. What you are attempting to do by 
triggering is to nail down a specific, brief time interval 
O L I ~  of infinity. I t  can be difficult. 



TRAPPING THE ELUSIVE TRANSIENT 

When setting out to trap a single transient, rnost users 
find that it is better not to use internal triggering be- 
cause noise or other undesirable signals will often false- 
trigger. \Vhen possible, externally trigger your instru- 
ment from the same switch or circuit that initiated the 
transient. Another tcchniqw is to start a s\veep and 
then use a time-related output of the scope'+ to ini- 
tiate the transient event. Now, let us get to the prob- 
lem of recording the fast, single transient. 

I 

TEST SETUP 

COMMAND 

Single Shot photography can be more trouble free if the 
scope is externally triggered with the same predictable and 
noise free command that initiates the events necessary to 
produce the transient. Avoid internal triggering from the 
transient signal source as it is often noisy and the tran- 
sient itself may have a waveform unsuitable for triggering. 

The  typical scope camera has an  f/1.9 lens with a mag- 
nification of 0 85. TVith the readily available 3000 ASA 
speed lilm. many fast transients are well within this 
camela's ability to record. \\'hen operating on the 
flinqe of a camera's sinqle tlansient usability, whenc\el 
ina.rimr11n C R T  intensity does not produce a usable 
tlacc, thcic arc sc\ eial steps that can help. liecluce 
the display amplitude. This reduction will clccrcase 
the rate of beam lnoleincnt and often makes the nec- 
essal y difference between qood and unacceptable. De- 
\eloping the film for 2 seconds instead of ten can also 
increase writing speed at the espense of contrast. This 
geneially produces a poor looking picture. \\'hen both 
techniques do not work, it is time to consider a faster 
camera, CRT,  film, or all three. 

?See June 1970 Tekscope-Page 8 

STEPS TO MORE WRITING SPEED 
- I he oscilloscope that you are using, in all probability, 

has a C i i T  with P31 phosphor. This phosphor is a 
highly efficient source of light peaked at  about 530 
nanometers, an optimum wavelength for visual obser- 
\.ation. For this reason, phosphor comparison charts 
often use P31 as a 100% reference for relative lumi- 
nance. 

1,unlinance \ d u e s  are light \values measured through a 
C.I.E. Standard Eye Filter and are appropriate for 
\.ism1 work. Luminance charts, however, do not acle- 
quately represent the response of film. Although Plll 
is good for most waveform photograph applications, it 
is not optimum for speed. I n  addition, P31's persistence, 
or after-glow after escitation is reinovcd, will often re- 
quire a short wait to a\:oid recording previous traces or 
even the results of ambient light escitation. Colored 
light filters can reduce the persistence effects but filters 
also attenuate total light output. 

FAST LENS 
F1.21MAG 1 :0.5 

ax 
10,000 ASA 
FILM 

FOGGING 

PI1  PHOSPHOR 

2 SEC DEVELOPMENT 

REFERENCE WRITING 
SPEED: Fl.9lMAG 1 :0.85 
3000 ASAlP31 

How much can you improve writing speed with practical 
techniques? The range of improvement is approximated 
above. Approximated because the many variables in CRT, 
film, and camera performance make writing speed prediction 
difficult. 



WAVELENGTH-NANOMETERS 

The color (wavelength) of the peak light emitted is the key to phosphor selec- 
tion. Normally, P31 is selected for its excellent visibility to the eye. PI1 is 
best only when writing speed and persistence must be optimum for oscilloscope 

P11 can double writing speed over P31. PI1 phosphor 
light output peaks at  450 nanometers, very close to 
optimum for Cl iT photographic writing speed. PI1 
has a relative luminance of 25% compared to P31 and 
is far from optimum visually. In addition to its pho- 
tographic writing speed, PI1 has the photographic ad- 
vantages of very short persistence characteristics. Most 
Tektronix oscilloscopes offer PI1 phosphor as a no- 
charge option at  time of purchase. Careful considera- 
tion should be given to the less-than-optimum visual-use 
characteristics of this PI1 phosphor before making a 
decision to purchase. 

IVhere an extra 2 to 2.5 faster writing speed is desired, 
Polaroid++ Type 410 film can be used. This film is rated 
at 10,000 ASA. ASA ratings are not fully appropriate 
to scope use, but they do indicate roughly the speed 
in trace recording. This film is not stocked everywhere 
but is available through normal suppliers of Polaroid 
film. 410 is a roll film, not compatible with flat pack 
backs. 

General purpose cameras are not slow cameras in the 
sense that they cannot capture high speed, single traces. 
But, at  some rate of beam movement, a faster camera 

*Polaroid is a registered trademark of t h e  Polaroid Corp .  

may be required. Faster scope cameras have a larger 
lens of more than an f stop better and usually a smaller 
magnification. Light gathering capacity is increased 
by the lens, by greater than two, and then concentrated 
on a smaller film area by the smaller magnification. An 
overall gain of at least four in writing speed results. 

There is a less convenient step that can increase writ- 
ing speed. A slight overall exposure in addition to the 
regular exposure can increase writing speed by a factor 
of two. This sensitizing process is called fogging and 
can be clone prior to, coincidental with, or after trace 
exposure. Fogging techniclucs are not necessary when 
using optimum photogrraphic techniques with the 454 
and 7000 Series Oscilloscopes. 

\Ve havc not covered focusing, mounting, and other 
factors in camera usage since this information is avail- 
able in your camera manual. The subject of lens and 
Cl iT  distortions and their effects has been bypassed. 
There are other second order writing speed improve- 
ment techniques that are doubtful in value from the 
point of view of results or costs. The techniques de- 
scribed in this article havc been proven to be useful. 



THREE IMPROVED CAMERAS 

C50-General Purpose-Particularly Well Suited for 
the 7000 Series 

C51-Fast Scope Photography-Particularly Well Suit- 
ed for the 7000 Series 

C70-General Purpose-6%-Inch C R T  Applications 

Two important steps in waveform photography, setting 
focus and exposure, are greatly simplified in the newest 
Tektronix oscilloscope cameras. With simple adjust- 
ments, pictures will be right on the first try. Other new 
camera features enable the operator to control single 
sweep operations at the camera or at  remote locations. 
With one step, at  one location: the user can initiate the 
complete sequence necessary to record transient events. 

FOCUS AND EXPOSURE 

Setting focus on many scope cameras requires accessory 
focusin? plates and low ambient liqht le\.els. The  new 
cameras prolidc a built-in pair of focusing light bars 
to simplif) the process I t  is no long necessary to seek 
focusing accessories, which are often misplaced, or to 
tuln down the liqhts. The  bars are an aid to focusing, 
projected onto the C R T  screen. Aligning the bars, 
by a simple adjustment, completes the focusing process. 

Film speed, phosphor, exposure time, and lens opening are 
interrelated by the computation gears of the trace brightness 
photometer. This feature is standard in the C50, C51, and 
C70 Oscilloscope Cameras. 

Exposure setting is equally as easy with the aid of a 
new, built-in spot photometer. The  operator merely 
matches the photometer spot intensity to the trace in- 
tensity. All factors affecting exposure such as film 
speed, shutter time, and C R T  phosphor are related to 
lens aperture and trace brightness through a mechani- 
cal computer. I n  setting esposure the operator uses one 
knob to match photometer spot and trace intensity. The  
acljustn~ent is quick. After setting, variation of lens 
aperture or esposure time will not disturb correct expo- 
sure. The computer automatically maintains correct ex- 
p o s ~ ~ ~  relationship through all subsequent adjustments. 

SINGLE TRANSIENT PHOTOGRAPHY 

Single transient photography requires careful prepara- 
tion of the scope and camera to capture all informa- 
tion. After the initial set up, a check list is often neces- 
sary to insure that every vital step is made. In  some 
complex experiments and tests, dozens of scope/camera 
systems are required to completely record the vital pa- 
rameters of the transient event. This can make the 
process even more subject to error by multiplying the 
required steps. The  new cameras remove a t  least two 
steps from the task of recording the single transient. 

START 
COMMAND 

1. The start command triggers the oscillo- 
scope and initiates the transient event. 

2. The trace is photographed. 
3. Approximately 5 seconds after sweep, the 

shutter closes. 

One step, at the camera or remote location, initiates the 
complete sequence necessary to capture single events pho- 
tographically. 

The C50: C51, and C70 arc ideal for remote operation 
of single or multiple camera systems. They feature 
electrically operated shutters. The  operator, through 
a new single-sweep mode, can arm the scope's single 
sweep system at  the camera, or at  a remote control site. 
Then, after the transient event triggers the sweep, the 
electrically-operated shutters will be automatically 
closed. Just one step does it all. The  new oscilloscope 
cameras greatly simplify the art of waveform photog- 
raphy, sa\.ing time, film, and frustration. 



: Amplitude measurements to better than 1% 

T h e  first step towards making more accurate amplitude 
measurements is to increase resolving power. The  second 
step is to make the measurement by comparison to an ac- 
curate voltage reference. 

Certain plug-in amplifiers are built specifically to improve 
resolution and to provide a precision reference voltage. 
These units are called differential comparator amplifiers; 
occasionally they are described as slide-back amplifiers. 
These plug-ins rvork equally as well in either the vertical 
or the horizontal compartment of an oscilloscope. 

I n  the August issue, Teknique discussed resolution and com- 
parison as related to improved time base accuracy. Anal- 
ogous concepts are used in differential comparison. That  is 
magnification, employing considerable off-screen deflection, 
comparison to an accurate reference. T h e  technique nulls 

or balances a point on the magnified waveforn~ to the same 
position on the C R T  screen that was occupied before com- 
parison by the other extreme of the voltage being measured. 
The  "readout" task is transferred from the calibrated grati- 
cule, which has limitations in resolution, to a device which 
is, in effect, a calibrated position control. This position 
control provides hundreds (sometimes thousands) of re- 
solvable measurement increments. 

Accuracy is further improved by comparison since the ref- 
erence values used are more accurate than that necessary 
in attenuators. Attenuator tolerances are typically specified 
as 3% ( 2 %  in the 7000 Series). These attenuator specifica- 
tions, of course, are "worst case" statements. Comparison 
voltage specified accuracies are always significantly better. 
In  some units accuracies approach 0.1%. 

Figure 1 shows the bottom of a stairstep waveform of approximately 10-volts amplitude positioned to a Y- 
axis graticule line. The comparison voltage reads 000.0 volts. Figure 2 shows the top of the same wave- 
form positioned to the former location of the bottom. The comparison voltage reads 9.827 volts, a precise 
reading of the peak-to-peak amplitude. The difference between intermediate points on the waveform 
can be derived just as easily. 

The photographs were made displaying the equivalent time base deflection voltage of a IS1 Sampling 
System. The oscilloscope is a 7503 with 7A13 Differential Comparator Amplifier. The 7A13, 1A5, W ,  and 
3A7 are four plug-ins that feature the differential comparison measurement technique. 



SERVICE S 

SERVICING THE C12, C13, C19 and C27 CAMERAS 
-- .- -- 

By Charles Phillips 
Product Service Technician, Factory Service Center 

Until recently oscilloscope cameras have Ixen asscml~lics of 
commercially availal~le lenses, shutters, and film backs. T h e  
rest; franies, mounting harcl\\.are, and so forth; Ila\.e Ixen 
I~nilt by scope camera manufacturers to suit the special 
photographic and mounting needs of scope trace recording. 
Failures and malflmctions in cameras of tliis type are usu- 
ally confined to sticking slir~tters and light leaks. There is 
somc rarc breakage due to accidents. IvIechanical parts 
broken 11y such acciclrnts are ~ ~ a d i l y  replacecl. Each cani- 
era nianual sho\\-s ;I clcrailccl exploded \.ie\v of the neces- 
sary ~.cplacemcnt parts. 'I'hcsc parts, except for components 
of the Icns/slil~ttcr asscml)ly arc readily olminecl through 
the same channels yo11 usc to get otlicr Tektronis parts. 
Re sure to tlse the fr~ll  ninc digit part number and the cam- 
era type and serial numl~cr  \\.hen ordering. 

If yo11 liave a light leak yo11 may find the source difficult 
to locate. In general, they arc due to improper installa- 
tion of camera liarcl\varr. I t  pays to carefully esamine the 
camera Inck for loosc or missing scre\vs. If you have a 
"liglit leak" that occurs only \\.ith extra long exposures, 

yo11 may IIC recording the liglit cniittcd 11); the C R T  heater. 
This is not a common occurrence today. Aluminized tulxs 
liave \.irtl~ally eliminated the effect. There isn't much you 
ran do about tliis light source except shorten your exposure. 
Long exposures, on older scopes, arc sometimes subject to 
liglit leakage in througli the scope sides and out through 
the C R T .  

Shuttcr sticking is an  occasional prol~lem. Servicing shut- 
ters requires somc mecl~anical skills; not quite as much as 
clock repair, but the task is not to I x  undertaken casually. You 
may prefer to ha1.e your Tcktronis Field Engineer arrange 
repair tliro1igIi a Service Center. I t  is practical, ho~vc\.er, 
for you to c l ~ r e  this prol~leni using normally a\~ailaldc equip- 
ment. 

T h e  follo\ving servicing techniques apply to both the 
Elgeet/Ilex 3X and the I lcs  3 S  Shutter as \\ell as the 
\Vollensak Alphas and Pi-Alphas Shutters.*. If you are 
not familiar \%.it11 shutter ~neclia~~isrns,  I recommend that 
you tackle an  Ilex Ixforc a IVollensak. T h e  springs in a 
IVollensak are apt to pop out as you \vork the shutter ~vi th-  
out the cover. T h e  I lcr  springs are I~eld  in place Ily scre\vs 
and ivon't pop out. Therefore, it's lxs t  to get a feel for the 
action \vith an  Iles.  

" I l e s  is a registered trademark of I l e s  Optical Cornpalay, Inc. 
A lphax  and Pi-Alphas are registered trademarks of 14Jollensak. 



GREASE O N  BACK 
OF T A B  

O I L  ( 
, I \  PENCIL L E A D  

/ 
MASTER L E V E R  

F INGER RELEASE 

GREASE WHERE LEVERS CROSS 

ILEX SHUTTER 

GREASE WHERE 
LEVERS RIDE 

/ \ L E V E R  T A B  
GREASE O N  BOTTOM 

OF CASE 

F INGER RELEASE LEVER 

WOLLENSAK SHUTTER 

Proper attention to the above points, during servicing, will assure smooth and reliable shutter function. 

First, determine that the shutter is ~nalfunctioning by the 
feel of the actuator ( a  spongy or rasping action is a corn- 
nion symptom). Then unscre\cr the lenses from front and 
rear of the shutter housing.-Be sure to remember or  mark 
\r.hich is which; you could have an  identification problem at 
reasseml~ly. If the lenses are stul~born, use a torvel to get a 
better grip. I n  a felv cases, mostly lvith Wollensak lens as- 
semldies, Glyptol cement \vas used to seal the asseml~ly. 
Acetone ~c i l l  soften it. I n  extreme cases, a gripping device 
such as used to open stubl~orn jars may be necessary. 

After the lenses are removed, set the shutter speed at  1. 
Put a mark on the shutter cover a t  the finger relcasc lever. 
Then put a mark on and remove the second cover. ( I l e s  
and Elgeet only).  T h e  marks aid in alignment a t  reassem- 
bly. Note the position of levers and springs. Don't operate 
the Wollcnsak shutter with the cover off. T h e  springs can 
jump off their posts. 

Nest,  fill a small bo\vl with enough Freon to cover the shut- 
ter. Caution-me tu lx  pullel- or similar gripping device to 
dip shutter into Freon. Freon \\.ill remove oil and foreign A Freon bath will 
matter from the shutter and the hand; it is best not to touch. moving Parts in a shutter 



Let the shutter dry, you can use low pressure air if avail- 
able. T h e  shutter should no\\; I\-ork freely. If not, here are 
some suggestions: 

Wollensak Prol~lem # 1 - Plunger lever jumps out 
of slot. 

Solution - Bend tab inlvard slightly 
and reinstall in slot. 

Proldern # 2  - Bent master lever or 
plunger lever. 

Solution - C a r e f u l l y  e x p e r i m e n t ,  

I les  & Elgcet Prol)lem # 1 - 

Solution - 

stnall bends may 11e nec- 
essary to make it ~vork .  

Finger release lever rides 
over or under master le- 
ver. 

Raise or lotver end of mas- 
ter lever to ride in slot on 
finger release lever. A 
sn~a l l  bend upvard  on the 
end of the master lever 
will prevent these two 
levers from jamming. 

Kest, some lul~rication. O n  Ilex shutters, loosen screws (see 
photo) one at  a time and add a small drop of oil on top 
of post. Retighten scre\v. O n  the TYollensak, just add a 
drop of oil. Blot esccss oil; a cotton tip swab is excellent. 
There are four oils that \ve feel are satisfactory; WD40, 
No Noise, Clock Oil, or the oil comrnonly used on meter 
movements. Rub a dry lul~ricant or a "lead" pencil (graph- 
i te),  on the points she\\-n on the photograph. Install cover 
on Wollensak and operate shutter a few times. Blo\\- off 
any excess dry lulxicant. Grease a t  points indicated ~ v i t h  
slvitch dctcnt lube. Check springs and levers again for 
proper function. Asseml~le shutter assembly. Check all 
ranges of speed control. 

Now clean the lens ~ v i t h  lens paper or tissue. Blolv off any 
lint. Reassemble all lenses and the shutter. You should 
now have a relialde shutter, good for years of service. 

ADDING INFORMATION TO POLAROID PRINTS 

Over the years customers have had the need to record data 
on Polaroid I\-a\.eform photos. Some imaginative techniques 
have been reported to us and u e  are passing them along. 

Technique I-Use a draftsman's thin metal erasing shield 
and an eraser ( an  electric eraser is ideal if you're lucky 
eno~rgh to ha\,e one handy) to label or  pinpoint informa- 
tion on Polaroid Land prints. The  shield and eraser \\.ill 
enal~le you to erase through the print to the underlying \vhite 
paper. You can erase axyay a portion of the print to for111 
an arrow or  a space to \\-rite in a number or a I~rief de- 
scription. 

This technique is most effective \\.hen used after the sur- 

Polaroid prints can be written upon with ordinary pen or 
pencil-see Technique 1 for details. 

Information has been added to this photograph with a pointed 
implement-see Technique 2 below for details. 

face has dried a fc\v minutes after development. Don't ap- 
ply the coater until after completing the erasure and re- 
cording your data. 

Technique 2-Polaroid prints are soft enough to be scratched 
for some time after development. This softness enables a 

metal point to scribe data on the print. T h e  point should 
be sized some~vhere I~ct\veen a common pin and a sharpened 
pencil. If the print is too hard, soften it \\,it11 reapplication 
of the coater. 

Technique 3-Apply SNOPAKEO correction fluid, manu- 
factured by Litho-Art Products, Inc., to a select section of 
the print. This fast drying stuff \\-ill form a surface for 
~vrit ing. Ask your secretary; she probably has some stashed 
alvay. If not, yo11r local office supply source has it. 

Technique 4-Less convenient, I x ~ t  effective. Take  a pen- 
cil type soldering iron and \\rite. Tlze results should be 
clear and distinct. 



MARKING PHOTOS FOR ORIENTATION makes the prints suital~le for use in opaque slide projectors 
(magic lantern) .  

You can avoid confusing moments for others if you ~v i l l  
mark on your waveform photos which end is \\.hich. Some 
cameras reverse the \\-a\.eform, some don't; some flip it 
upside down, some don't. Most of you indicate this infor- 
mation in a note attached to the photo, hut woe to a per- 
son \vho gets the photo minus the note! 

T h e  spray treatment is not a sulxtitute for application of 
the regular coating chemical provided \vith each roll of 
Polaroid film for fixing and protecting the print; use 
Marshall Spray after the regular protecti\,e coating has 
been applied and allo~ved to dry. 

hhrshall 's  I're-Color Spray is availal~le through artist sup- 
ply stores. Marshall's Pro-tek-to Spray is a \ d a l ~ l e  through 
photo dealers. 

SPRAY MATTE FINISH ACCEPTS PEN OR PENCIL 

T h e  glossy surface of Polaloid opaque p ~ i n t s  c;m Ix dullcd 
to  a matte finish by application of Marshall's Pre-Color 
Spray o r  Marshall's Pro-tek-to Spray. 

WRITING ON GRATICULES 

For Lvriting on graticules for photographic purposes, \Ye sug- 
gest a yello\c grease pencil. Flora-Flr~orescent made 11y the 
S t a n  Pencil Co. is one type that may he useful. 

T h e  dulled surface can easily be Lvritten on \\.ith ordinary 
lead pencil, I~all-point pen, etc., Dulling the surface also 

INSTRUMENTS FOR SALE 535A, 545.4, 531A & CA, L - 503, 515.4, 
LC 130. Henry Posner, Pacific Certified 
Electric Co., 5272 E. Valley Blvd., 
Los Angeles, California 90032 (2  13) 
225-6191. 

323, $950. R. 1-1. Ellis, Ellis Automotive 
Elcctrics Co., 7 Century St., Hamilton 
2 1, Ontario, Canada. 316, $450. CA Plug-In, $120. Roy B. 

Lang, 1003 Reseda Drive, Houston, 
Texas 77058. (713) 488-0149. 555, 21.4, 22.4, M, C.4, $2400. Ken 

Buddin, Optical Scanning Corp , Ne\\- 
to\\n, Pa. (215) 968-461 1. 517, IA2, $1900. Mr. J. Infusino, 3 Dog- 

~vood Lane, Nutley, N.J. (201) 667- 
4266. 

R422, $1000. William H.  Greenbaum, 
Unilux, Inc., 48-20 70th Street, Wood- 
side, New York 11377. 

RM535.4, 127 Polver Supply, 0 ,  Q, E, %, 
M Plug-Ins. RM567, GRlA, 3A2, 3B2. 
C12 \\/Graflok & Polaroid. Peter M. 
Guida, 525 East 68th Street, New York, 
N.Y. 10021. 

601. Manny Mandell, Tonus, Inc., 45 
Kenneth Street, Newton Highlands, Mass. 
02161. (617) 969-0810. 

520, $1850. Jerry Childs, Datatron, Inc., 
1562 Reynolds Avenue, Santa Ana, Cali- 
fornia. (714) 540-9330. 

127, 132, 123, H,  L, D, G,  B, 160.4, 
P, TU-2. Ken Huff, Bryant Computer 
Products Division Ex-Cell-0 Corp., 850 
Ladd Road, Walled Lake, Michigan 
48088. (313) 624-4571. 

RM181. Dr.  D.  Mellon, University of 
Virginia, Department of Biolo~y,  Char- 
lottesville, Virginia. (703) 924-71 19. 

535A, CA Plug-In, $950. Bob Duke, 
13526 Pyramid Drive, Dallas, Texas 
75234. (214) 241-2888. 

453, $1500. Jack Hart, New Jersey Com- 
munications, 760 Fairfield Ave., Kenil- 
worth, New Jersey. (609) 245-8000. 

RM15, $600. RM45, $900. Z Plug-Ins 
$275 each. Stuart Ex, 14827 Cohasset 
Street, Van Nuys, California 91405, 
(213) 786-7672 or (213) 873-7672. 

531, $400. Dennis Kraft, 7522 Tampa, 
Reseda, California 91335. (21 3 )  881- 
1551. 

532, 53C. Roger Harker, Bently Nevada 
Corporation, Box 157, Minden, Nevada. 
(702) 782-2255. 

130, $200. Robert H.  Bccker, Becker 
Electronics, Inc., 144 Westside .4ve., 
Freeport, Ne\v York 11.520. (516) FR  
8-3005 or (516) FR  8-3092. 

519, C-27, 202-1 Mod 52. .411 $4500. 
Bill Hall, KMS Technology Center, 7810 
Burnet Avenue, Van Nuys, California 
91405. (213) 787-7300. 516 with P6017 Probes. Carl Frederik- 

sen, Moline Tool Company, 102 20th 
Street, Moline, Illinois 61265. (309) 
764-2418. 

531A, 1A2, N, $1250. Michael Mucgge, 
100 Foerstcr St., San Francisco, Cali- 
fornia 94112. (415) 931-8000, Ext. 522 
or (415) 585-1625. 

514AD, $350. Dr.  Robert Howson, Bell 
Telephone Laboratories, Room 1E-315, 
Holmdel, New Jersey 07733. (201) 949- 
5503. 545B, l A l ,  $2000. P.O. Box 1300, Win- 

ter Park, Florida. (305) 831-6222. 
INSTRUMENTS WANTED 80 with probes, 53/54B, T Time Base, 

535. Joe McCauley, P.O. Box 118, Car- 
michael, California 95608. (916) 635- 
1773. 

310A. Paul Katz, 5224 Linden, Bellaire, 
Texas 77401. (713) 524-3761 or (713) 
667-5232. 

453. Carl Frederiksen, Moline Tool 
Company, 102 20th Street, Moline, 11- 
linois 61265. (309) 764-2418. 

454 Mod 163D, $2500. Palmer Agnew, 
314 Front Street, Owego, New York 
13827. 

519, $3200. Ed Snyder, Science Acces- 
sories Corporation, 65 Station Street, 
Southport, Connecticut. (203) 255-1526. 

453. F. Jaml~or,  302 Easy St., .Apt. 60, 
Mt. Vie\\., California 94040. 

5 17.4 Po\ver Supply. Prefer ~vorking, 
\\.ill consider repairable unit. J. E. 
Churchill, P.O. Box 4092, Santa Fe, 
Ne\v Mexico 87501. 

551, CA, 53154C. Guy O'Balinski, Bro- 
mion, Inc., Rt .  .17, Sloatsburg, New York 
10974. (914) 753-2733. 

122, $45. Mr. A. Wolff, Caltronic 
Laboratory, P.O. Box 36396, Los An- 
geles, California 90036. 
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Separate instrumentation requires space, space re- 
quired by separate digital multimeter, separate 
counter, separate oscilloscope. Now the 7000 Series 
combines three, basic instrument functions in one 
system-saving space, without sacrificing perfor- 
mance. The Integrated Test System, a new and 
unique concept from Tektronix, has been created. 
Created by the addition of the plug-in 7D13 Digital 
Multimeter and the plug-in 7014 Digital Counter to 
the 15 Oscilloscope Plug-Ins already available. 

MEASURES: VOLTAGE CURRENT PERIOD 
FREQUENCY RESISTANCE TEMPERATURE 
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COVER-Two new plug-ins open the door to a world of mea- 
surements formerly outside the domain of the oscilloscope. 
The 7014 Digital Counter plug-in directly-gated to 500 MHz 
and the 7013 Digital Multimeter with temperature readout 
make the oscilloscope a more versatile measurement tool 
than ever before. 

Oscilloscopes in the last twenty-five years have 
advanced from relatively simple indicating de- 
vices to sophisticated measurement tools used 
in nearly every segment of our society. How- 
ever, the basic function of displaying wave- 
forms for time and amplitude measurement has 
remained relatively unchanged. 

Now, for the first time, the oscilloscope can 
measure voltage, current, resistance, tempera- 
ture, and frequency, all digitally. 

With the introduction of the 7D13 Digital Multimeter and the 
7Dl4 Digital Counter plug-ins for the Tektronis 7000 Series, 
the oscilloscope assumes an entirely nelv role in the field of 
measurement. 

Counters and digital multimeters are rapidly l~ecoining neces- 
sities on the engineer's \\-orkbench. Integration of these ca- 
pabilities into the oscilloscope provides an ideal anslver to 
the space prol~lem and, more important, offers many ca- 
pabilities not available in stand-alone instruments. 

2 @ 1970, Tektronix, Inc. All Rights Reserved. Printed in U.S.A. - 
U.S.A. and Foreign Tektron~x products covered by U.S. and Fore~gn  Patents and/or  Potents Pending. 



What are some of the advantages of marrying the digital 
counter, digital mdtimeter,  and oscilloscope? R4ost ol~vious, 
of course, are  savings in space and cost. For example, a 150 
MHz oscilloscope complete with digital counter and digital 
multiineter use only 7" of rack height. A significant break- 
through for  users where space is a t  a premium. 

T o  you who record data on photos for your engineering hand- 
book, another advantage readily apparent is the ability to 
display and  photograph amplitude, time, freq~rency, tempera- 
ture, and the  wave shape all at  the same time. 

Signal conditioning is a must for many applications, and the 
wide range of vertical amplifier plug-ins available for the 
7000 Series make excellent signal conditioners for the counter. 
With the 7D14 in either of the horizontal compartments, a 
signal connected to a vertical plug-in can be internally routed 
to the counter by the trigger source slvitchcs. In addition to 
conditioning the signal, this mode of operation lets you vie\\. 
the signal w~liile counting, with m i n i m ~ ~ n i  loading of the cis- 
cuit under test. 

Circuit loading is given special attention in the 71114. 'The 
\vide f r e q ~ ~ c n c y  range of DC to 500 MHz, all directly-gated, 
calls for something other than just the 50-ohm input nor- 
mally f o ~ ~ n d  on high-frcqnency connters. T h e  71114- provides 
110th 50-ohm and 1 - ~ u e g o h ~ n  input irnpedances, and either 
may I)e AC or IIC coupled. In  addition, by using the wrtical  
plug-ins as conditioners, the 7D14- Counter enjoys the same 
freedom from loading you've come to expect in oscilloscopes. 
The  \.\idc range of Tektronis prol~es, from FET's ivith high 
resistance and 1 o ~ .  capacitance to current probes \\;ith prac- 
tically zero circuit loading, can be used to acquire the signal. 
Many of the prol~es can be used directly on the counter if 
attenuation of tlic signal can be tolerated. This leads us to 
another advantage of the counter/scope combination. 

Lo~v-level s i p a l s  are not among "the counted" for most 
counters today. The  100 mV P-P (35 m V  RMS) sensitivity 
of the in14 is better than that of most counters. 'Io\vever, 
even signals in the microvolt region can readily be counted 
using the vcrtical plug-ins as conditioners. Pictured be1o.i~ is a 
400 ,,V, 1 MHz signal being counted after conditioning Ily the 
7A22 Differential Amplifier. 

Low-level, high-frequency measurements beyond 150 MI+ 
can easily be made using the 7Al l  or 7A16 uideband plug-in 
amplifiers for conditioning. T h e  photo s l~o~v ing  a 3 mV, 100 
MI-Iz signal being counted, illust~.ates this unusual capal~ility. 



One o f  the most difficult problems encountered when using 
conventional counters has been in determining just what the 
counter is counting. Noise peaks may trigger the counter or 
variations in signal level may cause an event to be missed. 
T h e  7D14 ends that uncertainty. Now we can see the same 
"shaped" input signal that the counter section actually sees. 

T h e  input signal passes through conditioning circuits in the 
7D14. One o f  these is a Schrnitt trigger which serves to re- 
ject noise and shape the input signal to the counter. The  out- 
put o f  the Schmitt is a rectangular wave and drives the 
counter circuits. This makes it an ideal waveform to display 
on the C R T  along with the input signal. W i t h  the 7D14 in 
a vertical plug-in compartment, we can view the Schmitt out- 
put. It can be displayed as a separate signal or "added" to 
the input signal to show precisely the portion being counted. 

desired ~vidth and position it anywhere along the displayed 
srveep. Thus, we can gate the counter for any portion of  the 
display \ve choose. 

Gating the counter with an external gate that coincides with 
the intensified portion o f  the trace offers many measurement 
possil~ilities. For example, measuring the duration of  a ramp, 
time interval, counting events in a burst and the frequency 
in a burst are but a fe\v o f  the measurements you can make 
using this technique. 

T o  count the number o f  events in a burst, feed the burst 
signal into the counter Channel A input. Gate the counter 
externally rvith the delayed gate output from the scope and 
set the intensified portion o f  the sweep to bracket the burst 
to be counted. T h e  counter readout displays the number o f  
cvcnts occurring in the hurst. Moving the intcnsifiecl portion 
back and forth with the Delay T ime  Multiplier while observ- 

Externally-gated measurements usually entail a lot o f  guess- 
work, especially \\.hen the signal to be counted is a burst. 
Using the 5D1-1 \\.it11 delaying slveep plug-ins such as the 
5B70/7B71 greatly simplifies these measurements. 

The  7D14 is located in one of  the vertical plug-in compart- 
ments and the s\veeps are operated in the delaying time Ime 
mode. T h e  signal to be measured is displayed with A time 
base while B time Inse intensifies the trace and provides the 
counter gate. W e  can set B gate (or delayed gate) to the 

ing that the counter readout remains steady will verify that 
all o f  the events in the burst are counted. This is particularly 
important when measuring bursts o f  10 ps or shorter duration. 

T o  count an unknoxvn frequency in a burst, the setup is the 
same as above only the intensified portion is made shorter 
than burst 1% idth and positioned within the burst. The  counter 
readout is noted. T h e  width o f  the external gate, which cor- 
responds to the intensified portion, is then measured by one o f  
two methods. 

T h e  most accurate method is signal substitution. The  burst 
signal i s  removed and a known reference frequency connected 
to the signal input. T h e  counter readout i s  again noted. Ex- 
ternal gate duration is calculated by multiplying the number 
o f  reference frequency cycles counted, times the period o f  the 
reference frequency (Gate Wid th  = Nrer x period). T h e  
burst frequency i s  then easily determined by dividing the 
number o f  I~urst cycles counted, by the gate width 

Nburst 
( fb , , , , t  = 

Gate Width ) '  

T h e  second method, though not as accurate, is somewhat 
simpler since it requires no external reference frequency. T h e  
external gate width i s  simply measured using the scope time 
lmse. Once the external gate width is measured, the fre- 
quency in the burst is calculated as before. The  number o f  
hurst cycles counted is divided by the gate width 

Nborat 
(fb,,,,t = - 

Gate w i d t h ) '  

Frequency comparisons are connnonly made by alternately 
feeding the two signals into the counter and noting the di f -  
ference bet\veen the two readings. These measurements are 
made more quickly and accurately .rvith the 7D14 using a 
dual-trace or differential plug-in to switch rapidly between 
the tti.0 signals. T h e  7A12, 7A13, and 7A22 are ideal for this 
application. 



The 7D14 provides 8-digit readout on the C R T  with leading 
zeros suppressed, that is, zeros leading the first major digit 
are not displayed. Accuracy of the counter is parts in 10'. 
Why then 8-digit readout? There are a number of reasons: 
first, provision is made to drive the 7D14 with an external 
reference oscillator of greater accuracy and stability. This 
could easily yield measurement accuracy to the eighth place. 
Second, resolution; some measurements are best made using 
comparison techniques. Frequency difference is then of more 
importance than absolute frequency. The more resolution 
you have, the closer the two frequencies can be compared. 
Third, the 7D14 can be manually or externally gated for 
"totalizing" measurements. The 8-digit readout makes pos- 
sible totalizing counts from 0 to 10s. 

Thus far we have discussed primarily the 7D14 Digital 
Counter. Now, let's take a look at the 7D13 plug-in Digital 
Multimeter. 

The 7D13 brings several new measurement capabilities to the 
oscilloscope. We're accustomed to taking AC ~vaveform mea- 
surements from the CRT, but seldom do we take D C  mea- 
surements from it. Perhaps we forget the oscilloscope has 
that capability. More likely, we need better resolution than 
an oscilloscope trace provides, or we find a meter easier to 
read. 

The 7D13 brings improved resolution and accuracy to oscillo- 
scope measurements, plus the convenience of digital readout. 
I n  addition to measuring D C  voltage, the 7D13 measures 
D C  current, resistance, and temperature. The temperature 
mode is new to the digital multimeter field and brings a 
much-needed tool to the engineer's fingertips. 

The heart of the temperature sensor probe is an ordinary 
silicon npn transistor mounted in the tip of the probe. I t  is 
a characteristic of solid-state devices that the voltage across 
a forward-biased p-n junction is temperature dependent. It 
is this voltage that we use to measure temperature. There are, 
however, draul~acks to measuring the junction voltage (VI,,) 
directly. V b e  is not a perfectly linear function of tempera- 
ture and varies from one device to another. This presents 
problems in measurement accuracy and, more important, in 
providing replacement sensors. 

There is a solution to these problems. If, instead of using a 
constant collector current, the current is varied between a 
fairly high value, IC1, and a fairly low value, I"?, with re- 
sultant base voltages, V b e l  and VW, we find that the base- 
voltage excursion ( A  Vt,,) has much-improved linearity and 
is proportional to absolute temperature. 

The relationship between collector current, base-emitter volt- 
age, and temperature is shown by the equation: 

where k is Boltzmann's constant, q is the electron charge and 
T is temperature. Differentiation of this voltage excursion, 
A Vbc, gives its temperature coefficient: 

d k Ic1 
--(A VI ,~)  =- ln - 
d T  q I c z  

Using the s\\itched-collcctor technique and measuring A V I , ~  
as the indicator of temperature change, \ \ e  achieve improved 
linearity in temperature measurements and ease of inter- 
changeability of the transducer transistor or probe tip. 

Pictured is the basic circuit used in achieving the change in 
base-emitter voltage for a given change in collector current. 
The sensor transistor is connected in the feedback loop of 
an operational amplifier with the collector at the input, emit- 
ter connected to the output, and the base grounded. For a 
given current input, the output of the operational amplifier 
forward biases the emitter-base junction of the transistor to 
the level necessary to maintain the input collector current. 

The ratio of the t~t.0 levels of collector current is set at about 
100:1, giving the base-emitter voltage a sensitivity to tem- 
perature of slightly less than 0.4 mV/OC. 

Another valuable feature of the 7D13 is the ability to float 
the input circuit up to  1.5 kV above chassis ground. This 
gives us considerable flexibility in measuring parameters that 
have a high common-mode voltage. The temperature probe 
shares this capability and can take temperatures of compon- 
ents elevated to 1.5 kV. 



UMERICAL CONTROL 

By Gary Neher and Art Andersen 

Tektronis products include numerous parts requiring high- 
quality machining. There are too many of each part for eco- 
nomical, manual operation of machine tools, yet the numlxrs 
are fe~ver than tliat required for the intensive degree of auto- 
mation found in the automobile or  other hi& t.olurne in- 
dustries. T h e  medium volume of each part to be produced 
means Tektronis is a heavy user of nt.imerica1 control, Ix- 
muse it is in the nieclium-volume production of parts tvhere 
numerical control excels. 

Nuinerical control ( N C )  is simply a means of directing somc 
or all of the functions of a machine automatically from 
numerical instructions. These numerical instructions are in- 
troduced to the machine by some form of storcd inpi t  mcdi- 
u111 such as a punchcd or magnetized tape. The  machine 
control unit (RIICU) interprets these instructions and directs 
the machine through the required operations ~ i t h  a coml~ina- 
tion of speed, accuracy and consistency that cannot be equal- 
led by human operators. Altliough the machine tool industry 
is the most conspicuous use area of NC, any mechanism re- 
quiring controlled motion is a candidate for n~unerical con- 
trol. 

I n  our production areas \ve use sulxtantial nurnl~ers of numer- 
ically controIlecl machine tools. Thcse KC units are a cross 
section of the high quality products of a n l ~ m l ~ e r  of \\ell- 
known companies. TVe tvere pleased tvith tliese products, but, 
since numerical control is not a static field, it \vas felt that 

we could contri l~ute improvcnlents. There improvements are 
incorporated in the Tektronis 1501 two-axis and 1702 three- 
nuis Machine Control Units. 

There  are ttvo Insic types of machine tool control. T h e  sim- 
plest is point-to-point in ~ h i c h  the tool or par t  is directed 
to a position and a machine operation such as drilling or 
punching is performed. The  path to tliat point is of conse- 
quence only in terms of time required for ~novement  or 01)- 
stacles that may exist along that path. Positioning control 
is another term for point-to-point control. 

A more sophisticated N C  concept is continuous-path or con- 
touring control. T h e  continuous-path M C U  precisely com- 
mands tool path in multiple axes and receives confirmation 
of actual path through feedback. Contouring control is nor- 
mally used in milling operations tr.hen cutting is simultaneous 
tvith movement. When feedback is used in an  N C  system, 
it is called a closed-loop system. Closed-loop requires a com- 
mand signal from the M C U  to the machine and feedback to 
the control from position transducers on the machine. I n  
a n  open-loop system, no feedback exists. Most open-loop 
systems depend on precision stepping motors to maintain 
positioning accuracy. Open-loop systems u s ~ ~ a l l y  sacrifice fast 
feedrate and accuracy. 

T h e  Tektronis 1701 tivo-axis and the 1702 three-axis MCU's 
are closed-loop, contouring units that are also useful for posi- 
tioning control. 



Contouring systems generally use incremental dimensioning, 
a technique that references each new command to the last 
position on the ~crork piece. Absolute dimensioning refer- 
ences all positions to one common zero-reference point. All 
dimensions are in one quadrant, eliminating negative com- 
mands. Alxolute dimensioning is usually found on point-to- 
point systems. I t  has the follo~ving advantages: 

1. Part programming is directly related to the dimensions 
of a part  drawing. 

2. Part program additions or deletions can easily 11e made. 

3. Starting in the micldle of a part program is much simpler. 

The 1701 and 1702 combine the features of the positioning 
and contouring control. T h e  absolute dimensioning of the 
positioning control is coml,incd ~v i th  somc of thc intcrpola- 
tion techniques of the contouring control, offering a control 
which is adaptable to either positioning or contouring ap- 
plications. Full floating-zero is a standard feature in Tek- 
tronix NC that allo\\.s the zero-reference point to be estall- 
lished manually a t  any position over the full travel of the 
machine. 

There are t ~ v o  types of tape coding recognized by the numeri- 
cal control industry. T h e  standard for the industry is a code 
with which most of us are familiar, ASCII.  However, pre- 
vious to the de \dopment  and \videspread use of ASCII,  the 
numerical control industry had its own standard, the EIA 
code. T h e  EIA code seems to be more popular in the U.S.; 
ASCII is gellerally finding acceptance in the European mar- 
ket. The  1701 and 1702 can accept either code l,y simply 
changing a circuit card. 

MACH'NE 
OMMANDS 

T h e  IILII-pose of a machine control unit is not merely to con- 
trol a position or move. T h e  control must also decode from 
tape and indicate to the machine tool miscellaneous and pre- 
paratory functions to be performed. 

Tektronis machine control units have a standard feature, 
the ability to command the machine tool to perform up to 
80 n~iscellaneous functions. Some examples of miscellaneous 
functions are: 

1. Control of the insertion and retraction of cutting tool, 
punch, or drill on a 2-axis control. 

2. Turning the coolant on or off for a cutting tool or drill. 

3. Positioning a turret and selecting a tool 

During a part program it may be desirable to change the 
mode of operation of the numerical control via preparatory 
functions. Some examples of preparatory functions are: 

1. Selecting linear or circular interpolation on a contour- 
ing control. 

2. Inhibiting the deceleration function of the control. 

Tektronis has entere two and three-axis, 
closed-loop contouring machine control units. Tllcsc ma- 
chine control units ( M C U )  are a direct result of the influ- 
ence of our oivn extensive machine-tool u e r  experience 
(from program~ning to machining) combined \\;it11 estab- 
lished product design skills. Tektronis MCU's offer the ma- 
chine-tool user and the machine-tool manufacturer the new 
program-tape-verification option, along with easier mainte- 
nance through functional layout and many features not found 
in other units in its price range. 

ISC. & AUX. MACHINE 

POSITION FEEDBACK 



As the application o f  numerical control has increased, there 
has been, naturally, a proportional increase in the need for 
methods to provide the necessary instruction coding for e f -  
ficient operation o f  the machines. This instruction coding 
lies under the broad classification o f  part programming. 

Part programming is defined as the technique used to pro- 
vide all the data, in some coded form, to instruct the machine 
tool, through a numerical control unit. T h e  MCU controls 
coordinate-motions, plus all o f  the auxiliary functions such as 
the spindle rotation speed and the table traverse feed neces- 
sary to produce the desired work-piece. T h e  part program- 
ming technique may be as straightforward as manual coding 
each separate instruction in the MCU or as sophisticated as 
using a computer language, such as APT, and a large com- 
puter. A sophisticated program might define all the geo- 
metric elements o f  a part along xvith inputs to control five 
simultaneous axes of  motion such as required to produce the 
complex impeller wheel for a gas turbine. 

A strip o f  one-inch wide, eight-channel punched tape is the 
typical medium o f  part programming. This punched tape pro- 
grams the machine control unit. After programming and tape 
punching, a very significant problem becomes apparent. How 
do you verify that the punched tape does, in fact, have the 
correct data to produce the desired part? 

In other lvords, how do you check for programming errors? 
One o f  the least desirable, but most direct ways o f  checking, 
is to try to produce a first part on the machine from the 
untried tape. A second, and more tedious method, is to dou- 
Ide check each entry on a printout o f  the tape against the 

original part program source ( the part drawing). A better 
approach is to use some plotting device to graphically display 
tool paths programmed by the tape. 

The  plotting device that proved to  be best-suited for fast tape 
verification vm the Tektronix 61 1 Storage Display Unit.  The  
Gll had been proven to be an excellent plotter of co~nputer- 
generated graphics. It could fol1o.i~ the tape-reader speed o f  
300 characters per second, therefore, a part program could 
be plotted in seconds, rather than minutes. 

Unique to the 1701 and 1702 Machine Control Units is the 
built-in ability to interface lvith the 61 1 Storage Display Unit 
for previewing programmed tool path. T h e  611 reveals the 
programmed tool path before actual machining takes place 
and graphically reveals most programming errors. Most pro- 
gramming errors are time-~vasting, gross errors, potentially 
destructive in terms o f  ruined workpieces, I~roken tools, or 
even machine damage. 

In evaluating the graphic method o f  tape and program veri- 
fication for Tektronix nun~erical controls and allied products, 
the following requirements for optional utility were reached: 

IVhile graphic checking during interim programming 

phases i s  valuable, it is highly desirable to be able to 
verify the actual tape that will be used in operation on 

the machine. 

T h e  graphic display must be produced much more 
rapidly than the machine cycle time to produce the 
part. 

Permanent file copies o f  the display should be easily 
obtainable. 



The  coordinate and auuilary function command value5 

on the tape should IIC easily read in decimal form. 

A scaling feature would be needed to enlarge or de- 
crease the plotted area on the 611 Storage Display Unit. 

1 .  d o  
For three-axis paths, the ability to view total tool path 
isometric display is needed, plus the ability to produce 

all three orthographic views. 

, There should not be a necessity to modify the tape com- 
mands to produce graphic display. 

I Display capability should be offered at a low cost and 
\ a 

be independent of a computer system. 

Using the above requiren~ents as a guideline during the prod- 
uct development of the 1701 and 1702 Machine Control 
Units, the application of the 611 Storage Display Unit and 
4601 Hard Copy Printer resulted in a system which not only 
meets those requirements, but also provides additional belie- 
fits for system maintenance and machine tool monitoring. 
This system offers: 

On-site tape verification. The actual part-program tape 

is checked on the same control and same machine on 
which the part is to be produced. 

Rapid display. The display is generated at the masi- 
mum read rate of the tape reader (300 characters per 

second). 

Hard-copy capability. With the 4601, permanent copies 

can be produced in 18 seconds. 

A plot scaling feature from twice size, full size, 1/2, 

1/4, 1/8, and 1/16 part size. 

Isometric and orthographic path display for the 1702 
three-axis control. 

Lo\\, cost. Since graphic-display interface is built into 

the controls, the user needs only the 611 for tape veri- 
fication and the 4601 (if permanent, hard copies are 

desired). 

Graphic tool path verification capability is a unique feature 
of Tektronis 1701 and 1702 Machine Control Units. The con- 
trols use standard EIA or ASCII ~ r o r d  address tape format, 
absolute dimensioning, programmable feedrates, sequence 
number display, command and position display to six de- 
cades and manual data input capability. The controls pro- 
vide command of asis movements up to 99.9999 inches in 
each axis with 0.0001 inch resolution. Both the 1701 and 1702 
are closed-loop controls capable of driving either electric or 
hydraulic servo systems. 

To  use the Tektronix system of tool path verification, the 
programmer or operator connects the 611 (and 4601, if hard 
copies are desired) to the output connectors provided on the 
control. He then loads the program tape to be checked into 
the MCU, selects the scale size to be used, and depresses the 
"CRT DISPLAY" button and the "CYCLE START" button. 
The machine control unit \rill then read the tape at 300 char- 
acters per second and produce a plot of the total motion of 

the tool as coded on the tape. The display will show a line 
plot of all the milling paths, plus centerline marks for hole 
locations and termination points of non-cutting moves. On 
the 1702, for three-axis displays, the operator can select one 
of the three (X-Y, Y-Z, X-Z) orthographic vie\rs, or he can 
select the isometric mode to see the total cutting path in one 
view. 

These views, plotted on the 611, are used to check the tool 
path for general part configuraticn and for cominon errors, 
which are easily identified on such a plot. For more precise 
verification of certain areas of the tool path, the user may use 
a larger scale factor to get more detail. The user can step the 
display through one command at a time, and use the six- 
decade Data Display on the MCU front panel to show the 
actual dimension programmed on tape. This same Data Dis- 
play can be used to verify the feedrate and auxiliary functions 
programmed in each block of tape. Once the tape is verified 
the 4601, if used, can be activated to produce permanent cop- 
ies of the plot shown on the 611. 

After verification is performed, the 611 can be disconnected 
for use at other machine tools and the MCU returned to ma- 
chine control. If the 611 remains connected to the system, an 
additional "over-plot" is produced \chile the machine is in 
operation. With this over-plotting feature, a trace of actual 
tool path \chile machining is sho\cn on the 61 1 Display Unit. 
This feature allows the operator to verify that the machine 
tool is actually traveling along the path directed by thc tape 
colnlnands plotted previously during tape verification. Dur- 
ing corrective maintenance of the numerical control system, 
another benefit occurs from the control-to-storage tube inter- 
face. When using the "CRT DISPLAY" mode with a 611 
Display Unit, if the tool path plot is correct, the maintenance 
technician knolls the problem is probably in the machine tool. 
If the plot is incorrect, the trouble is probably in the MCU. 
Thus, troubleshooting time is greatly reduced and expensive 
down time is kept at a minirnum by means of this graphic 
tool. 



By Carl Battjes 
Manager in Portable & Low Frequency Instruments 

Adjusting ~v ide l~and  amplifiers for m a x i m u m  band~vid th  con- 
sistent wit11 minimum al~errations can 1x a di f f icu l t ,  t ime- 
consuming task. Use  o f  short pulse techniques makes the 
chore much  easier. 

T h i s  technique uses short aild long duration pulse inputs 
o f  equal amplitude t o  measure l~andwid th  and risetime. I f  
\ve drive a n  amplifier w i th  equal amplitude pulses, one 
!\.hose pulse duration "W" equals the  amplif ier risetime, the 
other o f  relatively long duration, the  output pulse anipli- 
tudcs \\ill bear a definite relationship. T h a t  is, the  short 
pulse height "14" rvill be 0.8 that  o f  the long duration pulse. 
I f  amplif ier risetime is faster t han  t he  short pulse duration, 
amplitude "I-I" will be greater than 0.8, i f  slo'iver, less than 
0.8. Using these values o f  'TI", lve can determine band- 
width  and risetime. T h e  chart at t he  right sholvs the  units 
o f  risetime for various values o f  "11". 

Eqiia! an?p!iiiide inpiit pulses, one ivhose pulsi? ividth ec - i ~  'Y1 - amplifier risetime. the other of re/aii~.~e/y long di~ra~ion.  
produce pulse oiitpcils having a prediciable reia;ioi?ship. 

Once  risetime has been determined,  bandwidth is calculated 
b y  use o f  the  familiar formula "bandwidth i n  H z  s risetime 
i n  sec = 0.35". For amplifiers exhibiting prcshoot and/or 
overshoot, the  actual band~v id th  ~ v i l l  exceed the  calculated 
I~ancl\vidtli. Th i s  is due  t o  the variation i n  the l~and'rvidth- 
risetime product o f  d i f ferent  responses. Tek t ron i s  vertical 

Ed tlandris, iaci'ory Service Tccl~nician, adjusis 7A76 using 
sh0i.l pti1ss tc-cliriiquc. 

amplifiers typically have bandwidth-risetime products o f  
0.35 t o  0.36. 

T h e  relationship between short and long duration pulses 
holds for a variety o f  amplif ier responses, the  main source o f  
error being lack o f  equality i n  the  10% and 90% slopes. 
Th i s  lack o f  q u a l i t y  is not o f  consequence for \vide-band- 
~ v i d t h  amplifiers since such amplif iers tend t o  have a h igh  
degree o f  symmetry.  T h e  chart sho~vs  the value o f  "H" for 
several responses and the  percentage o f  errors i n  risetime 
and Innclividth associated w i th  each response. T h e  first five 
curves s h o ~ v  the e f f e c t  o f  syninietry o n  risetime determina- 
t ion accuracy. If a n  amplif ier has many  stages, the  response 
has more poles and the  step response more symmetry.  

VALUES OF H 

Graph sh~!)/iiig rciationship of riseiirni? io sliort pulsc height 
'!&',' , , lor rvo different I -esponss.  \Values ol "H"  should be 
0.7 lo 0.9 lor best accuracy. 



The photo at the left shows the setup for adjusting the 7A16 
Amplifier using the short pulse technique. The signal source 
is a Tektronis Type 109 Pulse Generator tvhich generates 
alternate pulses of independent length. A Type 113 Delay 
Cable provides the long duration pulse and the 2.4 ns charge 
line the short duration pulse. Cutting the 2.4 11s charge line 
to proper length is accomplished using a 568/230 Sampling 
System. The 5-ns, 50-Q cables supplied as accessories for the 
109 are a convenient source of charge lines since both ends 
have GR connectors. Output of the 109 is terrninatcd in 
50 n a t  the 7A16 input. 

The amplifier is adjusted for minimum aberrations on the 
long duration pulse while observing the amplitude of the 
short pulse. An amplitude of 0.8 or greater assures the ampli- 
fier will meet bandwidth and risetime specs. You will notice 
that some adjustn~ents have relatively little effect on the aber- 
rations while changing the short pulse height appreciably. 
These adjustments should be set for masimum short pulse 
height consistent with minimum long pulse aberrations. 

Short pulse techniques are also useful in checking the band- 
width of the amplifier system on higher attenuator settings. 
Constant amplitude signal generators available today lack 
adequate output voltage for making measurements above 
1 V/div. 

Using the short pulse technique not only simplifies compen- 
sation of the vertical amplifier and checking bandwidth of 
attenuators, but also yields better resolution for measuring 
the risetime of the entire vertical amplifier system. 

OVERSHOOT 



TROUBLESHOOTING TEKTRONIX HIGH FREQUENCY SPECTRUM ANALYZERS 

By Darrell Brink 
Product Service Technician, Factory Service Center 

Familiarity with the function of one Tektronix Swept I F  
Spectrum Analyzer is familiarity with all. All use similar 
tunal~le R F  oscillators and swept IF systems. T h e  user sees 
an  operational difference in tlie range covered by the R F  
ccnter frequency control. The  service technician !\.ill see 
a difference in conf ipra t ion (plug-in form or a complete, 
self-contained unit)  p lm differences in R F  oscillator 
circuitry. 

T h e  "lioneycoml~", containing most of the sweeper and I F  
circuitry, is a conspicuous feature. This method of construc- 
tion provides csccllent shiclcling Ixttvccn stagcs and simpli- 
fics troul~lcshooting since it can I x  replaced to isolate a prol)- 
Icm. 

A certain amount of troul~leshooting can be done using a 
minimum of equipment. T h e  noise generated internally l ~ y  
the analyzer and the 1 MIHz markers available a t  the phase- 
lock jack on tlie front panel can be used as signal sources. 
I-Iotvever, a tcst oscilloscopc, a timc-mark generator s~lch as 
Tck's 184 or nctv 2901 and a signal gcncrator capablc of 
200 MI& with variable attenuation will help considerably. 

Higher frequency generators will be required if sensitivity or  
dial tracking is to be checked. 

As with o ~ c i l l o ~ c o p e ~ ,  analyzer problems can often be isolated 
to a particular section by observing the pattern on the C R T .  
T o  insure seeing any signals or noise that may be present, it's 
usually best to start troubleshooting with the front panel con- 
trols set for wide dispersion, masilnum gain, and minimum 
I F  attenuation. With plug-in analyzers, be sure the oscillo- 
scope SAWTOOTI-I O U T  is connected to the analyzer 
SWEEP INPUT-this is often overlooked by the operator. 
T h e  time base should be set to "free run" a t  5 ms/div or 
slower. A note of caution is in order before applying a sig- 
nal to the analyzer RF input. Care should be taken not to 
exceed the m a x i m u m  power limits of the input.  For linear 
operation no greater than -30 dBm should be applied. Sig- 
nals greater than + 15 dBm may damage the unit. See 
chart below. 

T h e  most common problems encountered in these analyzers 
are defective misers and oscillators. Let's take a look a t  these 
and other areas that rnay cause difficulty. 



RF oscillator operation can be checked by applying a kno~vn 
signal to the analyzer and tuning the oscillator to it, or by 
turning on the PHASE LOCK and checking for beat notes as 
the oscillator is tuned t h r o ~ ~ g h  its range. Assuming that the 
phase lock is working, beat notes should be seen across the 
entire oscillator rangc as sho\vn bclo~v. X n  liF oscillator 
failure will usually result in thc loss o f  bcat notcs and signal 
across all or part of  the bands. 

T h e  1L20 and 491 utilize more than one RF oscillator to 
cover their respective range. I f  you suspect oscillator pro- 
blems, switch to a range which uses a different oscillator. If 
the problem still exists, the difficulty probably is elsewhere 
in  the analyzer. 

An  open oscillator filament in early vintage plug-in analyzers 
will remove the + 75 volts feeding the 10 volt power sup- 
plies, causing them to be very low. In this case, a dead oscil- 
lator causes other symptoms such as complete loss o f  gain 
and possibly horizontal or vertical positioning problems. Later 
model 1L20's (above s/n 1150) have zener diodes across the 
fila~nents to prolong their life.  These diodes also prevent the 
10 volt supplies from dropping due to an open filament. 

Another type o f  RF oscillator failure, particularly in the 
band C oscillator in the 491, is a phenomenon known as 
"squegging". Squegging occurs when the oscillator breaks in- 
to another mode o f  oscillation and extra sidebands appear or 
the main signal "breaks up". A low-frequency sine~vave 
several volts in amplitude, e.g., 30 kHz and 10 volts peak-to- 
peak will appear on the band C oscillator B + lead (orange 
wire).  

Squegging generally will not occur throughout the band, b ~ ~ t  
only at one or two points. Phase lock beat notes will usually 
appear distorted and very noisy when squegging occurs. T h e  
only cure is to replace the oscillator. Should this be necessary, 
and i f  you are not properly equipped to do a total realign- 
ment o f  the RF section, we recommend the complete RF as- 
sembly or the complete unit be returned to Tektronix for 
repair. 

Excessive power inadvertently applied to the analyzer input 
causes most mixer failures. T h e  presentation on the screen 
will depend somewhat on the band being viewed. For example, 
if the nzirer fails in band B o f  the 1L20 or 491, you may see 
a signal on screen (shorted or open diodes still pass signals), 
hou-ever, sensitivity will be dolvn. Varying the mixer peaking 
knoh will have little or no ef fect  on the signal amplitude, and 
noise amplitude or "grass" will appear normal. 

itfixer diode failure i n  band A o f  these units typically results 
in large, spurious signals appearing on screen at about 
37.5 MHz, and they cannot be tuned out with the internal 
mixer adjustments. T h e  mixer peaking control has no ef fect ,  
as it i s  out o f  the circuit when band A is selected. 

Mixer diode failure is best confirmed by replacement o f  the 
diode. T h e  usual practice o f  checking diodes ~ v i t h  an ohm- 
meter should not be used, as the current supplied by the 
ohmmeter may damage the device. Care should also be ex- 
ercised ~ v h c n  replacing the diodes. I f  soldered in, be sure to 
"heat sink" them ~ v i t h  pliers to prevent damage. 

T o  replace the mixer diode in band B o f  the 1L20/491 or in 
the 1L30, remo\re the mixer from the instrument and care- 
fully unscre\v the barrel from the body using a ~vrench and a 
vise. Then  remo\.e the diode with a pair o f  pliers. W h e n  in- 
stalling the new diode, be careful not to break the fingers 
on the contacts in the mixer. Of ten  it requires some force to 
push the diode into the contact. 

( A )  Band A mixer assembly. Replace diodes with a matched 
pair. 

( 0 )  Band B mixer assembly. Unscrew the 1 dB pad to re- 
place diode. 



Although not as conmon as "front end" prol~lems, the I F  sec- 
tion sometinles causes trouble. 

Loss o f  gain can generally be traced to the I F  system. When 
the gain is turned up and little or no noise is seen on screen, 
the trouble can be in either the honeycomb or the output 
stages. The output of the honeycoml~ can be checked with 
an oscilloscope for noise of about I volt peak-to-peak \\.hen 
the GAIN control is fully clockwise. Absence of noise could 
mean the 50 MHz crystal oscillator in the narrow band IF 
section of the honeycomb has quit. If that is the case, 
a slight adjustment of the oscillator coil, L44', should cause 
the noise to suddenly appear. A defective transistor in the 
wide band ainplificr, narrow band ainplificr, or rcsol~ltion sec- 
tions of the honeycomb will cause a loss of noise also. 

Sufficient noise out o f  the honeycomb, but none on screen 
in a plug-in analyzer, could mean a defective recorder out- 
put transistor Q650, output ainplificr V620, or detector 
diodes D660 and D661. In  a 191, check amplifiers Q620, 
Q630, (2631, and the detector diodes D640 and D641. A 
failure of Q640 or Q641 will usually shift the trace off screen. 

When noise is present on scieen but no signal, most likely the 
sweeper is not running or the signal is being lost prior to the 
honeycomb. A quick way to check s~jeeper  operation is to 
look at the waveform on pin M of the square pin connector 
strip of the honeycomb. The  signal should appear as a large 
nonlinear sawtooth. Your manual shows the typical wave- 

form. Normal sweeper operation at this point would indicate 
that the signal is being lost in the mixer, filters, or cables 
I~ctucen thc analyxr input and the wide band mixer transis- 
tor, (2140. 

When ~vorking in these circuits, you will find a BNC-to-Sea- 
lectro adapter cable very useful as you can insert a 200 MHz 
signal fro111 a generator at  any point up to the input of the 
honeycoinl~ to help isolate the trouble. Generally, mixers 
will have a loss of 15 to 20 dB; filters, cables and switches, 
virtually no loss. 

If the sweeper is defective, the analyzer display may appear 
as either no signal, eutrente nonlinearity of frequency markers, 
or a short sweep. The  waveform observed on pin M may be 
a badly distorted santooth, a squarewave, or just a DC volt- 
age, depending upon the problem. 

Since the sweeper has t ~ v o  feedback loops, troubleshooting 
can I x  difficult. I-Io\~ever, there are several checks that can 
I x  made to isolate the trouble. Set the dispersion range switch 
to kHz and see if normal operation can be obtained. This 
eliminates the MHz discriminator diodes. If the symptoms are 
still present, return the range switch to MHz and check the 
DC voltage on pin P of the honeycomb. I t  should be adjust- 
a l~ le  to about -0.8 V DC with the I F  C F  (amplitude com- 
parator) range pot (R290) if the amplitude regulating loop 
is operating. If it cannot be adjusted, continue on to the 
next check as something else may be causing the loop to lock 
up. 

Next, check the D C  voltage on pin M of the honeycomb. If 
it's within the range of about +14 to +55 volts, the dis- 
criminator loop is probably operating, and the trouble pro- 
I~aldy is a defective sweeper transistor, Q310, or output ampli- 
fier, Q340Q350. However, other active components in the 
s\veeper circuitry can also be suspect. Abnormal voltage read- 
ings on pin M usually indicate a problem in the discrin~inator 
loop. Grounding the discriminator output (pins N and 0 )  
will establish a reference for checking operation of the loop. 
Checking voltages at several points around the loop should 
disclose which stage is at  fault. For example, the collector 
of Q260 should go to about f 6 V under this condition. 

Phase lock beat notes are produced on the screen when the 
R F  oscillator signal is beat against the internal 1 MHz refer- 
ence oscillator signal. If the R F  oscillator is working, loss 
of the beat notes can be caused by the 1 MI-Iz crystal oscil- 
lator not running. Adjusting the oscillator coil, accessible 
through a hole in the phase lock chassis, may cause the oscil- 
lator to start. 

Improper avalanche adjustment can also cause loss of beat 
notes, low amplitude beat notes, or excessive noise. Check 
your manual for the proper adjustment procedure. 

The  trace shifting off screen when the LOCK CHECK but- 
ton is depressed can be caused by a defective lock check 
s\vitch, or a leaky capacitor across the switch. 



UNGROUNDED INSTRUMENT HAZARD 
,-p--"--.- ~ ---- "- . 

No one knouingly gralx a Inre  polver line. Yet, many of us 
a r e  inviting this experience by using instrun~ents that are 
not properly grounded. There  are  many ways the power line 
can accidentally come in contact with the instrument frame; 
vibration wearing through the insulation where the lead 
touches the chassis, an  accidental touch ~v i th  the soldering 
iron, connection to another imtrument with faulty insulation. 
Whatever the reason, the danger is the same. T o  be safe, 
make sure the instrument is properly grounded. 

O n e  area often overlooked is the 3-to-2 wire adapter sup- 
plied with many instruments. I ts  pulpose is to allow the 
three-pin plug, now used on most power cords, to plug into 
the  older style two-pin power outlets. Unless the ground 
lead projecting from the adapter is properly grounded, the 
mainframe of your instrument is not groundccl. T h c  proper 
practice is to connect the lead from the adapter, to the 
ground screw of the t~o- \ \ . i re  outlet as sho\zn in the photo. 
I n  older installations this screw may not be grounded. A 
quick check rvith a voltmeter Ixtween the ACTIVE output 
and the ground screw on the outlet will tell you. If the 
screlv is not grounded, a n  alternate ground should be found 
for the adapter lead. 

Some applications call for measuring voltages across com- 
ponents elevated to a hazardous potential. O n e  approach 
has Ixen to "float" the scope Ily removing the ground to  
the polver system. Rfuch safer techniques are  now availal~le 
to make most of these measurements. Your field engineer 
will be glad to help you with them. 

_&,a,-_F -.-___,- I-.- - I ,""i-Y-ii_ -.,Î iil..~?,~,d..A....~--..d~_li --" ~ -----.-.-*. ->----,----%"-d---=-,"------- A,--,-/- 

INSTRUMENTS FOR SALE 422 with AC current Probe, $1 100. Earl D53.4 with TD51, A, G, and t\vo probes, 
"s -----* ,. w,-,,~-""-,".---- Olson, Electro-sonic Oil Tools, Inc., 2560 $750 complete. C.  E. Price, Mcdatron, 

564, 3B3, 3A6 with Cart, $1450. R. Ahne- Wyandotte St., Mountain View, Calif. Inc., 1724 N. Main St., Dayton, Ohio 
mann, Redactron Corporation, 100 Park- 94040. (415) 964-0555. 45405. (513) 274-2053. 
way Drive South, Hauppauge, N. Y. 547, $1595. Mr. W. A. Brown, Rt .  4, 561A 3 ~ 3  and 2 ~ 6 7 ,  ~ i ~ h ~ ~ d  F, 11787. (516) 543-8700. 

ltidd1es Bend, Gadsden, 35904. Hahn, 630 Fountainhead Way, Naples, 
(205) 442-5449. 

541A, 53C, $750. 310, $250. Jim Wood- Fla. 33940. (813) 649-2081. 
worth, Broadcast Products, Inc., 12330 535A, CA. Gene Clark, 1722 East 7th 
Wilkins Avenue, Rockville, Maryland St., Duluth, Minn. 55812. (218) 724- RM564, 3A72, 2A60. Jack Hattan, 
20852. (301) 933-3400. 0307. Mrdit;on. 1981 S. Ritchey, Santa Ana, 

Calif. 92705. (7  14) 541-0468. 
3B3, Two - 2A61's. Make offer. Dick 

Mr. Oberton> Ikor> Inc.> N.W. In-  Robertson, ACL, 9125 Gaithcr Road; 3S2, 3T2, TWO - S3's, 3B3. Charles 
dustrial Park, Burlington, Mass. Gaithersburg, Maryland 20760. (301) Weyble, Moore Systems Div., 1212 Bor- 
(617) 272-4400. 948-5210. deaux Drive, Sunnyvale, Calif. 94086. 

Two S-4 Sampling Heads, $500 each. 502A with C-27 Camera. Bids must ex- 
(408) 734-4020. 

Dynetics, Inc., Box 845, Bellevue, Wash. teed $1000. Pete Momcilovich, Int'1.- 535A CA pluS-~n,  B~~~ offer over 
98009. United C O r ~ . ,  P.O. 88870, Seattle, $900, way*e ~~~~l~~ ~ ~ ~ i ~ ~ ~ ~ i ~ ~  c o , ,  

Wash. 98188. (206) 248-1550. 1403 Austin, I r v i n ~ ,  Texas 75060. 
531.4, 53/54C, $595. Dick Everson, Box 310A, $450, ~~~h ~ ~ i l ,  J ~ , ,  special xn-  63B, Friendsville, Penn. 18818. struments ~abora to ry ,  ~ n c . ,  P.O. BOX 547, 1Al ,  $2250. 114 Pulse Generator, 

1950, Knoxville, Tennessee 37901. (615) $300. C.  French, 61 Cody Lane, Los 
535, $450. 545, $1000. 545A, $1100. 525-9538, Altos, Calif. 94022. (415) 941-2339. 
Liberty Electronics, Inc., 548 Broadway, 
New York, N.Y. 10012. (212) 925-6000. D54 with P6011 and P6012 Probes, $550. 

Robert Stout, 5546 Little Lake, Bellaire, 
541A, CA, $1200. Mr. Sperber. (201) Texas 77401. (713) 668-9803. 
276-3944. INSTRUMENTS WANTED 

545A, 1 A l ,  C.4, 500/53A Scope-Mobile ---- 
545, 53/54C, D, $1100. Bill Bradford, Mod 2, $1400 complete. Bob Cobler. 575, 576. Liberty Electronics, Inc., 548 
12772 Hickory Branch Rd., Santa Ana, (916) 273-0322. Broadway, New York, N.Y. 10012. (212) 
California 92705. (714) 838-1218. 535, $850. 545, $950. Pat Gee, Mold -  925-6000' 

561B, 3S2, 3T2, Two S2 Heads. $1750 Scope, Inc'> 17734'/2 Sherman Way, 530 Series Scope/lA7A/lGO Serics/360/ 
complete. Wilmar Electronics Leasing, Reseda, (213)  342-51 1121, sigInLlnd ~ o , ~ c r s o n ,  physics D ~ -  
2103 Border Avenue, Torrance, Calif. 511.A.D. Dean Fredericks, 1814 Johnson partment, Texas .A Pr M University, Col- 
90501. (213) 320-6565. s t . ,  T\'.E., ~ i ~ ~ ~ ~ ~ ~ l i ~ ,  ~ i ~ ~ ,  55418. leve Station, Texas 77843. (713) 845- 

(612) 781-2583. 5z55. 
Two - R561A's, Five - 2A60's, Two - 
2B67's. A1 Kutas, Dorex, 10221 Notting- B Plug-In, $100. D.  C. Malatesta, 581A with Plug-In. Edward Withey, 
ham, Westminster, California 29683. EMCEE Electronics, Inc., P.O. Box 32, Laurel Drive, Lincoln, Mass. 01773. 
(714) 523-1566 or (714) 531-9914. New Castle, Delaware 19720. (617) 897-7647. 
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Scale factor readout changes automatically to indicate vertical 
sensitivity at probe tip when recommended 10X probe is used. 
Similarly, sweep-rate readout changes automatically when I O X  
magnifier is turned on. 

By Jerry Shannon and Ahne Oosterhof 

In the oscilloscope field, plug-in versatility has tradi- 
tionally been limited to high-frequency instruments. 
Introduced by Tektronix in 1954, the plug-in concept 
allowed the user to easily and inexpensively change the 
characteristics of his oscilloscope to cover a wide range 
of applications. 

Now, with the introduction of the 5100 Series, the users 
of low-frequency oscilloscopes will enjoy these same 
benefits. 

Since the same need for versatility exists in the low- 
frequency as in the high-frequency oscilloscope field, we 
determined to do our best to meet that need. Our goal 
was to offer a laboratory-quality, low-frequency, plug- 
in oscilloscope at the lowest practical cost to the user. 
We also wanted to include inany of the features such as 
scale factor readout, large screen C R T  and solid state 
stability found only in the latest instruments. 

Breakthroughs would have to be made in many areas. 
Simplified circuit design, new production techniques 
for CKT's, switches and other components, and re- 
duced assembly and calibration time would have to be 
achieved if we were to reach our goal. The  end result of 
our efforts in all of these areas is a series of products that 
bring you new nleasureinent capability, plus a flexibil- 
ity previously unavailable in any other oscilloscope 
sys tern. 

First in this series is the 5103N Oscilloscope System, a 
general-purpose, low-frequency (DC to 2 MHz) oscillo- 
scope featuring cost-saving innovations such as inter- 
changeable display modules, plug-ins, and bench to 
rackmount convertibility. Four display modules, each 
with a large 6%-inch CRT, give you a choice of single 
beam, dual beam, single beam storage or dual beam 
storage. You can readily change from one display mod- 
ule to another or convert from bench to 5%-inch rack- 
mount configuration in a matter of minutes. Nine 
plug-ins give you a wide choice of vertical amplifiers 
and time bases. 

Several innovations in the amplifier and t ine  base plug- 
ins enhance operating ease. For example, scale factor 
readout for each amplifier is provided by i l luminat i~g 
the knob skirt behind the area identifying the correct 
scale factor, even when using the recoininended 10X 
probes. This same feature is used in the time base plug- 
ins to indicate correct sweep rate with the magnifier on 
or off. The  possibility of measurernent error is thus 
greatly reduced. 

The  choice between left and right vertical plug-in is 
made by depressing the DISPLAY button on the respec- 
tive plug-in. This button also switches the light on 
behind the readout skirt, so a glance is all that's needed 
to imnlecliately identify which channels or plug-ins are 
in use. With neither DISPLAY button depressed, the 
left hand vertical is displayed but its readout is not 
illuminated. 

When two amplifier plug-ins are enabled, the main- 
frame automatically converts to the alternate or  
chopped mode of operation as selected by the DISPLAY 
button on the time base. T h e  switching sequence allots 
two time-slots (in chopped) or two sweeps (in alter- 
nate) to each vertical plug-in. When dual-channel 
plug-ins are used, each channel takes one. time slot or 
one sweep. In the dual-beam mainframe, switching be- 
tween plug-ins is eliminated as each amplifier is per- 
manently connected to one vertical deflection system. 

Now let's take a closer look at each of the 5100 Series 
modules. The  5103N mainframe module contains the 
low-voltage power supplies, horizontal and vertical am- 
plifiers, the electronic switching and logic circuitry 
for dual-trace operation between plug-ins, and three 
plug-in compartments. I t  will interface directly with 
any of the four display modules in a bench or rack- 
mount configuration. Any plug-in can be used in any 
compartment to achieve X-Y, Y-T or raster displays. 



Four display modules pictured from top to bottom are single 
beam, single beam storage, dual beam and dual beam storage. 
All feature a large 6% screen and internal graticule. 

Each of the display modules uses a new 6%-inch ceramic 
C R T  with an 8 x 10 division ($4 inch/div) internal 
graticule. The  CRT, with 3.5 kV accelerating potential, 
has a bright, well-defined trace. Simplest of the display 
modules is the Dl0 single-beam display unit. In addi- 
tion to the CRT, it contains the high-voltage supply, a 
voltage, current and time (2X line frequency) cali- 
brator, the C R T  controls and the power switch. A beam 
finder positions the beam on screen regardless of the 
setting of the vertical or horizontal position controls. 
The  front panel Z-axis input with DC to 1-MHz band- 
width requires only 5 volts to modulate the beam. 

The  Dl2 dual-beam display module is the same as the 
Dl0 single-beam unit except the CRT has two writing 
guns and two pairs of vertical deflection plates. Both 
beams cover the full 8 x 10 division screen. Also in- 
cluded are separate intensity and focus controls for each 
beam. 

Single and dual-beam storage operation are provided 
by the Dl  1 and Dl3 display modules respectively. 
The  bistable, split-screen storage CRT's have a unique 
brightness control which permits varying the stored 
brightness to retain the image for several hours without 
damage to the CRT. The  brightness control, in con- 
junction with other storage controls, also allows inte- 
gration of repetitive signals to effectively increase stored 
writing rate. 

THE PLUG-INS 

The  nine plug-ins presently available include six am- 
plifiers and three time bases. Simplest of the amplifiers 
is a plug-in having just an input stage with a potenti- 
ometer as an attenuator. Designated the 5A24N, the 
unit has a 50 mV/div sensitivity and is ideal for you 
who have low-cost monitor needs. 

For simple measurements where signals of varying am- 
plitude have to be measured, the 5A23N with decade 
attenuator steps and a 10 mV sensitivity is available. 
Bandwidth is DC to 1 MHz. 

A companion plug-in, the 5B13N time base, provides a 
low cost sweep unit with sweep ranges from 5 p l d i v  to 
0.5 sec/div in decade steps. A variable control extends 
the slowest sweep to 5 sec/div. 



When signals of only a few millivolts are to be meas- 
ured, the 5A15N provides 1 mV sensitivity and DC to 
2-MHz bandwidth. The  5A18N offers the same char- 
acteristics with dual-trace capability including the con- 
venient ADD mode. This mode is especially useful 
when signal differences between two points are to be 
measured while both points are elevated by a common 
signal. 

Getting down into the difficult microvolt region where 
the applications call for low noise and high common- 
mode rejection, the 5A20N and 5A21N differential am- 
plifiers with FET inputs provide stable operation to 50 
pV/div. Bandwidth is DC to 1 MHz. Upper bandwidth 
can be limited to 10 kHz for noise reduction. Common- 
mode rejection at 50 pV/div, DC coupled, is 100,000:l. 

T o  permit common-mode measurements with the use of 
attenuator probes, a probe having accurate attenuation 
has been developed. The P6060 has 10X attenuation 
and provides common-mode rejection of 400:l at any 
deflection factor when used with the 5A20N or 5A21N. 

T h e  5A21N plug-in, while similar to the 5A20N, has the 
added feature of a current-probe input. Using the 
P6021 current probe, bandwidth is 15 Hz to 1 MHL 
with sensitivities from 0.5 mA/div to 0.5 A/div. The  
normal 100 Hz low-frequency response of the P6021 is 
extended by low-frequency correction in the amplifier 
to permit measurements at line frequency. This makes 
the unit especially useful in power supply design work. 

Many low-frequency applications make use of X-Y type 
displays. As the mainframe has identical vertical and 
horizontal deflection systems it is possible to make ac- 
curate phase measurements using two identical plug- 
ins. A control on the deflection amplifier board allows 
phase calibration to better than one degree at specific 
frequencies up to 1 MHz. 

Two more time bases round out the selection of plug- 
ins available. The  5B10N provides sweep ranges from 

1 p / d i v  to 5 sec/div in a 1-2-5 sequence with a 10X 
magnifier extending the fastest sweep to 100 ns/div. 
The  unit offers versatile triggering from DC to 2 MHz. 
Both trigger source and trigger mode are selected by 
pushbutton. A single-sweep mode simplifies the captur- 
ing of single-shot phenomena for photographing or 
storing displays. Included is an external horizontal 
mode which provides a convenient means for making 
simple X-Y measurements. Sensitivity is 50 mV/div with 
DC to 1-MHz bandwidth. 

A dual time base, the 5B12N, covers a wide range of ap- 
plications. Offering the maximurn in versatility, it in- 
cludes the popular sweep switching introduced in the 
547 Oscilloscope. In the dual-sweep mode, the A sweep 
is slaved to the left plug-in, and the B sweep is slaved to 
the right plug-in. This gives you, in effect, dual-beam 
operation for repetitive signals. The  two sweeps can 
also be operated in the conventional delaying-sweep 
nlodes with a 10-turn delay multiplier providing ac- 
curate delay settings. The  5B12N also includes an ex- 
ternal horizontal mode for X-Y operation. 

Some applications require a vertical sweep or raster 
presentation. This is easily accoinplisl~ed by plugging 
any of the three time bases into one of the vertical com- 
partments. The  5 1 03N provides convenient front panel 
access for Z-axis modulation in these applications. 

A low-cost camera, the C-5, complements the low-fre- 
quency 5 100-Series instruments. Its fixed-focus, fixed- 
aperture design makes waveform photography simple. 
An access door in the top of the camera allows viewing 
the C R T  without removing the camera. 

Some of the areas expected to benefit from the versatil- 
ity of the 5100 Series are medical research, educational 
instruction, low-frequency phase work such as servos, 
mechanical analysis using strain gauges and other trans- 
ducers, and engine analysis. 

Dual-trace vertical and dual time base plug-ins offer maximum versatility. 
At left above, both Ch 1 and Ch 2 are displayed by both A and B sweeps. 
Right above, adding a single trace plug-in, with A sweep on EXTERNAL you 
can have dual-trace X-Y, while right vertical and B sweep provide Y-T. 



SIGNAL GENERATION & 
ONDITIONING 

Plug-in versatility has proven its worth in oscilloscopes, 
counters, pulse generators and nlyriacl other products. 
Now this concept is extended to a new series of instru- WITH ments desiened to be the meetine place for many dif- " " 
ferent systems. We call them the 2600-Series modular 

A N Ew instruments. T h e  term "modular1' is used here in a 
broad sense and includes packaging, interconnections, - - 

M 0 D U LAR i n p u t / o u t p u t  cl~aracteristics, power supplies and  
accessories. 

S Y S lP E M Designed to permit relatively tree interplay between 
analog and digital circuits, inost inputs and outputs are 
comptible  with DTL and T T L  logic levels.   ow ever, 
they differ electrically slightly to allow proper opera- 
tion with non-DTL and non-TTL circuits. 

T o  get a feel lor the versatility of the series, let's look 
briefly at the individual units. 
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T h e  2601 mainframe, a basic element in the series, is a 
power supply and interconnecting system for 2600- 
Series plug-in units. Providing pre-regulated voltages at 
UP to 50 watts, the 2601 acconlmodates six plug-in units. 
T h e  pre-regulated voltages are further regulated in the 
individual plug-ins and, in some instances, used to 
power DC to DC converters for special needs. This pro- 
vides maximum tlecoupling between units. 

A seventh plug-in section in the 2601 plays a vital role 
in the versatility offered by the 2600 Series. I t  contains 
the interconnection boartl. The primary function of 
this board is controlling plug-in unit operation, proces- 
sing signals to or from a plug-in, or passing signals be- 
tween units. Thus, having planned and set up system 
operation front the front panel, you can duplicate 
the connections between units on the interconnection 
board and then tuck then1 away out of sight. Spare 
boards may be used to change rapidly froni one setup to 
another. Most plug-in front panel inputs and outputs 
are coupled through the interface connections at the 
rear of the plug-ins and are duplicated on the inter- 
connection boartl. 

Pictured below are two of the interconnection boards 
currently available. The  boartl on the lelt is used p i -  
marily to provide interconnet tion between plug-ins. 

The  board on the right also provides interconnection 
between plug-in units but has an exciting addi t io~~al  
feature. Fourteen 16-pin dua l  in-line plastic I .C. 
sockets, plus a locally regulated $5 volt supply, are 
mounted on the board. Ready connection between 
I.C.'s and the plug-in units is made by standard 40-mil 
patch connectors. This permits you to add the relays, 
switches, pulse transformers, resistor networks, 011 amps 
and many other functions available in the dual in-line 
package, to the functions available in the 2600-Series 
plug-ins. Instrument versatility thus becomes virtually 
unlimited. 

Interconnection board at left permits internal connection be- 
tween plug-ins. Board at right interfaces plug-ins with 74 IC 
sockets. Board includes $5 V regulated supply to power IC's. 

You may also elect to use the I.C. board and 2601 main- 
frame plug-ins completely independent of one another. 
Ten  spare front panel jacks on the interconnection 
board provide convenient interface points. Front and 
rear panel 13NC connectors on the 2601 may also be con- 
nected internally to any jack on the I.C. interconnec- 
tion board. The  pre-regulated +I7 and -17 volt 
supplies are available on the board and can often be 
used to power linear I.C.'s where other than $5 volts is 
required. 

Now let's take a look at the plug-ins. The  26G1 and 
26G2 are basically ramp generators and produce ramp 
voltages ideal for analog timing applications such as 
delayed triggering of pulse generators, time bases for 
monitors, and raster generation. 

Several ramp inodes are available to you. Free run, 
gated, triggered, and gated trigger, plus n~anually gated 
or triggered operation is readily accomplished from the 
front panel. In  addition, the 2GGl can be internally 
triggered by the rate generator wliich is an integral part 
of the unit. The  trigger and gate levels, both input and 
output, are compatible with logic levels used in most 
DTL and T T L  logic devices. 

A convenient feature is the ability to terminate the 
ramp at any point in its excursion by applying a posi- 
tive logic 1 to the Ramp Reset input or a logic 0 to the 
Ground to Reset input. This provides for some inter- 
esting possibilities. For example, the 26G1 or 26G2 can 
serve as a time-to-height converter. The  amplitude of 
the ramp output can be made proportional to the input 
pulse width simply by feeding the pulse into both the 
Trig and Ground to Reset inputs. The  ramp is then 
started by the leading edge of the pulse and terminated 
when the pulse falls to zero. 

111 addition to the main ramp output of 10 volts, sev- 
eral other signals are available at the front panel. A 1- 
volt ramp output serves as a convenient time base for 
the 601, 602 and 61 1 monitors which are ideal corn- 
panion units to the 2600 Series. The  f 3-volt Ralnp 
Gate, of the same duration as the ramp, provides un- 
blanking for the monitor. A +%volt, 1.5-p pulse coin- 
cident with the start of the ramp is handy to trigger 
your oscilloscope or other associated circuitry used in 
the application. 

We mentioned earlier that the 26G1 also contains a 
rate generator. Nor~nally he- running  at a frequency 
determined by the Rate and Mdtiplier settings, i t  can 
also be gated manually or by an external gate. All that 
is needed is reversal ol an internal 3-pin connector. The  
Gate and Ground to Gate inputs then serve to gate the 
rate generator, with the first pulse from the rate gen- 
erator coincident with the start 01 the gate. The  rate 
generator may be used independent oi the ramp gen- 
erator portion of the 2GG 1 .  





Now let's see what happens when we push the Manual 
button on the 26G2. A single pulse, 1 volt in amplitude 
and 300 ps in duration is generated, followed by an 
identical pulse 10 nls later. The  two pulses are then re- 
peated at 1.5 sec intervals with the time between them 
reduced 1.5 ins each time they repeat. X reset pulse from 
the 26G1 prevents the slew 1-amp from triggering the 
26G3 at the peak of its excursion, producing an un- 
wanted pulse. 

One other important plug-in currently available in the 
2600 Series is the 26.41 Operational Amplifier. I t  is a 
high-power operational amplifier ideal lor final pro- 
cessing of signals genelated in 2600-Series system. Out- 
put capabilities are 250 V and up to k50 mA. Open 
loop gain is 10,000 into a 1 k~ load with a unity gain 
bandwidth of 5 M H L .  

TEKTRONIX FORM NUMBER 
0 6 2 - 1 2 6 5 - 0 0  

(Pad of 5 0  sheets) 

Access to the operational amplifier inputs and outputs 
is via a Terminal Access Adapter which plugs into the 
plug-in unit. The  adapter also provides access to the 
front panel connectors and the regulated + 15 and - 15 
volt supplies. Clips and jacks are mounted on the 
adapter circuit board so you can easily change the oper- 
ational amplifier function. A Terminal Access Adapter 
kit which includes a circuit board with a 0.1 x 0.1 inch 
grid of plated-through holes is available for construct- 
ing circuits to meet your specific needs. 

The  2600 Series also brings new capabilities to you 
who own 7000-Series oscilloscopes. Through the use of 
an adapter, you can operate any of the 2600-Series plug- 
ins in your 7000-Series mainframe; truly plug-in versa- . - 
tility at its best. 

NOTES: A 10-second train of paired pulses, each pulse 300 us in duration, 1.0 volt in amplitude. 
Pulse pairs repeated at 1.5 second intervals with the time between pulses reduced 1.5 as 
each repetition. Pin 15 of U70 in the 26G1 is connected to output G on the 26G1 for a 
reset pulse. A 601 Storage Display Unit serves as monitor. 

Interconnection board worksheet shows connections between units, front panel control settings 
and waveforms generated by set-up. Notes include signal parameters and special instructions. 
Worksheet provides permanent record of set-up. 
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B : measuring the linearity of fast ramps 
1 By John McCormick, Project Engineer $ 

John received his BSEE, with distinction, from U of Kansas in 
1962 and his MSE with a Materials Sciences Option from 
Princeton in 1965. With Tek s ~ n c e  1965, he has contributed 
much to fast-ramp technology while working on sampling 
sweeps. 

T h e  time measurements you make with your oscilloscope can 
only be as accurate as the time base displayed on the C R T  
screen. Improvements in components, ramp generator cir- 
cuitry and C K T  construction have given us time bases speci- 
fied accurate within 2 or 3y0 and typically accurate within 
]yo. With the great strides being made in vertical amplifier 
bandwidth has come the challenge of providing the fast 
sweeps needed to properly display these higher-speed phc- 
nomena. Generating and measuring fast, linear ramps poses 
unique problems. This article cliscusscs a solution for one of 
those problems, that of measuring the linearity of fast ramps. 

There are two important quantities used to specify and de- 
scribe a ramp. These are the mean slope of the ramp, and 
linearity or slope deviation from the mean. An icleal ramp 
has a constant slope and Ir perfectly linear. I t  is usually easy 
to measure the mean slope of the ramp but linearity measure- 
ments nre difficult to make and are usually made in an in- 
direct manner. I h i s  is especially true in the case of very fast 
ramps (tens of nanoseconds in length). 

T h e  terminology usecl to cicscribe linearity varies according 
to the  neth hod used to measure it. X sampling oscilloscope 
can form the basis for a convenient and precise method of 
ramp slope and linearity measurements. However, before de- 
scribing the method it will be necessary to define a few terms. 

DEFINiTIOMS 
i\lathematically speaking, the slope of a waveform at  any 
point in time is the derivative of the waveform with respect 
to time. If V (t) is a voltage waveform, then the slope at  any 
time is given by 

dV (t) slope = rn (t) = - 
dt 

In  the case of an ideal ramp, the slope would be constant. T o  
describe a ramp we may consider an icleal ramp with the 
desired constant slope .cvhich we will call the mean slope, plus 
some deviations of the slope from this constant value. 

Where m (t) is the actual slope at any given time, m, is the 
mean slope and 1 (t) is the nonlinear~ty of the ramp. 

Percentage of nonlinearity is expressed by the equation 

m (t) - m, 
% Nonlinearity = ( 1 (t) ) x 100% =- x lo@% 

'no ]no 

T h e  nonlinearity is a function of time and can be determined 
if we know 111 (t) and m,. It  is relatively easy to measure m, 
by fcetling the ramp into the vertical system of a scope and 
nlcasuring its amplitude and duration; m (t) is the time 
derivative of the ramp waveform. It  is possible to measure an 
approximation to m (t) by several methods, only one of 
which we will discuss in detail here. 

T h e  derivative of a voltage that is a function of time V (t) is 
given by the basic definition: 

-- " (t) - In (t) = v ( t + a t )  - v ct) 
dt ~t 

limit At  + 0 

What we can measure is 

m:P (t) = v ( t + n t )  - v (t) 
At  

At finite 

I t  is obvious that mi (t) is just the average slope of the func- 
tion V (t) measured over a time A t  at each point in time as 
in Fig. 1. I\ convenient name for A t  is the time resolution or 
simply, the "resolution" of the measure~nent. T h e  resolution 
is indicative of the detail that can be resolved. If the slope 
111 (t) has components which last for a time on the order of 
A t  as in Fig. 1, they will be smoothed out in the measure- 
ment. If the ramp has a fast start like the ideal ramp in Fig. 
2 (a) , then the mi (t) Fig. 2 (c) will differ from the actual 
derivative in Fig. 2 (13) because of the finite resolution time. 
T h e  smaller the resolution time, the closer m* (t) will be to 
m (t) . Now let's consider methods of measuring mi (t) . 

One simple way to obtain m* (t) for a waveform would be 
to process the waveform with an analog differentiator as in 
Fig. 3. This  works pretty well with slow ramps but is very dif- 
ficult to implement for fast rarnps. X better method for fast 
ramps makes use of sampling techniques to time-convert the 
ramp to a slower-speed replica. hleasuring the slope is then 
an easy matter. T h e  technique shown in Fig. 4 can be usecl to 
meas~ire V (t+At) and V (t) . T h e  ramp waveform is fed into 
two identical sampling heacls, A % B, each of which procluces 
a DC voltas? in its respective memory, proportional to the 
value of the ramp voltage at  a time t, when the strobe opens 



Fig. I .  Resolution limits measurement detail. Components last- 
ing for a time on the order of A t  wil l be smoothed out. 

(C) I IY MEASURED DERlVATlVE 

Fig. 2. Measured slope differs from the actual derivative be- 
cause of the finite resolution time. 

the sampling gate. If the stlobe time for channel A (tSA) is 
made different from that for channel B (tss) by some time 
(At) due to unequal delays T, and T,, then the voltage 
measurcd by the respectit c sampling h c d \  will be 

V z ~  = ( t ~ ~ )  vs, = v ( ~ s A +  A t )  

We can then substract them at each time t. 

If we divide the difference in strobe time A t  we have 

A convenient realization of the above technique can be ob- 
tained with a sampling system set up  as in Fig. 5. T h e  sys- 
tem consists of a 7000-Series four-compartment mainframe, a 
7Tl1,  two 7Sl l's, two S-l sampling Ilea& and a 7A22. If the 
signal cannot be loaded by 50n then a probe such as the 
PG034,1'6035 or PG051 can I x  used to couple the signal to tllc 
power divider tee. An alternate approach would be to use 
S-3X or S-5 sampling heads in place of the S-I. 

T h e  gains of both sampling channels should be adjusted so 
that they are equal (note variable front panel control on the 
7Sl l docs not effect the gain of the vert sig ou t ) .  This  can be 
done by inserting a variable attenuator in the leads from the 
vert sig out  to the 7A22. Comparing the ;irnplitudes of the two 
vertical signals out is cxily clone with the 71122. Just feed 
both signals differentially into the 71\22 ;mtl ;idjust the gains 
until the base line is a t  the s;me level bcforc and after the 
ramp. 

Fig. 3. Analog differentiator is a convenient means of meas- 
uring slope and linearity of slower ramps. 

STROBE @ TIME t, 

I SIGNAL V(t) 

Fig. 4. Block d iagram of a sampl ing system to  measure 
V(t+At) - V(t). Resolution is set by difference in time of T A  

and Ts. 

OWER DIVIDER TEE 

I 
I v,,, 

Fig. 5. 7000-Series system to measure ramp (Vt) and slope 
(m*t) and display them simultaneously. Attenuator is placed in 
series with 7A22 input having largest signal so inputs to 7A22 
may be set to same amplitude. 



T h e  resolution should be set by turning the right hand 7Sll 
Delay Control full CCW, grounding the negative input of 
the 7:122 and setting the left hand 7S1 1 Delay Control for the 
desired At  by observing the separation of the two traces on 
the screen. Be sure to adjust the gain of the 7,422 using the 
variable if necessary so that the two traces have the same 
amplitude on the screen. T h e  top photo below is a typical 
display for setting resolution. 

Top photo is typical display for setting resolution. Bottom photo 
shows ramp and its slope. Aberrations are caused by non- 
linearities in the ramp. Resolution is 6 ns. 

After setting the desired resolution or At, the negative input 
of the 7.122 is moved to the I X  position. Now displayed on 
the C l i T  is the voltage differential between the outputs of 
the samplers which is proportional to At  and the slope of the 
r a n p .  Aleasuring the amplitude of this voltage differential 
and knowing At  we arri\e . ~ t  m X  (t) or the slope of the ramp. 

T h e  bottom photo above shows the slope waveform and the 
ramp whose slope it represents. Aberrations on the slope 
waveform are due to nonlinearities iii the ramp. T h e  am- 
plitude of these aberrations relative to the amplitude of the 
slope wa~eform is the measure of the nonlinearities that exist 
in the ramp. 

BaCCURAC!f' OF THE p$lEWSlJRE\4BEN"f 

Although the absolute slope in volts per nanosecond can be 
~neasured with this system, the accuracy is not as good as it is 
when measuring linearity unless the system is calibrated with 
;I known slope. Contributing to the accuracy of the slope 
measurement are the accuracy of the sampling channel gains, 
the accuracy of the 7.-\22 gain, and the accuracy with which 
the time A t  is known. 

One method of eliminating the problem of absolute sweep 
calibration for accurate A t  is to adjust for both channels to 

sample at the same time and add a known length of delay 
line in the signal path of one of the sampling channels. 

Two other factors effect the accuracy of the linearity meas- 
urements. These are nonlinearity in the vertical response 
and nonlinearity in the sampling sweep. Of the two, the 
sweep nonlinearity is the dominate effect. T h e  linearity of 
the sweep is specified to be within 3% over most of the T ime 
Position Range and can be checked by the usual method with 
accurate time marks. For sweep speeds with low magnifica- 
tion the linearity is typically better than 1%. 

Precision refers to the ability to measure small differences in 
signal amplitude and is limited primarily by noise. With the 
system described we can easily measure lyo differences in 
slope. I t  must be borne in  mind that the response of the 
7S11's must be identical. A convenient way to assure this is to 
set the dot response of both 7Sll's to unity. It  is also im- 
portant that the scan rate be slow enough for the bandpass 
used on  the 7A22. 

RANGE SLOPE MEASUREFAEfdTS 

T h e  upper limit on slope, m X  (t),  in volts/nanosecond is 
determined by the risetime of the sampling system and our 
ability to set the resolution to be a small portion of the ramp. 
T e n  to twenty percent of ramp duration yields good results. 
T h e  system described provides resolution from 10 ns to less 
than 100 ps. W e  should keep in mind that as the resolution 
time decreases, so does the signal out and noise will be a 
problem. T h e  7A22 variable bandpass may be used to reduce 
noise but the display rate must decrease proportionally. This  
is easily done by varying the scan control on the 7 T l  I. 

T h e  lower limit on m X  (t) in  volts/nanosecond is set by 
noise as the resolution time cannot be adjusted greater than 
10 ns without instrument modification. A useful lower limit 
set by noise places the longest ramp length that can be mea- 
sured with this system at  about 500 ns. However, an external 
delay line can easily be inserted in the signal path of one sam- 
pling channel to extend the lower limit. 

We have discussed how differentiation of a fast ramp leads to 
a convenient method of measuring ramp linearity and have 
shown how to construct such a measurement system. A ramp 
and its slope, m X  (t) , are shown in the bottom photo at  left. 
T h e  resolution is about 5y0 of the ramp length. T h e  risetime 
of the slope can be measured as well as amplitude, overshoot, 
ringing and droop, just as if measuring a step response, and 
these quantities all relate to how linear the ramp is a t  any 
point. T h e  advantage of having the ramp and the slope dis- 
played simultaneously is that the effect of circuit adjustments 
affecting the slope are seen immediately. 

T h e  ability to differentiate fast waveforms can be useful in  
other applications as well, such as measuring impulse re- 
sponse by differentiating the step response. Differentiation of 
theoretical expressions has always been a useful technique in 
certain analysis (such as linearity of ramps), but with the 
ability to measure the derivative directly and display it, 
although limited by resolution time, the technique becomes 
even more useful. 



SERVICING THE 7704 HIGH-EFFICIENCY POWER SUPPLY 

By Charles Phillips 
Product Service Technician, Factory Service Center 

This is the first in a series of articles on servicing the 7000- 
Series oscilloscopes. T h e  7704 serves as the basis for these 
articles since it contains most of the new circuitry, compo- 
nents and construction techniques we will be discussing. I t  
is not our intent to discuss the general techniques used in 
troubleshooting oscilloscope circuitry as these were covered 
extensively in the February 1969 to February 1970 issues of 
TEKSCOPE. Copies of these articles are available through 
your field engineer. 

Proper operation of the regulated low-voltage supplies is 
essential for the rest of the scope circuitry to function prop- 
erly, so let's look at  this section first. 

T h e  high-efficiency power supply used in the 7704 is a new 
concept in power supply design that results in  appreciable 
savings in volume, weight and power consumption. I t  is 
called "high efficiency" because its efficiency is about 70% as 
compared to 45% for conventional supplies. T h e  line-to-DC 
converter/reg~ilator contains most of the unconventional 
circuitry so our discussion will deal primarily with this 
portion. 

First, let's briefly review the theory of operation. T h e  high- 
efficiency power supply is essentially a DC-to-DC converter. 
T h e  line voltage is rectified, filtered and used to power an 
inverter which runs at approximately 25 kHz. T h e  frequency 
at which the inverter runs is determined basically by the 
resonant frequency of a series-LC network placed in series 
with the primary of the ,power transformer. T h e  inverter 
drives the primary of the power transformer supplying the 
desired secondary voltages. These are then rectified, filtered 
and regulated for circuit use. 

Pre-regulation of the voltage applied to the power trans- 
former is accomplished by controlling the frequency at  which 

the inverter runs. X sample of the secondary voltage is recti- 
fied and used to control the frequency of a monostable multi- 
vibrator. This  multivibrator, in turn, controls the time that 
either half of the inverter can be triggered, thus controlling 
the inverter frequency. Circuit parameters are such that the 
multivibrator, and hence the inverter, always runs below the 
resonant frequency of the LC network. Remembering that 
the resonant LC network is i n  series with the primary of the 
power transformer, we can see that as the inverter frequency 
changes, the impedance of the LC network changes. T h e  re- 
sultant change in voltage dropped across the LC network 
keeps the voltage applied to the pri~nary constant. Pre-regu- 
lation to about 1% is achieved by this means. 

Now, let's turn our attention to troublesl~ooting the supply. 
Assume you have made the usual preliminary checks; you 
have power to the instrument, the line selector on the rear 
of the instrument is in the correct position for the applied 
line voltage and the line voltage is within specifibd limits. 
T h e  plug-ins have been removed to eliminate the possibility 
of their causing the power supply to malfunction. 

With the instrument power off, check the two fuses located 
in  the line selector cover on the rear of the instrument. If the 
line fuse, F800, is open the problem is probably in the line 
input circuitry. If the inverter fuse, F810, is open the inverter 
circuitry is probably faulty. In either case it will be necessary 
to remove the supply from the mainframe to make further 
checks. This is easily done by remo\,ing the four screws on the 
rear panel that secure the power unit, then sliding the unit 
out the rear of the instrument. 

Before removing the power-unit cover, check to see that the 
neon bulb on the left side of the power unit has stopped 
flashing. T h e  primary storage capacitors C813 and C814 
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Simplified block diagram of high-efficiency low-voltage power supply. 
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remain charged with high voltage DC for several minutes 
after the power line is disconnectetl. When this voltage 
exceeds about 80 x'olts the neon bull, flashes. While servicing 
the power unit, the discharge time of the storage capacitors 
can be speeded up by temporarily clisal~ling the inverter 
stop circuit. Pulling (2864 before turning off the scope power 
will allow the in \wwr  to keep running for ;I short time, thus 
draining most of the cllargc from the capacitors. A voltmeter 
reading between test points 810 antl 811 on the line input 
board will indicate the charge remaining on the storage 
capacitors. Allow at least one minute for the current-limiting 
thermistors to cool before turning on the power again if you 
use this fast-discharge technique. Do not attempt to discharge 
the capacitors by shorting directly across tliem as this will 
damage them. 

With the power-unit cover removed, orient the supply with 
the rectifier board on top, the line input board on the left 
and tlie inverter boartl on the right. This will make it con- 
venient to get to all the test points as we go along. 

First let's check the line input board. It's fairly easy to tell if 
this circuit is working. T h e  neon I ~ u l b  previously rnentionetl 
will start flashing when power is applied. On some units it 
;~ssumes a steady glow, on others it continues to flash. T h e  
voltage reading on test points 810 and 81 1 sl~otlld be approxi- 
mately 300 volts DC depending upon the line ~o l tage .  Be 
c. a c  . .f ul not to ground any point in this circuit except test- 

point ground or chassis. 

Typical troubles in this circuit causing the line fuse to open 
are shorted diodes on the bridge, C11810, or a shorted capaci- 
tor C810, C811, C813 or C814. 

Nest in line is the inverter circuit. T h e  problems most com- 
mon to this circuit are open fuse F810, shorted transistors 
(2825 or Q835, or shorted diodes CR825, C11835, CR828 or 
C11838. ;\n open inverter fuse usually indicates trouble in 
the inverter. 

Before working in this circuit, u n p l ~ ~ g  the power cord and 
give the storage capacitors time to discharge. Remove the 
line selector cover containing the line and inverter fuses. 
We're now ready to make some resistance checks on the in- 
verter board. 

With your ohmmeter set to the xl  ko scale, take a reading be- 
tween test points 826 antl 836. T h e  reading s h o ~ ~ l d  be several 
megohms in one direction and =: 1.5 kn with the test leads 
reversed. Check between test points 836 ant1 820. You should 
get a high antl low reading as before. This  checks the tran- 
sistors and important diodes in the inverter stage. If you 
get a low reading in both directions on either of these tests, 
remove the transistor from the side havi~lg the low reading 
in both directions. A set of readings between the appropriate 
test points will show whether it is the diode or the transistor 
that is defective. Diodes CR826 and Cl1836 are not checked 
by the above procedure but will not prevent the inverter 
from running even i f  shorted. Once you achieve a high 
resistance on both sides of the inverter, it will prolmbly 
operate when you apply the proper power to it. However, 
before applying power, a quick check should be made on 
rectifier boartl test point 860 to ground. T h e  resistance 
should be z 2 kn or 40 kn depending on the polarity of the 
meter leads. 

You can now prepare to apply power to the instrument. 
Install the line selector cover. Remove Q8GO to disable the 
pre-regulator circuit. Connect your test scope between test 
point 836 and ground on the inverter board. Vertical sen- 
sitivity should be .5O V/ctiv DC at the probe tip, the trace 
centered and the sweep speed set to 10 ps/div. Connect a volt- 
meter between the +75 V test point antl ground on the recti- 
fier board. Plug the scope into 2111 autotransforn~er and with 
the line voltage set at zero volts, turn the instrument on. 
Slowly advance the line voltage while watching the test scope. 
If the trace moves up  or down, the inverter still has problems. 
If the trace holds steady, the inverter should start as the line 
voltage approaches 80 volts. A square wave of approximately 
25 kHz and 200 volts will appear on the test scope. Do not 
advance the line voltage any further. T h e  +75 volt supply 
should not be allowed to exceed 75 \salts to prevent blowing 
the inverter fuse. 

You are now ready to check the pre-regulator circuitry. T u r n  
off the scope and return the line voltage to zero volts. Replace 
Q860 in its socket. Slowly advance the line voltage while 
monitoring the +75 volt supply. If the +75 volts holds 
steady, you c;cn advance the line voltage to a normal setting. 
If the voltage is not stable or if the signal being monitored 
on test point 836 on the inverter boartl is erratic in frequency, 
the pre-regulator is not working properly. T h e  quickest 
method of troubleshooting this circuit is to check the associ- 
ated transistors with a curve tracer or ohmmeter. T h e  wave- 
forms sllown 011 the facing page are typical for a properly 
operating supply. 

TI0  
Most of the components in the power supply are readily 
accessible from the top of tlie printed circuit boards. How- 
ever, w l ~ e n  it is necessary to remove a soldered-in component, 
we suggest you remove the circuit board from the assembly 
and unsolder the component from the back side of the board. 
T h e  line input  board and the rectifier board are readily 

Low-voltage supply removed for easy servicing. Line input 
board is on the left side, rectifier board on top, and just the 
edge of the inverter board is visible at the right. 



removed by loosening two o r  three screws. T h e  inverter W h e n  placing the  power uni t  back in to  the  mainframe take 
board is somewhat more difficult to  remove; the manual  care to properly dress the power un i t  cables between the  
gives the  proper  procedure. power un i t  a n d  the  logic board. Lowering the  swing-down 

Care should be exercised when replacing Q825 or Q835 gate on  the right side of the instrument will let you guide 

located o n  the ceramic heat sink o n  the  inverter board. T h e  the into place. 

mount ing studs are  soldered in to  the  pr in ted  circuit board I n  the next  issue of TEKSCOPE we will discuss the 7704 high 
and  may be  broken loose by applying excessive torque. voltage power supply. 

Typical waveform at TP836 for properly Waveform at TP860. Note frequency is 
operating supply. Mid-screen is 0 Volts. twice that at TP836. 

INSTRUMENTS FOR SALE 

561A, $500. 3T77, $500. 3S76, $850. Harold 
Dove, 837 Uvalda St., Aurora, Colo. 80010. 
(303) 343-2906. 

3-514D, 514AD, 524AD, 502, 541, 543A, 
180A. 2 ea. 1GOA. 161. 163. 162. Titn Ken- 
nedy, Technitrol, Inc., 3825 Whitiker Ave., 
l'hila., Pa. 19124. (215) 426-9105. 

575, S900. Hans Frank, Dynaco, Phila., Pa. 
(215) CE 2-8000. 

502A, 202-1. Ron Calvanio or Dr. Denton, 
Mass. Gen'l. Hospital, Dept. of Anesthesia, 
Fruit St., White zldg., Boston, Mass. 021 14. 
(617) 726-3851, 126-2034, 

2 ea. 513D, 517. Dr. Frederic Davidson, E.E. 
Dept., Johns Hopkins Univ., Baltimore, 
Md. 21218. (301) 366-3300, Ext. 249. 

515A. G. Katzen, 243 W. Main St., Cary, Ill. 
60013. (312) 639-4768. 

601, S925. Dr.  William Spickler, Cox Heart 
Institute, 3525 Southern Blvtl., Kettering, 
Ohio 45429. 

514D, S250 or trade for 3 in. model. Arthur 
I'falzer, Hoover Electric, Hangar 2, Port 
Colu~nbus Airport, Columbus, Ohio 43219. 
(614) 235-9634. 

561A, 3A6, 3B4. Package price, S12.50. Pierre 
Cathou, M I T  Branch, P.0.  Box 104, Cam- 
bridge, Mass. 02139. (617) 868-5782. 

53G, $100. 53/54B, $85. Dan McKenna. 
(517) 725-7211. 

2-453. Dave Ballstadt, Optical Digital Sys- 
tems, 1175 E. Highway 36, St. Paul, Minn. 
55109. (612) 484-8589. 

513D. Lou Chall, 2834 Serange Place, Costa 
Mesa, Calif. 92626. (714) 545-6536. 

549, 1A1,202-2, $2800 complete. J. C. Davis, 
Republic Nat'l Bank, Sunset Plaza, Pueblo, 
Colo. 81004. 

611. Dr. Les Wanninger, General Mills, 
Inc., 9000 Plymouth Ave., N., Golden Val- 
ley, Mirln. 55427. (612) 540-3444. 

56lA, 3A6, 3B3. Excellent condition. S1000. 
Might accept 321 or 321A as part payment. 
(213) 792-4962. 

323, $850. CSOAP, New, $450. Harold Moss. 
(213) 398-1205. 

536, 53/54K, 53/54T, S800. S54, S300. Geo. 
Schneider, Profexray Div., Litton Medical 
I'roducts, 1601 Beverly Blvd., Los Angeles, 
Calif. 90026. (213) 626-6861, 

.511AD, $300. Carl I'owell, 3906 Jackson 
Hwy. Sheffield, Ala. 35660. (205) 383-3330. 

13 - RM561A / ZAG0 / 2 B 6  never used. At- 
tractive discount. J .  Wieland, 16950 Encino 
Hills Dr., Encino, Calif. 91316. 

316, SGOO. I. R. Compton, Comptronics, 
3220 - 16th West, Seattle, tVash. 98119. 
(206) 284-4842. 

2B67, S175. 63 Plug-In, 6100. Roger Kloep- 
fer. (517) 487-6111, Ext. 392. 

514A. Geo. Butcher, Electronics Marine, 
P.O. Box 1194, Newport Beach, Calif. 
92663. (714) 673-1470. 

1L20. George Bates, Dynair Elect., 6360 
Federal Blvd., San Diego, Calif. 92114. 
(714) 582-921 1. 

611, S2000. Dr. A. Sanderson, Harvard 
Univ., Electronics Design Center, 40 Ox- 
ford St., Cambridge, Mass. 02138. (617) 
495-4472. 

1'6046 Probe, Amplifier, P.S., SGOO. Bob 
IVaters, Jr., ARCT, Inc., P .0 .  Box 11381, 
Greensboro, N.C. (919) 292-7450. 

503 w/Grid. \Vm. Gelb, Gelb Printing 8c 
Lithographing Co., 6609 Walton St., De- 
troit, Mich. 48210. (313) 361-4848. 

555 complete. Scope Cart. Fred Samuel, Ch. 
Engr., WXTV, Ch. 41, 641 Main St., Pater- 
son, N.J. 07503. (201) 345-0041. 

Waveform at TP859. Frequency in- 
creased sl ight ly due to l ine voltage 
change. 

547, 422, 453, 502, Plug-Ins, Cal. Fixtures. 
Manzano Laboratories, Inc., 146 Quincy 
Avc., N.E., Albuquerque, N.M. 87108. 
(505) 265-751 1. 

514AD, $260. J. Barsoomian, 31 Porter St., 
Watertown, Mass. 02172. (617) 924-6475. 

2-531A/CA, $895. 2-531/CA, $69.5. 53/54C, 
S150.2A63, $125. J. Boyd, Tally Corp., 8301 
180th South, Kent, Wash. 98031. (206) 
251-5500, Ext. 6787. 

545B, 1A1, 1A7. Scientific Industries, 150 
Hericks Rd., Mineola, N.Y. (516) 746- 
5200. 

547, 1.44, 1A2, 202-2, as package or individ- 
ually. Phil DiVita, Data Display Systems, 
Inc., 139 Terwood Rd., Willow Grove, 1%. 
19090. (215) 659-6900. 

105, 5100. Charles Yelverton, Jones County 
Jr. College, Ellisvillc, Miss. 39437. (601) 
764-3667. 

516, S1020. 564B/12111', $876. 3A6, 6440, 
3B3, S544. 545B, S1360. 1.41, 6520, 1A6, 
S23G. 201-1, $116. 201-2, S124. 202-2, S124. 
Larry Glassman, 5584 Benton Woods Dr., 
N.E., Atlanta, Ga. 30342. (404) 255-5432. 

531A, CA, 202 Mod. A, S500 package. Tom 
Eckols, Dow Jones Co., Dallas, Texas. 
(214) ME 1-7250. 

----.- - 

INSTRUMENTS WANTED 
- -  ---- 

453. W. Pfeifier, 1332 E. I'ortland, Spring- 
field, Mo. 65804. (417) 869-0249. 

519. John Barth, Barth Corp., 7777 Wall 
St., Cleveland, Ohio 44125. (216) 524-5136. 

503. A. Ruben, Medical Sales 8; Service, 270 
E. Hamilton St., Allentown, 1%. 18103. 
(215) 437-2526. 

R561A or B, with or without Plug-Ins. Dr. 
Paul Coleman, Univ. of Rochester Medical 
Cntr., Anatomy Dept., Rochester, N.Y. 
14620. (716) 275-2581, 
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COVER-Photo of the Beloit Injection Molding 
Machine in action with the process being 
monitored by the 3A1O transducer system. 

the 

and 
transducer 

measurements 

By Ken Arthur, Staff Engineer 

The fields of mechanical measurement and electrical 
waveform measurement have long been linked by a 
device called a transducer. In the context of mechani- 
cal measurements, a transducer is a device which con- 
verts some physical quantity, force: property or con- 
dition into an electrical signal. When this signal is 
measured, and the relationship between its parameters 
and those of the quantity being measured are known, 
the magnitude of the quantity can be calculated. Since 
many physical phenomena occur at frequencies beyond 
the range of galvanometers and chart recorders, the 
oscilloscope logically becomes the recognized readout 
device for high-frequency physical measurements. In 
mechanical measurements, the term "high-frequency" 
can be applied to any effect having a frequency compo- 
nent higher than one kilohertz. 

Tektronix oscilloscopes having high gain differential 
amplifiers have been used in transducer measurements 
for many years. However a significant step was taken 
when the Type Q and 3C66 Carrier Amplifier plug-ins 
were introduced. With these units the transducer 
power supply, signal conditioner, and oscilloscope read- 
out device were packaged in a single unit; an innova- 

Denny Magden of Plastics adjusts the 3A10 transducer 
system used in monitoring injection molding of cam switch 
blanks. 

tion made possible by Tektronix' revolutionary "plug-in" 
concept of oscilloscope design. Then came the Engine 
Analyzer System and the 410 Physiological Monitor. 
Although highly specialized in application, these instru- 
ments were designed with a "systems" approach; that is, 
the minimum basic components required in any trans- 
ducer measurement, (the transducer itself, a signal con- 
ditioner and a readout device) were combined in an 
integrated system. Thus the customer was relieved 
of the burden of designing his own measurement sys- 
tem from separately purchased components-an irksome 
task at  best, and one which many customers were ill- 
equipped to perform. 

Now, with the introduction of the Type 3.410 Trans- 
ducer Amplifier, Tektronix makes another substantial 
contribution to the mechanical measurement field. 
Along with its family of especially selected and tailored 
transducers, the 3A 10, mounted in a 560-Series Oscillo- 
scope, constitutes the first integrated, general-purpose 
transducer measurement system to appear on the me- 
chanical measurement scene. 

Design of the 3A10 was based on a survey of existing 
transducer instrumentation. This survey revealed a 



pronounced need for a transducer measurement system 
with the following primary characteristics: 

Ease of operation 

Functional flexibility 

Predictable system accuracy (when used with one of 
the system's transducers) 

Optimum sensitivity and bandwidth 

The degree to which these design objectives have been 
met is evidenced by the number of "firsts" incorporated 
in the 3A10 system. Among these are: 

Snap-in attenuator scales, peimitting the quantity 
to be read out directly in appropriate metric or 
U.S. system units. 

A variable, calibrated (1 to 11 V DC) transducer 
power supply for strain gages, strain-gage type 
transducers, ancl other \.oltage-excited types. 

:> Factory installecl, full scale calibration resislors 
in strain-gage type transducers, permitting trans- 
cluccr calibration at the pr~sh of a button and elimi- 
nating lead impedance errors. 

Ilifferential inputs with switchable 1 and 10 meg- 
ohm input impedances, permitting the use of both 
pie;.oelectric transducers and standard oscilloscope 
voltage probes. 

~ Separate amplifier yain control circuit for calibrat- 
ing active transducers without disturbing main am- 
plifier gain. 

No attenuation imposed on signals below 20 mV. 
thereby achieving a CMIiIi of 100,000: 1 for low 
amplitude signals. 

A strain-gage adapter with a variable, precision 
calibration resistor, allowing compensation for vari- 
ations in gage factor between different lots of gages. 

r 1 ektroniu clesignecl low-hum interconnecting cables 
to eliminate noise interference with low-amplitude 
transducer signals. 

Banclwiclth selection to eliminate or reduce unwant- 
ecl signals, and to permit differentiation and inte- 
gration of transducer signals. 

The versatility of the 3A10 system stems from the fact 
that each of the ten transducers provided as accessories 
has been carefully selected, tailored or manufactured 
by Tclitronix to take full advantage of the 3A10 Trans- 
ducer Amplifier's characteristics. With these trans- 
ducers, magnitudes of acceleration, force, displacement, 
pressure, temperature, strain, vibration velocity and 
vibration displacement can be measured under either 
static or dynamic conditions. Furthermore, the system 
lends itself for usc with practically any transducer the 
customer may possess or acquire. These transducers 

can be incorporated in the system by following simple 
instructions included in the operating manual and/or 
the TRANSDUCER MEASUREMENTS concepts 
book provided as standard accessories. 

The range of measurements to which the 3A10 system 
may be applied is virtually unlimited. Optimum utiliza- 
tion of the system's capabilities, of course, depends to 
some extent on the imagination and ingenuity of the 
user. At Tektronis, many of the manufacturing pro- 
cesses have been improved and are maintained on a 
day-to-day basis through the use of 3A10 systems. 

A good example is provided by a problem recently 
encountered in manufacturing the cam switches which 
contribute substantially to the superior performance of 
the new 7000-Series Oscilloscopes. One of the compo- 
nents of these switches is a plastic "'drum" having as 
many as 40 individual operating cams. This drum is 
machined from an injection-molded "blank". Because 
the molecular s t ruct~~re of this part is crystalline rather 
than amorphous, it must be annealed to assure per- 
manency of dimensions. The annealing process, how- 
e\w,  results in some shrinkage, which varies with the 
degree of "mold packing" or density of the molded part. 
Unfortunately these variations in density are not evi- 
dent until the annealing process is completed. As a 
result, we experienced an unacceptably high reject ratio 
of the finished blanks. 

Uniform dimensions of injection molded cam switch blank 
are achieved using the 3AlO Transducer Amplifier and a 
force transducer to control degree of mold packing. 



The problem was solved through the use of the 3A10 
Transducer Amplifier and a force transducer. Since 
the degree of mold packing varies directly with the 
pressure on the molten plastic during injection, the 
force transducer is applied to the ejector sleeve of the 
molding die. As the pressure of the molten plastic 
rises, it exerts a corresponding force against the sleeve 
which is in turn detected by the force transducer. 
Shortly after the peak pressure is attained, the cooling 
plastic begins to shrink, reducing the pressure on the 
walls of the sleeve. Once the plastic has solidified, the 
die is opened and the pressure drops to zero. The re- 
sulting waveform is shown in Fig. 1. Experiments soon 
established the desired parameters and allowable tol- 
erances for this waveform which would result in the 
most economical and productive use of the molding 
machine and, at the same time, yield parts of consistent 
quality. The reject ratio fell dramatically-virtually to 
zero. 

Fig. I .  
Waveform produced by force transducer during the injection 
molding process. Problems in the process are immediately 
detected by monitoring this waveform. 

Other advantages were gained as bonuses. First, the 
operator is now able to monitor each injection by ob- 
serving the oscilloscope waveform. Problems are im- 
mediately detected. Second, by connecting an X-Y 
chart recorder to the SIGNAL O U T  jack of the 3A10, 
a permanent record is made available to supervisory 
personnel. Fig. 2 shows the record of two extended 
periods of operation. (The "pulses" shown on the chart 
are actually time-compressed versions of the waveform 
shown in Fig. 1.) Process problems are clearly revealed 
and readily identified by an examination of these rec- 
ords, permitting corrective measures to be taken. 

Fig. 2. Permanent chart recordings are useful in analyzing 
repetitive problems and for production control. 

The 3A10 system has also proven its worth as a versatile 
training aid in the teaching of physics and even mathe- 
matics. For example, in the study of the laws of motion, 
it can be established through the application of mathe- 
matical procedures that velocity is the first derivative 
of displacement with respect to time, and acceleration 
the first derivative of velocity. These relationships can 
be demonstrated graphically by using the 3A10 system 
and the simple apparatus shown below. I t  consists of a 
small shake table driven by a 60-Hz squarewave voltage. 
The 3A10 system's vertical vibration transducer is 
mounted on the shake table and the accelerometer 
mounted on top of the vibration transducer. 

Apparatus used in demonstrating the mathematical principles 
relating to the laws of motion. 



Fig. 3. Fig. 5. 
Displacement waveform from displacement output of vertical Velocity waveform from velocity output of vertical vibration 
vibration transducer. Bandwidth is DC to 1 MHz. transducer. Bandwidth is DC to 1 MHz. 

The first step of the demonstration is to measure the 
vibration displacement of the table. The damping ef- 
fect of the mass of the table and transducers results in 
a displacement which has the form of a distorted sine- 
wave (Fig. 3 ) .  This measurement is taken with the 
amplifier's bandpass filter wide open (DC - 1 MHz). 

Next, the lower bandpass switch is set to 10 kHz, so 
that the displacement signal is differentiated on the 
lower slope of the bandpass curve. Although this pro- 
cedure attenuates the signal, the gain of the amplifier 
may be increased to give a clear impression of the wave- 
form (Fig. 4 ) .  According to theory, this differential 
displacement signal should represent the velocity of the 
shake table's vibration. T o  test the theory, it is only 
necessary to transfer the connecting cable to the VE- 
LOCITY output of the vibration transducer and restore 
the amplifier to full bandwidth. As shown in Fig. 5, this 
direct measurement yields a waveform practically iden- 
tical to that of the differentiated displacement wave- 
form. 

Fig. 6 & 7. 
Top: Differentiated velocity waveform. Mathematically dif- 
ferentiating velocity should yield acceleration. Bandwidth 
is 10 kHz to I MHz. 

Bottom: Acceleration waveform from accelerometer is simi- 
lar to differentiated velocity waveform above, validating math- 
ematical thesis. Bandwidth is DC to 1 MHz. 

When the vibration velocity signal is differentiated 
and compared with the directly measured accelerom- 
eter output the resultant waveforms once again are 
practically identical (Fig. 6 & 7 ) .  

These two widely-divergent applications are but a small 
sample of the many measurements possible with the 
3A10. We expect the system will find extensive appli- 

Fig. 4. cation not only in the mechanical-measurement field, 
Differentiated displacement waveform. Note similarity to the but also in medical research, environmental studies and 
velocity waveform in Fig. 5. Bandwidth is 10 kHz fo 1 MHz. other fields of endea\.or. 



Change for the better has always been a way of life 
at TEKTRONIX. New components, new techniques, 
new applications and sometimes problem areas, are all 
factors that continually bring change to our products. 
Often the changes are small and go unnoticed by the 
average user. Sometimes, however, the changes are 
substantial resulting, in essence, in a new product. 

Two standards in the portable oscilloscope field, the 
453 and 454, have recently undergone such a transfor- 
mation. We now call them the 453A and 454A. A 
glance at  the front panel reveals both instruments have 
big new CRTs. Screen size has been increased to 
8 x 10 div providing 33% more viewing area. Acceler- 

ating potential on the 453A is raised to 14 kV giving 
the same bright trace as the 454A. 

One thing you notice is, that in spite of the larger CRT, 
there seems to be more front panel space. New knob 
design and layout and the new color-coordinated front 
panels provide improved appearance and operating ease. 
The knobs are where you're accustomed to finding them, 
but there's more room to operate them. 

In addition to the larger CRT, improved appearance 
and operating ease. both instrunlents pack considerably 
more performance than their earlier counterparts. A 
new "mixed" sweep mode lets you \ iew the main sweep 
out to the point selected by the delay time multiplier, 
then the delayed sweep for the remainder of the display. 



+ 1 2 V  

- MIXED UNBLANKING 

I - 

MIXED SWEEP START 
BLANKING AMP 

A INT BY B 

- 1 2 V  

A SWEEP 

B TRIG +u+vJ-4 
SWEEP 
START 
AMP 

Simplified partial B sweep 

The delay time is calibrated, and display repetition rate 
is independent of delay time. The manner in which the 
mixed sweep is achieved is somewhat unique. A simpli- 
fied schematic of the B sweep generator is shown above. 
In the mixed-sweep mode, the sawtooth from A sweep 
generator is coupled to the start amplifier for the B 
sweep generator. Thus, the DC starting point of the B 
sweep is a direct function of the level of the A sweep. 
When the B sweep generator is enabled by a signal from 
the delay multivibrator, the B sweep starts at  the point 
on screen reached by thc A sweep. In this mode the 
output of the B sweep generator drives thc horizontal 
amplifier. The output of the B sweep generator takes 
the form of a composite sawtooth waveform with the 
first and last parts occurring at a rate determined by 
the A sweep generator and the middle occurring at a 
rate determined by the B sweep generator. The A sweep 
unblanking turns on the beam during mixed sweep. Ad- 
ditional unblanliing during the B sweep portion of the 
display is provided by the mixed sweep blanking multi- 
vibrator through the mixed sweep blanking amplifier. 
A signal generated by the end of B sweep drives the 
mixed sweep blanking amplifier to a level which blanks 
the remainder of A sweep. 

Delay accuracy of 1.5% now extends from 50 ms/div 

schematic for the 453A. 

to 0.1 I.~s/div, and the fastest sweep rate on the 454A 
is increased to 2 ns/cliv for better resolution of fast 
risetimes. 

Output of the B sweep generator with Horizontal Display 
switch in the MIXED mode. Position of the B sweep is de- 
termined by the Delay Time Multiplier setting. 



The vertical amplifier in the 454A is a completely new 
design. FET inputs give rock-solid operation down to 
2 mV/div and full 150-MHz bandwidth is available 
at 10 mV/div. A new delay line eliminates preshoot 
and a cleaner response is obtained. You will notice 
less effect of vertical position on amplifier response and 
negligible baseline shift as you switch through the atten- 
uator positions. Crosstalk between trigger, lwtical, hori- 
zontal and Z-axis signals is substantially reduced. 

Complementing the new vertical amplifier system is a 
new, compact 10X passive probe, the P6054. The offset 
design of the small compensation box keeps the front 
panel controls clear for easy operation. 

New one-piece casting provides improved shielding and 
rigid mounting for attenuator switches and vertical pre- 
amplifier board in the 454A. 

In the 454A Vertical Output Amplifier, many of the compo- 
nents are an integral part of the circuit board or are a part 
of the thick-film etched circuitry pictured above. 

Several mechanical iinproveinents increase the rugged- 
ness and serviceability of the 454A. The vertical attenu- 
ator switches are mounted on a one-piece casting to 
which the vertical amplifier printed board is attached, 
resulting in better shielding and stability in switch align- 
ment. Harmonica connectors speed disconnecting and 
removal of etched circuit boards, and access to other 
areas for servicing has been improved. 

A seemingly minor change will be appreciated by those 
of you who have to carry your instruments around. The 
feet on the rear form a new power cord wrap that holds 
the cord securely in place. No more danger of stum- 
bling over the power cord while running for your air- 
plane. 

Long recognized for its record of dependable mainte- 
nance-free operation, the 453 underwent somewhat 
fewer changes. Most noticeable is the big CRT with the 
bright trace. 

The 14-kV accelerating potential lets you view low rep 
rate pulses even in adverse ambient light conditions. 
It, too, has a new, color-coordinated front panel, new 
knobs ancl inlproved layout for easier operation. The 
bandwidth of the vertical ainplifier is increased to 60 
MHz at 20 rnV/cliv sensitivity, with 50 MHz at 10 
mV/cliv ancl 40 MHz at 5 mV/cliv. In  the horizontal 
section we have added the calibrated nlised sweep 
function and a more convenient X-Y mode. New, 
smaller probes and a new power cord wrap complete 
the major changes found in the 453A. 



Of major importance to many customers is the addition 
of four new models to the 453A line. Many applica- 
tions, especially in field service, require an oscilloscope 
which will be used exclusively to solve defined measure- 
ment problems. Once the measurement problems are 
defined, the oscilloscope performance characteristics 
needed to solve these problems are easily defined. These 
four new models are designed to meet these special 
requirements. 

Since these instruments are intended for use in those 
applications where versatility and convenience are of 
secondary importance, certain 453A features have been 
removed to offer the user performance at a cost com- 
patible with his needs. Features which have been re- 
moved include gate output sources, some power op- 
tions, warning lights indicating uncalibrated modes, 
X-Y operation, scale illumination and current calibrator 
loops. Major differences in the models occur in the 
horizontal section. For example, the 453A-1 has uncali- 
brated delay of the delayed sweep, while the 453A-2 
offers calibrated delay time. The 453A-3 has both cali- 
brated sweep delay and mixed sweep and the 453A-4 
has only a single time base. All of the instruments have 
vertical deflection systems identical to the 453A, except 
the warning lights indicating uncalibrated vertical 
modes have been deleted. 

No discussion of the new portables available from Tek- 
tronix would be complete without mentioning the 324. 

Offering 10 MHz, single-channel operation in a package 
weighing only 8 pounds including batteries, the 324 is 
ideal for "on-site" maintenance applications. Up to 3 
hours continuous operation is provided by an internal 
rechargeable power pack. The  unit also operates from 
an external DC supply of 6.5 to 16 volts or from the AC 
line. Power consumption is only 8.5 watts on DC oper- 
ation. An extra power pack is available to allow one 
power pack to charge while the other is powering the 
oscilloscope. 

The vertical deflection factor is 10 mV/div at  the full 
10-MHz bandwidth and 2 mV/div a t  8 MHz. Cali- 
brated sweep rates are 1 ,us/div to 0.2 s/div with a X5 
magnifier extending the top of the range to 0.2 I.is/div. 

All of the portables are designed to withstand severe 
environments and include front panel covers and com- 
plete accessories. 

Pictured above are two new probes developed for use ~\.i th miniature components. The  offset design of the slnall 
the 453A and 454A. The  P6061 is designed for use .ivith the compensation box keeps oscilloscope front panel controls 
453.4 and the P6054 for use with the 454A. The probes are clear for convenient operation. Both probes are available 
similar in appearance and feature small, light~veight de- in 3.5-foot, 6-foot and %foot lengths. 
sign ideal for ~vorking with today's compact circuitry and 



The curve tracer can be a valuable tool to circuit de- 
signers, device designers and device evaluation engineers 
working with integrated circuits. Most of the DC pa- 
rameters of digital IC's can be displayed as a "curve" 
such that the point specified by the manufacturer can 
be verified. Because the display is a curve, much more 
about the device's performance can be quickly deter- 
mined than with a single-point measurement. Inte- 
grated circuit input and output characteristics as well 
as voltage supply (V,,) current can be evaluated. 

Connecting the integrated circuit to the curve tracer 
terminals has been a problem. Now an integrated cir- 
cuit adapter available from Tektronix g~eatly simplifies 
the task. The adapter plugs into the Type 576 standard 
test fixture. Barnes Corporation Series RD-86 sockets 
and contactors plug into this adapter. Sockets are 
available for dual-in-line, 6 through 14-lead round-pin- 
pattern T O  packages, and flat pack. Connection to the 
Type 576 is performed by patch cords from the pin 
terminal to the 576 terminal on the adapter. The pins 
on the Barnes Corporation socket are so arranged that 
the integrated circuit pin numbers agree with the pin 
terminal numbering around the adapter. Some of the 
earlier Barnes Corporation Series RD-86 sockets and 
contactors were not pin compatible. Dual-in-line 14 
pin and flat pack are all compatible, as are other sockets 
and contactors having a yellow base. The units that 
are now purchased from either Tektronix or Barnes 
Corporation are all pin compatible. 

The 576 COLLECTOR SUPPLY may be used to 
drive the input, load the output, or drive the Vcc ter- 
minal. When driving the inputs or loading the outputs 
of an IC, the AC polarity position of the collector sup- 
ply allows viewing of both current sourcing and cur- 
rent sinking on the same display. When displaying 
supply current as a function of supply voltage, usually 
the + polarity is used instead of AC. 

The 576 STEP GENERATOR may be used as a signal 
source, a power supply, or a combination of both. As a 
signal source it will output a voltage (or current) stair- 
step or a squarewavc by turning the NUMBER O F  
STEPS control to 1. T o  use it as a power supply, the 
SINGLE STEP FAMILY button is pushed and the 
OFFSET MULT control is adjusted to obtain the de- 
sired voltage (or current). The CURRENT LIMIT 
control adjusts the limit from 20mA to 2 A when in 
the voltage mode. 

For many IC tests such as Ii.(O), I in ( l ) ,  I,,, I,,(O) and 
I, ,( l) ,  the 576 COLLECTOR SUPPLY, the STEP 
GENERATOR and the E terminal for ground are the 

evaluating digital IC performance 
using the 576 curve tracer i 

By Jack Millay ' 
- -  -- - -  -- - -- - - --pa - -- 

Jack has been with Tek since 1958. For most of his career 
he has been involved with evaluation of active devices. He 
was manager of component evaluation for five years and is 
currently project manager for curve tracers. 

only connections needed. For some tests, such as 
VOui(O), Vi , ( l )  , V,,+(l) and Vi,(O), another voltage 
supply is needed. I t  may be connected between the 
GROUND connection on the front of the test fixture 
and the T I E  POINT on the integrated circuits adapter. 
From the T I E  POINT it can be connected with the 
patch cords to any pin(s) desired. 

The Integrated Circuits Adapter plugs directly into the stan- 
dard test fixture for the 576. 



Following are some examples of measurements on a 
Texas Instruments SN7402N IC. The SN7402N is a 
typical example of a digital integrated circuit. Shown 
below is the schematic of this circuit. The measure- 
ment techniques used here can be applied to other 
families of circuits as well. 

OUTPUT 
Y 

GND 

One of four identical sections of the SN7402N IC. 

Input current of this circuit can be displayed over the 
full range of input voltages of interest. The STEP 
GENERATOR OFFSET of the 576 is used as the V,, 
supply. The  COLLECTOIi SUPPLY is used to drive 
the input that is being evaluated. Because we want to 
observe both current sourcing and sinking of the input, 
AC collector sweep is used. Fig. 1 shows the Iin(0) 
condition. The specified value of I in (0 )  may be mea- 
sured on this display. I t  measures about - l mA at  the 

specified measurement point of 0.4 volts, well within 
the specification of - 1.6 mA max. The input voltage 
"point" where the input voltage changes from a logical 
zero to a logical one can be determined by observing 
the sharp transition in input current. This occurs at 
about + 1.4 volts. I i ,( l)  may also be measured by 
increasing the vertical sensitivity until a reading can be 
obtained as shown in Fig. 2. I n  order to perform this 
measurement as the manufacturer specifies, it is also 
necessary to move the input not being tested, from 
ground to the V,, supply. However, this will usually 
not change the measurement. 

Loqical 0 to loqical 7 transition 

Fig. 7 .  
lJ0) condition. Step generator offset is used as V,, supply. 
AC collector sweep drives the input being evaluated so we 
can observe both current sourcing and sinking. 

0 Volts 

Fig. 2. 
l i ,( l) condition. Same set up as in Fig. 1 with vertical sen- 
sitivity increased fo permit reading of input current. 

The  ability of the output to source or sink current can 
also be evaluated. The STEP GENERATOR OFFSET 
is ~ m d  to bias the input for the V,,+(O) condition. The 
COLLECTOR SUPPLY is used to load the outnut. 
Because we want to observe both current sourcing and 

Close-up of Integrated Circuits Adapter showing pin number- sinking of the output, AC collector sweep is used. An 
ing details and adapter for 14-lead dual-in-line package. external voltage supply is used for V,,. 



0 Vol ts  

Fig. 3. Vou,(0) condition. Step generator 
offset is used to bias input for the 
Vo,+(0) condition. AC collector sweep is 
used to load the output being evaluated. 
External voltage supply is used for V,,. 

Fig. 4. Vou,(l) condit ion. Same set up as 
in Fig. 3 except the step generator off- 
set is set to bias the input for V0,,(1) 
condit ion and the deflection factors are 
set accordingly. 

Fig. 3 shows the Vo,+(0) condition. The manufacturer's 
specification can be lcrificd and actual performance 
measured. The device is specified able to sink 16 mA 
at no more than 0.4 V. From this display it is apparent 
that it will actually sink 35 mA at  0.4 V and will have 
a voltage drop of 0.25 V at the 16 mA specified. The 
normal fan out is specified at 10, but this particular 
gate could drive over 20 sates, at least as far as DC 
characteristics are concerned. 

I t  can also readily be determined from the display how 
much current is available to dri\e shunt capacitance, 
and by knowing the amount of the capacitance, calcu- 
late the time for this current to discharge this C to the 
logical 7ero state. 

Fig. 4 shows V,,+(l) of one of the SN7402N out- 
puts along the horizontal axis as a function of output 
current along the vertical axis. This device is specified 
able to source at least 400 a t  2.4 volts. From the 
curve it is apparent that it will actually source 4 mA 
at 2.4 volts ancl has a logical 1 voltage of 2.7 volts at 
400 /,.A. Because the masimum input current Ii, ( 1 ) 
is specified a t  40 ,!.A2 this output could drive almost 
100 other worst-case inputs for a fan out of almost 100 
instead of the 10 specified. However, this measurement 
was performed at  25OC, and when the device is oper- 
ated at lower ambient temperatures, the performance 
for this characteristic decreases. 

Short-circuit output current (I,,) may be meas~~red 
using the same test set up as for VoUi ( 1 ) by decreasing 
the vertical deflection factor. The  deflection factor is 
decreased until we can obser\.e the point at which the 
curve crosses the zero-voltage line. Fig. 5 shows this 
characteristic. The  manufacturer specifies the current 
to be at least -18 mA, and no more than -55 mA. 
This device measures -29 rnA, well within specifica- 
tions. 

The current required from the V,, supply as a function 
of supply voltage ancl input levels can also be displayed. 
The COLLECTOli SUPPLY is used to dri1.e the V,, 
terminal. The + polarity of the supply is used as we 
only have to supply current (not sink). The  STEP 

GENERATOR 
from 0 volts to 

Fig. 5. Short-circuit output current, I,,, 
measured using same test set up as for 
VO,,(l). Vertical deflection factor is de- 
creased to observe point at which the 
curve crosses the zero-voltage line. 

can be used to voltage drive the inputs 
$5 volts by setting the AMPLITUDE 

control to 1 volt/step a n d  using 5 steps. No offset is 
used. Fig. 6 shows this characteristic. 

Only 2 curves are displayed because the zero and one- 
volt steps are below the level where the transition from 
the logical zero to the logical one takes place. The other 
four steps are above the transition point. I,,(O) mea- 
sures 15.5 mA, and Ic ,( l )  measures 13.6 mA, well with- 
in the manufact~~rer's specifications. 

Fig. 6. 0 Vol ts  

I,,(O) and 1,,(1). The V,, terminal is driven by the collector 
supply, using + polarity. The step generator drives the in- 
puts from 0 volts to +5 volts using 1 vol t ls tep. The outputs 
are open. 

From the same display we can also determine the effect 
on V,, current when V,, or the input voltage is changed. 
Changing the input voltage has very little effect except 
in the logical zero to the logical one transition zone. 
However, a small change in V,, voltage produces a rela- 
tively large change in V,, current. 

These esainples are typical of the I C  measurements that 
can be inade using the 576. Many of these measure- 
ments can also be inade on the 575 but with somewhat 
greater difficulty. The  integrated circuits adapter will 
fit on the 575. However, you will need to use patch 
cords to connect the collector and base terminals on the 
right hand side of the adapter to the 575. AC collector 
sweep is not available on the 575 so that two displays 
will be needed to display both current sourcing and 
sinking. Also the base step supply is much more limited 
and cannot do some of the functions we required of 
the 576. This difficulty can usually be overcome by 
using an additional esternal power supply. 



SERVICING THE 7704 CRT CIRCUIT 
I- -__I ---- ---- " _*Y -- ----- - _C_ --" --*------ C _ l ~ ~ ~ - - - - - -  - -  - - - -  I I A 

By Charles Phillips, Product Service Technician 
Factory Service Center 

T h i s  is t h e  second in a series o f  articles on  servicing the 
7000-Series Oscilloscopes. T h e  March T E K S C O P E  dis- 
cussed servicing o f  the high-efficiency lo\\.-voltage polver 
supply i n  the  7704. 

T h e  C R T  circuit in today's advanced oscilloscopes per- 
forms the  same basic functions as i n  early day instruments. 
I t  produces the high-\.oltage potentials t o  accelerate the 
electron Ileain and provides control circuits t o  turn  the 
beam o n  and o f f  and t o  set the intensity level. 

W h i l e  the Insic functions have not changed, the  complexity 
o f  the functions has. As band\vidth and stveep rates have 
increased, so have accelerating potentials and the speed wi th  
which t he  beam must be turned on or unblanked. Multiple 
signals no\\. o f ten  control the beatn. Main  and delayed- 
sweep unlllanking, horizontal and vertical chopped blanking, 
C R T  readout, and external Z-axis modulation must all be 
accommodated.  Logic circuitry and a Z-asis amplif ier pro- 
vide a convenient means o f  processing these varied signals 
for control o f  the I~earn in the 7000 Series. 

W i t h  the  increase in complexity o f  the C R T  circuitry arises 
the need for a systematic approach to  servicing this portion 
o f  the circuitry. Several clues as t o  the  probable location 
o f  a problem are available t o  us f rom the front panel. For 
example,  there are three intensity controls o n  the 7704 
front panel, A Intensity, B Intensity and Readout.  T h e  A 
and B Intensity controls are acti\,ated when plug-ins are 

inserted into the respective horizontal compartments. T h e  
readout is activated \\.hen a plug-in is inserted in any o f  the 
four plug-in compartn~ents.  Intensity levels set by  the A 
and B Intensity controls pass through the Z-axis logic cir- 
cuitry t o  the Z-axis amplif ier,  \vhile the intensity level set 
11y the Readout control goes through the sequencing logic 
t o  the Z-axis amplif ier.  T h i s  gives us a quick check t o  de- 
termine whether the problem exists i n  the Z-axis logic or 
else~vhere i n  the C R T  circuitry. 

Let's assume you have a plug-in i n  the A Horizontal com- 
partment, the A Horizontal mode l ~ u t t o n  depressed and the  
A Intensity and the Readout controls set to mid-range. You 
are experiencing intensity problenis. I-Iere are some symp- 
toms and the prollable causes: 

j .  N o  trace and no  readout- 

a )  Trace  and readout off-screen-Pulling the beam 
finder control should Ilring the readout and trace 
on-screen. 

12) Readout locked up-Pull the readout board. I f  
this clears the prol~lem, U1210 on  the readout 
I~oard is a likely suspect. 

c )  Defective Z-axis amplifier-If you have a spare 
Z-axis board, t ry  replacing the entire board. If 
not, try replacing Q704, Q706 or Q718. 

/VVL 

11 1 j k  

READOUT SEQUENCING INPUT OUTPUT 
+ 

CONTROL 

INTENSITY LOGIC AMPLIFIER - AMPLIFIER -C) SUPPLY 

.f -2.96 kU 

H & V CHOP 
BLANKING 

AUX Z.AXIS LOGIC 

A B 
INTENSITY INTENSITY 

r 
HIGH VOLTAGE HIGH VOLTAGE 

,I 

OSCILLATOR SUPPLY \ 
+21 kV 

4 

I > 

TURN-ON 
I - 

HlGH VOLTAGE 
DELAY ) REGULATOR 

I 
EXT Z-AXIS 

Block diagram of the 7704 CRT circuit. Note separate logic paths for readout intensity and A and B intensity. 
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Blo\\-n fuse F921-Replace the fuse located on 
the lo\\--voltage regulator board. Corona dis- 
charge may cause the fuse to I~lo\v. Defective 
components in the high-voltage oscillator and 
rectifier assembly can also bloiv the fuse. 
Ilefective CRT-See discussion on troubleshoot- 
ing tlie -2960-volt supply. An open C R T  heater 
or  defective C R T  socket can also IIe a t  fault, 

A spot only, whose intens~t) is cont~olled by the Read- 
out intensit) co~lt~ol-llefectlve leadout. Pull the lead- 
out I~oard 01 leplacc U1210 on the leadout I ~ o a ~ d .  

Readout only- 

a )  Trace off-scree~i-Pulling the beam-finder control 
should I~r ing the trace on-screen. 

11) Defective p111g-in-Replace the plug-in. If plug-in 
is a time I~asc, check to see that the controls are 
set to generate a trace. 

c )  Defective Z-axis logic-Replace U170 Z-axis logic 
IC. 

Blight tlacc and leadout but no intensity cont~ol .  

a )  I )efe~t i \c  CRT.  

11) I k f e c t ~ \ e  %-a\is logic 01 Z - a x i ~  a m p l ~ f i e ~ .  
c )  I)cfccti\ e h~qh-\oltaqc c i lcui t~  y. 

X o ~ n i a l  t l a t c  I ~ u t  no leadout- 

a )  I )cfect~\e  leadout I~oald .  

11) Ikfccti \  c pluq-in unit 

So\\- Ict's t:~ke n closer look at some of the prol~lems noted. 
First, that of no trace and no readout. \\'e have determined 
that the trace is not off-screen and have pulled the readout 
hoard to eliminate it  ;IS a contrilmting factor. The  next 
step is to check the -2960-volt cathode supply. This is 
availal~lc at  a test point located in the high voltage asseml~ly 
on the top right side near the rear of the instrument. A 
note of caution. Turn  off the scope before applying or  
remo\inz the nietcr lcacl to or  from this test point. Corona 
discharge ma)- darnage some of the solid state components. 
If yo11 have no \,oltagc on this point, turn off the scope 
and disconnect the ca l~le  running from the C R T  anode to 
the left sidc of the high voltage asseml~ly. Lowering the 
s\\-ingdo\\-n chassis on the right sidc of the instrument gives 
yo11 ready access to the anode cable connector. Touch the 
C:RT anode lead to ground to remove the electrostatic 
charge on the C R T .  After you 1iax.e discharged the anode 
lead, turn the scope on. If the -2960-volt supply comes 
up, yo11 have a had C R T .  If the supply still fails to come 
up, turn off the scope and remove the C R T  I~ase socket. 
This ~vi l l  remove any loading on the supply due to shorted 
elenients in the C R T .  

I f  you still do  not have -2960 volts, check Q712, Q752, 
0,756 and Q758 on the Z-axis I~oard.  The  oscillator tran- 
sistors Q764 and Q766 can also be defective. If none of 
these units are at fault, yo11 \.\-ill need to get into the high- 
voltage asse~ril~ly to troul~leshoot further. 

The simplest method to accomplish this is to lower the 
s\\-ing-do\\-n chassis o n  the right side of the instrllment. 
Place a piece of carcIl~o;~rcl or a tahlet on the chassis as an  
insulator on \\.hich to lav the liinh-volrn~e assenil~lv. 

The  assembly is removed by removing the seven screws 
holding the upper half of the back panel and the two screws 
holding the front of the assembly. Work the assembly around 
so you can lay it on the insulating material on the swing- 
dorvn chassis. T h e  hro\\-n and red leads from the trace ro- 
tation coil on some early instruments are too short to per- 
mit laying the assemlIly down. Just remove the Z-axis 
hoard, unplug the leads and dress them out of the way. 
They need not be connected to troul~leshoot tlie supply. 
lieinstall the Z-axis board. Next, remove the plastic cover 
from the supply and locate the ~diite-green wire running 
from the encapsulated assembly to the high-voltage trans- 
former. Unsolder this lead and again check the -2960-volt 
supply. If it conies up,  you have trouble in the encapsulated 
asseml~ly and you \\-ill have to replace the entire assembly. 
If it is not at  fault, leave the ivhite-green \\-ire unsoldered. 
This al101t.s you to pick up the rest of the circuitry involved 
I\-ith the high-voltage transformer and the components 
around that area. 

Another condition that \\-ould prevent the high-voltage os- 
cillator from running is a shorted or leaky diode in the 
hiah-voltage secondary. \Ye can check C R i i l  and CR772 
by lifting their anode lead and taking a voltage reading. 
T h e  anode of C R i i l  sliol~ld read allout -30V and the 
anode of CR772 a l~ou t  -3 kV. We  cannot lift CR781 to 
check it as this M-ould remove the feedhack to the regulator 
circuit. T h e  hest procedure is to replace it or substitute 
CR772 temporarily to determine i f  CRi81 is defective. 

Other posi lde  causes of high voltage failure are the high- 
voltage transformer and filter capacitor in the secondary 
circuitry. 

Another ~ w o l ~ l e m  yo11 may experience is an  intermittent 
-2960-volt supply, flashes on tlie screen, or noisy Z-axis 
modulation. Principal source of this problem is the thick- 
film assernl~ly containing resistors R74.0 through Ri44.  O n  
later schematics these are numlxred R740A through E. T h e  
assemldy is located in the high-voltage plastic housing and 
can I I ~  reached hy lifting the circuitry from the housing. 

High voltage supply removed for servicing. Insulating board 
between supply and swing-down gate allows unit to be oper- 
ated while oDen for troubleshootina. 



T h e  elastic bands holding the thick-film card to the assem- 
bly are  usually the culprit. T h e  tails of the bands pro- 
truding through the circuit board sometimes come in con- 
tact with the high-voltage diodes causing a corona dis- 
charge. Clipping off these tails may cure the condition. 
Corona discharge also sometimes occurs I~et\veen the elastic 
bands and the thick-film resistors. If removing the bands 
clears the problem, you can leave then1 off. If the problem 
is still present, replace the thick-film card. The  leads to 
the thick film should be unsoldered a t  the circuit point 
rather than at  the thick film as the card is coated with an  
insulating material. 

When vou have a brirht  trace and  no control of the intensity, u 

the first thought is to suspect the C R T .  Shol ted elements 

--- - -- - - 

in the C R T  \\.ill cause this. However, problems in the Z- 
axis amplifier can also give the same symptoni. If 12724 
or Q73-1 is defective, you \<ill have no intensity control. A 
defective Q708 \\ill cause the trace to be bright when the 
scope is first turned on then dim after several seconds to 
normal intensity. 

Q732, the remaining transistor in the Z-axis amplifier, has 
no effect at  slo\v or medium sweep rates. I-Io\cever, if you 
have modulation on the trace at  faster slveep rates, suspect 
Q732. Incidentally, it's not readily apparent how to re- 
move the heat sink from this transistor. T h e  heat sink is 
in t\vo sections; just unscrerv the top from the bottom. 

This  covers most of the problems you may experience ~ \ i t h  
the high-voltage section of the 7704. High-voltage circuitry 
in other 7000-Series instruments \vith readout is similar and 
can be serviced using the same techniques. 

INSTRUMENTS FOR SALE 
. 
130LC Meter, $190. 115, $695. 514D, 
$350. S. King, 725 Little Silver Point 
Rd., Silvermere, Little Silver, N.J. (201) 
741-3891. 

3T2, 3S2, S3, 3 ft. cable ext., All $2250. 
R. Wagner, Wesleyan Univ., Physics 
Dept., Middletown, Conn. 06457. (203) 
347-941 1, Ext. 865. 

535A with CA Plug-In. d 11 Electronic 
Enterprises, 13526 Pyramid Dr., Dallas, 
Texas 75234. (214) 241-2888. 

535A with H Plug-In, $1000. 545A, 
$1250. G Plug-In, $125. Geo. Maxwell, 
Rescuair Corp., 9030 Owensmouth Ave., 
Canoga Park, Calif. 91304. (213) 882- 
6161. 

556. Ron Seldon, Digital Development 
Corp., 7514 Clairemont Mesa Blvd., San 
Diego, Calif. 921 11 (714) 278-1630. 

454, Mod 163D. New condition. Palmer 
Agnew, 314 Front St., Owego, N.Y. 
13827. (607) 687-2406. 

Three new Mod 130 LC Meters. Bob 
Rust, (213) 889-1010, Ext. 1081. 

545, CA, $550. J. R .  Shapiro, 5 Lynn 
Dr., Englewood Cliffs, N.J. 07632 (201) 
568-9287. 

454, RM15, 130, 134, P6022. Three 
months old. Mr.  Puzzuti, Aries Tech- 
nology, 3475 Victor St., Santa Clara, 
Calif. (408) 248-9685. 

Two 3A3's. B. Murray, Picker Elec- 
tronics, 601 S. Bowen St., Longmont, 
Col. (303) 776-6190. 

453, $1600. 555 w/2 D's, $1600. 585 
w/81 Adapter, D Plug-In, $1500. Ed 
Franchuk, 1203 Opal Ave., Anaheim, 
Calif. 92805. (714) 546-0431. 

Q Unit, $350. Never used. Vern Iver- 
son, Possis Machine Corp., 825 Rhode 
Island Ave., S., Minneapolis, Mn. 55426. 
(612) 545-1471. 

310. Norman Orr ,  Radio Specialists Co., 
2450 W. 2nd Ave., Denver, Col. 80223. 
(303) 744-3461. 

Two 422's. $1000 each. David Young, 
Interdata, Inc., 2 Crescent Pl., Ocean- 
port, N.J. 07757. (201) 229-4040, Ext. 
396. 

531A, 1A2, N, L, $950. Michael Muegge, 
100 Foerster St., San Francisco, Calif. 
94112. (415) 931-8000, Ext. 522 or 
(415) 585-1625. 

504, $400. 551, $1000. CA, $125. H,  
$125. Vince Murray, Audio Devices, 
100 Research Dr., Glenbrook, Conn. 
(203) 324-6761. 

56 1A/3A6/3B3 w/Probes, $1525. James 
Gamble, 2 19 17 Grant Avenue, Torrance, 
Calif. 90503. (213) 542-2680. 

453 Mod 127C, $1850. 191, $350. E. 
Paulaitis, 19 W. 380 Lake St., Addison, 
111. 60101. (312) 543-9260 or E. Lauer, 
(312) 259-6300. 

453. Mike Logue, Heidelex Corp., Stuart 
Rd., Alpha Ind'l Park, Chemsford, Mass. 
01824. (617) 256-3921. 

545, $700. D, $60. K,  $50. B, $45. L,  
$90. Time Mark Gen, 180-S2, $95. 
Frank Aamodt, Golden West Airlines, 
4200 Campus Dr., Newport Beach, Calif. 
(714) 546-6570. 

531, 53B, $400. Gene Mirro, P.O. Box 
274, Hightstown, N.J. 08520 (609) 799- 
1495 after 6:OO. 

Two K's, $80 each. 80 w/Prb. & Atten., 
$80. Mr. Jordan, 1125 Greengate Rd., 
Fredericksburg, Va. (202) 337-7600, 
Ext. 711. 

Will trade RM17 for 503. T. W. Moore, 
Mt. Holyoke College, South Hadley, 
Mass. 01075. (413) 536-4000. 

661 w/5T3, 4S1, 51A and two P6032's. 
Will trade for 454. John Riccitelli or N. 
Bicknell, The  Foxboro Co., Foxboro, 
Mass. (617) 543-8750. 

Six 2A60's, unused. 25% discount. Har- 
old Childers. (713) 771-5821. 

512. J. C. Leifer, 328 Cree Dr., Forest 
Heights, Md. (301) 839-1548 or (703) 
560-5000, Ext. 2773. 

Sale or trade 1A1, 53/54 K, 110 Pulse 
Generator. Lawrence Kahn, Gamma 
Electronic Research Co., 6042 Rockrose 
Dr., Nmvark, Calif. 94560. Call evenings 
& ~veekends. (415) 797-2595. 

317, $665. John Nicholas, Buckeye Ca- 
ldevision, Inc., 1122 N. Byrne Rd., 
Toledo, Ohio 43607. (419) 531-5121. 

575 Mod 122C, $1000. Jerry Setliff, 
Nuclearay, Inc., P.O. Box 9320, N.W. 
Station, Austin, Texas 78757. (512) 836- 
1120. 

503, C-27. Dr .  Farhang Soroosh, 1126 
E. 2nd St., Casper, Wyoming 82601. 
(307) 234-2613. 

54lA, CA, $1000. Frank Cosenza, Trid- 
air Industries, Fastener Div., 3000 W. 
Lomita Blvd., Torrance, Calif. 90505. 
(213) 530-2220. 

661/4S1/5T3 and Access. Mr.  Mawson, 
Scientific Measurement Systems, 351 
New Albany Road, Moorestown, N.J. 
08057. (609) 234-0200. 

Will trade N for M Plug-In, Four P6010 
Probes. Llovd Hanson. Tri-State Col- 
lege, Engineering-Business Adm., Angola, 
Ind. 46703. 

INSTRUMENTS WANTED 

561A, 564, 201-2. 565, 205-1. 1L20. 
Lawrence Kahn? Gamma Electronic Re- 
search Co., 6042 Rockrose Dr., Newark, 
Calif. 94560. Call evenings & weekends. 
(415) 797-2595. 

564B and Engine Analyzer Accessories, 
including 2B67, 3A74, all accessory com- 
ponents. As package or separately. Henry 
Kovar, 11823 Porter Dr., R.R. #4, 
Osseo, hln.  55369. 
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TEKTRONIX MAINTENANCE AND CALIBRATION LIBRARY 

If you do in-house maintenance of Tektronix equipment, 
the system pict~lred above will help you to more effec- 
tively repair and recalibrate your Tektronix instruments. 
I t  is a micro-library of up-to-date information on the 
entire Tektronix product line. The  information includes 
conlplete instr~lction manuals with latest revisions and 
change notices, and complete production modification 
history, including reasons for the modification and the 
effect i t  has. Effective serial numbers of each factory 
modification are noted. If a modification can be customer 
instalied and improves performance o r  reliability, full 
instructions and parts lists are given. 

The  information is presented on microfilm-more pre- 
cisely, map-indexed microfiche. This unique form of 
data presentation was developed a t  Tektronix for use 

in our own Service Centers where our Product Service 
Technicians are using the same information now avail- 
able to you. Map-indexed microfiche conlbines sheet 
~nicrofilrn (microfiche) with an eye-readable index (map) 
on the same sheet of film. This concept allows direct 
access to the information of interest \\-hen the microfilm 
is placed in the reader. 

The  microfilm reader required for the system is The 
National Cash Register Company's Model 456-833T. 
This desk-top unit features a nonglare 13%" high, 19%" 
wide screen for vierving double-page diagrams at larger 
than printed size. A two-position switch adjusts light 
intensity to any room. 

Your field engineer can give you further details on the 
system. 
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Jack Murdock 
On May 16, Jack Murdock, Chairman of the Board and co- 
founder (with Howard Vollum) of Tektronix, Inc., suffered a 
seaplane mishap on the Columbia River. H e  has been missing 
since and is presumed drowned. 

Many of you as Tektronix customers and friends have, through 
the years, expressed your appreciation for the quality of prod- 
ucts and services provided by Tektronix. Jack was a major 
influence in instilling the pride of workmanship and concern 
for the  customers' needs reflected in these products and services. 
T h a t  influence is best expressed in the  following letter to 
Tektronix employees from Howard Vollum, President. 

Newspaper storios sinco Jack Murclock's docrth havc niorc!ly 
sketched, ruther thun elaboruted on, his many  acliieverncnts. 
This is fitting; J ack  was  (1 niodcst und unussuming rnun with 
no tusto for the limelight. 

Yot he wus wurm und outgoing. To niuny of you, us to 
me, he wus LI good friond, (I person you ~ :o~r Id  bring your 
problorns to. Jclck doscrvctl his reputution us n grcut listenor 
- ulwuys gcnuincly willing to tune into "thc othor guy's" 
point of view. 

1 met him in the spring of 1037. He hud opened a store 
on 67th and  Fostor, a f t e r  high school gruduution. His fa ther  
had offered to send him to collcge, or give him a n  c!quul 
amount  of money to sturt  u store. He chose the latter, a n d  
begun Murdock Radio a n d  Appliance Company. 

While Jack was  u very compctcnt technician, it was  more 
important that he spend full time munuging the store. So 
I took on the radio service job, juck was  an  c:xcellent sales- 
man, largely because he was  such un exceptional listener. 
No high pressure a t  d l ,  just genuineness; but muny times 
I s a w  u person who had  come in only to complain s tay  to 
make another purchuse, once he h a d  his troubles ull talked 
out. 

Juck wus ulwuys oricnted towurd the customer's viewpoint, 
anti  towurd tlic itleul of service. Both these characteristics 
wero tmnsmitted to Tektronix, when it wus founded in 1946. 
He is responsible for  ou r  first-name salutations,  for our disre- 
gard of s ta tus  symbols und for many  other ways  we huve 
conic to I~c:huve towurtl one  another,  untl townrtl our cus- 
tomors. 

Ho led by setting un example. Despite his achievements, 
he  was  a hurnble man,  without protense. For m a n y  years 
our general rnunuger, Juck was  responsil~le for Tok's then-in- 
novutivo "personnel policies" (crlthough we didn't cull them 
anything so formul then), most of  which continue today. 

But his biggest contribution wus us thc key Tektronix 
organizer. He wus tho pcrson with cnougli busincss oxperi- 
enco and  contucts thut the rest of us felt the thing would 
"go". Without his leutlorship, I think nono of us - even though 
we knew by then we could build u superior product - would 
have  felt cornfortuhlc starting such a n  ontcrprise. 

Juclr wus dooply involvcti with tlic mental-hcmlth a n d  hu- 
mun-rolutions crsl~octs of industry, ulso with the s tudy of 
son~unt ics .  I-lc ulwuys fclf thut knowledge wus the key to 
solving uny problem, untl thut if you knew onough uhout 
it you could urrive ut thc crppropriuto solution. He 111~yc:d 
down his own acutlemic crchicvomc:nts - lurgcly bccuuse he  
had  chosen not to go to colloge - but in terms of broad 
otlucution, ho h a d  fu r  more thun muny college graduates  do. 

Although both ouger und ublc to he outgoing, he intcnscly 
disliked pc:rsonul publicity, purticularly in the news media.  
(It w a s  a lways  my feeling, however, tha t  he could huve 
charmed a n y  of the press corps off their feet.) 

Many  of  his beliefs will live on a s  par t  of  our  company.  
But Tektronix, like tht: rest of the business world a n d  the 
community a t  large, has  sufferctl a loss n o w  thnt his service 
to it has  ended. The world is a lways  the poorer when CI 

positive influence is lost. So it will miss Jack  Murdock, a 
good rnun und a close friend to so  ninny of us. 

Howard Vollum 
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Val Garuts and Thor Hallen discuss operation o f  the 7904 

subnanoseco 
realti 

oscillosco 

"The window to  electronics" - you have probably heard 
this phrase used to describe the  oscilloscope. Today, we 
can see more through this window than ever before. T h e  
new Tektronix 7904 now expands the real-time horizon 
from DC to 500 MHz. We have viewed signals of this 
bandwidth before bu t  with limitations. The signals needed 
to  be several volts in amplitude t o  drive the  C R T  directly, 
or repetitive in nature to  permit the  use of sampling tech- 
niques. With the  7904, fast signals only a few millivolts 
in amplitude and of single occurrence can be measured. 

With the introduction of the  7000-Series instruments in 
t he  fall of 1969, Tektronix brought unparalleled versatility 
and performance to  oscilloscope users. The  7904, latest in 
this series, brings exciting new performance with no 
sacrifice in versatility. For example, any of the twenty-two 
7000-Series plug-ins currently available can be used in the  
7904. 



Amplifier A Q l2 

Amplifier A' '' 

Fig. 7 Simplified schematic o f  the 
horizontal output amplifier. 

1 Output Output ' 
1 I -  

The f r  Doubler Circuit. 

The CRT 

Design work on the 7904 commenced with development 
of the cathode ray tube. The goal: a tube with sensitivity 
and spot size similar to the CRT in the 7704, but having 
3 to 4 times the bandwidth and increased writing speed. 

The 7704 CRT uses a segmented vertical deflection-plate 
structure with a top bandwidth of about 500 MHz. To 
achieve the additional bandwidth needed in the 7904, we 
selected a helical traveling-wave structure. Similar struc- 
tures have been used in CRT's for high-speed scopes for 
several years. Their major drawbacks have been limited 
scan, low sensitivity, and cost. 

The problems of sensitivity and limited scan are overcome 
by using a dome-shaped mesh electrode between the 
deflection-plate structure and the post-accelerator field. 
The mesh effectively shields the beam in the deflection 
area from the post-accelerator field and shapes the field 
to achieve a deflection magnification of 2 times in both 
the vertical and horizontal axis. 

The optimum shape for the mesh to achieve good geometry 
was determined using a computer to plot the fields devel- 
oped by the mesh, and the path of the electron beam 
through these fields. The equation producing the desired 
shape of mesh was then fed into a numerical control ma- 
chine which made the tool for producing the mesh. 

A unique method of fabricating the helical deflection 
structure yields a vertical scan of 8 cm and bandwidth 
in excess of 1 GHz. I t  is also relatively inexpensive to 
produce. 

The CRT uses a ceramic funnel, now standard for most 
Tektronix CRT's, which permits edge lighting the internal 
graticule. 

The 24 kV accelerating potential applied to the CRT yields 
excellent visual brightness and photographic writing 
speeds. Using a C-51-R Camera, P11 phosphor and 10,000 
ASA film, the writing speed is 10 cm/ns. Fogging tech- 
niques extend this to 20 cm/ns. 



THE VERTICAL SYSTEM 
Coupled to  the advances in CRT design is a vertical 
amplifier system containing many advances in state-of- 
the-art amplifier design. 

Acquisition and processing of 500-MHz signals requires 
techniques considerably different from those used to han- 
dle signals in the 100-MHz region. In the early planning 
stages of the  7000 Series, the designers anticipated tha t  
bandwidth limits would be continually pushed upwards, 
and designed the interface between the mainframe and 
plug-ins to accommodate these greater bandwidths. The  
characteristic impedance a t  the interface is 50 ohms, an 
ideal environment for piping around UHF signals. In the 
7904, the signal paths between circuit elements are all 
transmission lines terminated in their characteristic impe- 
dance. The  result is a very clean transient response with 
aberrations typically less than 5%. 

A new delay line design avoids preshoot and contributes 
much to the clean response. Optimized for maximunl delay 
in a minimum volume, and short risetime, the line consists 
of two parallel solid conductors in a polyethylene dielectric 
with a foil wrap and extruded polyethylene protective 
jacket. 

The input impedance of the 7A19 Amplifier Plug-in is 50 
ohms. A Tek-made high-frequency cam switch permits 
input coupling of AC, DC or ground. The signal then passes 
through a 50-ohm turret attenuator providing deflection 
factors of 10 mV/div to 1 V/div. Attenuator switching is 
done ahead of the preamp except for the 10 mV/div posi- 
tion. The basic sensitivity of the plug-in amplifier is 20 
mV/div. Since the 50-ohm line carrying the signal from 
the plug-in to the mainframe is double terminated, switch- 
ing out the source termination increases the gain by a 
factor of 2 for a sensitivity of 10 mV/div. 

An optional variable delay control permits matching the 
transit time of two preamps and probes to within 50 pico- 
seconds. The  delay is varied by mechanically moving a 
trombone section of transmission line. Range of delay is 
f 500 picoseconds. 

From the variable delay the signal passes to the first 
amplifier stage. This is a unique wideband circuit which 
we call a n  f~ doubler. The simplified schematic opposite 
shows the basic circuit. The circuit was originally con- 
ceived several years ago by Carl Battjes. Considerable work 
by Thor Hallen coupled with the development of sophisti- 
cated IC fabrication techniques put the concept to practi- 
cal use. 

The f~ Doubler Circuit 

f~ is the frequency a t  which the common-emitter current 
gain is one. If normal cascading of stages is used, no more 
than unity current gain can be achieved. The f~ doubler 
overcomes this limitation by effectively arranging for the 
base-emitter inputs of four transistors to be in series. The 
push-pull configuration allows the collectors to be effecti- 
vely paralleled. At f r  the current gain of this arrangement 
is approximately two. 

The 7904 DC to 500 MHz Oscilloscope System. 

The  f~ doubler can be thought of as an amplifier building 
block with twice the f~ of a single device. Using several 
of these building blocks, an amplifier with significant 
current gain a t  FY can be built. 

Once the basic design for the vertical amplifier had been 
chosen, the next step was to develop state-of-the-art 
high-frequency IC fabrication techniques to produce the 
transistors and couple them together. The  emitter degen- 
eration resistors were to be ~rocessed on the same chip 
with the transistors. This called for depositing precise 
amounts of nichrome on the substrate, a state-of-the-art 
process in itself. Since many critical processes were in- 
volved in producing a single f r  doubler stage, we decided 
to use a separate IC for each stage rather than integrate 
the entire vertical amplifier on one chip. The mainframe 
vertical amplifier uses three f~ doubler stages with coupling 
between stages via 50-ohm transmission lines. 

The Output Amplifier 

The output amplifier is a hybrid IC with a substrate carrier 
for mounting five silicon chips. Included on the IC is an 
Fr doubler, two small chip capacitors and two discrete 
output transistors. 

Considerable design effort was expended in eliminating 
circuit elements that  did not contribute to improving the 
signal gain. For example, there are no DC level shifting 
stages in the amplifier. The  inductance of bond wires in 
the IC's, usually a problem in high-frequency design, is 
used as peaking inductance. There are no high-frequency 
adjustments in the vertical amplifier in the  conventional 
sense. Transistor leads forming half-turn inductors are 
adjusted for optimum transient response. 



THE T IME BASE PLUG-IN 

The 7B92 Dual Time Base Plug-in used in the 7904 system 
features a fast 500 picosecond/cm sweep which comple- 
ments the ultra-high bandwidth of the  7904 mainframe. 

Delaying sweep measurements are made more convenient 
by a single front panel control which selects sweep rates 
for both normal and delayed sweeps, and selects either 
for display. 

A new system of triggering the delayed sweep permits 
setting the time delay control to zero to view the triggering 
event on the  delayed sweep. 

An ALTERNATE sweep mode, available for, the first time 
in a single plug-in, provides essentially dual beam opera- 
tion for many applications. 

Viewing of signals to 600 MHz and beyond is possible using 
the HI? Sync triggering mode. When using an external 
trigger, either 50-ohm or 1-megohm input impedance can 
be selected to minimize loading of the  trigger source. 

THE HORIZONTAL AMPLIFIER 

The top sweep rate of 500 picoseconds/cm places some 
pretty stringent demands on the horizontal amplifier. The 
CRT horizontal deflection plate sensitivity is 7 volts/cm 
which means the output amplifier must swing 70 volts in 
five nanoseconds. Fig. 1 is a simplified schematic of the 
circuit developed by Val Garuts to provide the fast, large- 
signal amplification needed in the output amplifier. 

The horizontal output amplifier actually incorporates two 
amplifiers: A and A'. Amplifier A provides drive to the 
negative-going deflection plate and so is designed to  have 
good performance in the negative direction of output. 
Amplifier A' drives the positive-going deflection plate and 
has good performance for positive-going output signals. 

Each amplifier provides two signal paths to its horizontal 
deflection plate, a high-frequency path using series feed- 
back and a low-frequency path using shunt feedback. The 
bandwidth of the high-frequency path is 1 MHz to about 
200 MHz and that  of the low-frequency path is DC to 
about 30 MHz. 

The high-frequency path for Amplifier A is through Q3 
and Q2 to CL, the load capacitance, consisting of the deflec- 
tion plate, output amplifier and distributed capacitance. 
The gain of the fast (series-feedback) path is the ratio of 
the feedback capacitance to the load capacitance (CI/CI,). 
CI is made variable and set for a gain of ten for the high- 
frequency path. 

The  low-frequency path is through Q1 and Q2 to CL. The 
values of the input resistance and feedback resistance are 
chosen to give the low-frequency amplifier a gain of ten 
also. 

Amplifier A' driving the positive-going deflection plate is 
arranged slightly differently, but the dual-path plinciple 
is maintained. The fast path is through Q3' and Q2' as 

before but a coupling capacitor Ci is inserted between them 
for DC blocking. 

The low-frequency path is through Q1' and Q4' (rather 
than Q2') because of the DC level a t  the emitter of Q2'. 
A gain of ten for both low- and high-frequency paths is 
selected as in Amplifier A. 

An additional fast path is provided in each amplifier by 
C4, R4 and C4', R4' to speed up the positive transition 
of CL and the negative transition of CL'. 

The  Z-Axis Amplifier 

The Z-axis amplifier in the 7904 uses a dual-path amplifier 
similar to the positive-going horizontal amplifier. The main 
difference is tha t  the high-frequency path consists of PNP 
devices and the low-frequency path uses only NPN devices. 
This provides large output current for a negative-going 
output, and while the risetime in the negative direction 
is not as fast as in the positive direction, i t  is considerably 
faster than in the configuration used in the horizontal 
amplifier. 

THE POWER SUPPLY 

Both the low-voltage and high-voltage supplies in the 7904 
are contained in a compact unit weighing just 7% pounds. 
The high-efficiency supply provides 150 watts of regulated 
DC a t  an efficiency of about 80%. 

A considerable savings in cost, weight and space is realized 
by winding both low-voltage and high-voltage transformers 
on a common core. The  inverter, operating a t  about 23 
kHz, drives both supplies. 

Pre-regulation to better than 0.5% is achieved by control- 
ling the inverter conduction time. The control circuitry 
is designed to switch the inverter transistors off a t  the 
zero-voltage point on the sinewave. This eliminates the 
large amount of EM1 normally generated by high- 
efficiency supplies, and reduces the likelihood of damaging 
the inverter transistors. 

Secondary regulation of the high-voltage supply is 
achieved using an amplifier to control only the-3 kV 
section of the supply. 
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PULSED-COLLECTOR HIGH-CURRENT 
TEKNImUE: 

I 

The 176 Pulsed High-Current Fixture brings a new dimen- 
sion of operating convenience to semi-conductor high 
current and high power testing. Used with the 576 Curve 
Tracer, it  provides currents up to 200 amps peak and power 
levels up to 1000 watts. 

With the pulsed collector supply, new tests are possible 
in the area of breakdown voltage where the device normal- 
ly would latch up. Other tests are possible a t  current levels 
available in the 576, but which could not be made on low 
power devices because of the duty cycle. Probably the two 
most neglected tests now made possible are rectifier for- 
ward drop a t  normal peak operating current, and transistor 
secondary breakdown. 

The pulsed nature of the 176 collector output with its low 
(1.8%) duty cycle makes heat sinks unnecessary in most 
cases - even a t  the highest power levels. The  same Kelvin 
contact device adapters used for low power tests may be 
used even a t  the highest current levels, and device adapters 
to  cover the  more common high power device packages 
are now available. 

Soon to be announced is a TO-5 device adapter with Kelvin 
contacts. This will make possible accurate high current 
measurements on devices in TO-5 and other small signal 
packages. The  internal wiring of the adapter can be readily 
rearranged for different lead configurations. 

Now, let's look a t  some of the measurements t ha t  can be 
made with the 176. 

Power Transistor High Current Beta 
and Saturation Tests 

The 176 may be used to perform high current beta, satura- 
tion and breakdown tests on power transistors. Saturation 
and beta tests may be performed a t  collector currents up 
to 200 amps and, as previously noted, usually without 
using heat sinks. Because of the Kelvin connection method 
of measurement, devices may be connected using relatively 
small wires without measurement error. However, the vol- 
tage drop tha t  occurs in the collector and emitter leads 
will limit the peak currents obtainable. The maximum 
peak power watts position tha t  should be used will depend 
on the device being tested. In general, the 10 and 100 
positions are safe for forward biased transistor character- 
istics without heat sinks, if the peak collector voltage is 
limited to a value below device breakdown. The  1000 posi- 
tion should be used with some caution as average power 
dissipation can be about 20 watts (1.8% duty cycle). 

TESTING WITH THE 7 76 
by Jim Knapton, Senior Engineer I 

-- -- - - -- 

The 1 7 6  Pulsed High-Current Fixture slides into the 5 7 6  in 
place of  the Standard Test Fixture. I t  provides a pulsed col- 
lector supply o f  200 amps peak and pulsed step generator 
output o f  20 amps peak. 

Because Kelvin connections are not used on the base 
connection, some measurement error could be present 
when making V m  ( S A T )  measurements. 

Figure 1 shows DC beta (hr:ls) of a Westinghouse 1743-0620, 
TO-3 power transistor. The point of interest is a collector 
current of 90 amps a t  a collector voltage of 10 volts. This 
particular device required eight steps of 500 mA each to  
get 90 amps of collector current. Since h w  =Ic/In we have 
90+ (8 x 0.5) for an hFE of 22.5. If the base steps selected 
do not give us a curve tha t  crosses the desired reference 
point, we can use the step generator offset to achieve the 
desired collector current. This offset must be added to or 
subtracted from the base current drive when calculating 
beta. 

Keep in mind tha t  when the X10 step button on the 176 
is illuminated, the steps and offset are both pulsed. When 
it is extinguished, only the steps are pulsed. A note of 
caution - it  is possible to put excessive average power into 
a transistor base when making high current collector mea- 
surements using offset base drive. 



Small signal beta (he) can easily be measured by noting 
the distance between two characteristic curves for different 
base drive levels. The P per division readout does the 
calculating for you. All that  is necessary is to multiply 
the vertical separation of two adjacent curves by the ,f3 
per div readout. For example, the hfe of this device is about 
9 a t  90 amps. The display offset can be used with the 
vertical magnifier to improve resolution for this type of 
measurement. 

VCE (SAT) can be readily read from the same photograph. 
For example, VCE (SAT) a t  50 amps is 3.0 volts and for 90 
amps i t  is 6.9 volts. 

Transistor Breakdown Tests 

The pulsed collector feature of the 176 makes it possible 
to make many breakdown tests that  would otherwise de- 
stroy the device. This applies to secondary breakdown or 
any other situation where the device will "latch up" so 
that a pulsed base test cannot be used. For this reason, 
the 176, is quite useful for measuring breakdown voltages 
of small signal transistors as well as high power devices. 

There is a less convenient way to test B V C E ~  where latch 
up may occur, using only the 576. I t  involves using one 
step of offset to saturate the transistor a t  all times except 
during the 300 or 80 microsecond base pulse interval. Dur- 
ing this interval, the offset is canceled by a one step base 
pulse, effectively opening the base momentarily while the 
measurement is made. This method can be used only a t  
relatively low currents. 

When measuring reverse breakdown characteristics with 
the 176, the maximum peak power watts 10 wosition should 

Fig. 1 Family of Ic vs Vc curves with collector supply pulsed 
on for 3 0 0  ps at power line frequency. Photos o f  waveforms 
are time exposures with the collector supply control manually 
advanced. 

-. 

usually be used. Caution must be exercised whenever look- Fig. 2 Open base breakdown (BVc~o(sus)) of a 2N3771 mea- 
sured at 2 0 0  mA. Bright spot at 2 0 0  mA is caused by mo- 

ing a t  reverse characteristics as small amounts of power mentarypause in advance of co~~ec tor  at 

in the breakdown mode destroy some very high power of interest. 
devices. 

There is no provision on the 176 to open the base connec- 
tion. However, BVCEO can be measured by setting the  base 
step generator to a very low current position so that  for 

all practical purposes the base can be considered as open. 

BVCES is measured by connecting a patch cord between 
the BASE and GND connectors on the front of the 176. 
Care must be taken to avoid dangerous shock when con- 
necting the jumper if the collector supply is energized on 
the 75 V or 350 V range. The device under test might be 
shorted collector to base and open base to emitter. An 
insulated jumper should be used and i t  should be connect- 
ed to GND terminal first. Quite often the breakdown 
characteristic will be such that  oscillations will occur be- 
cause of the  negative resistance region of this character- Fig. 3 Collector breakdown with the base shorted t~ emitter 

istic. BVlc~s) for the same 2N3771 pictured in Fig. 2 .  



Fig. 4 Curve showing forward drop of I N 3  194 rectifier. Note 
dot slashing above 3 5  amps caused by junction heating. 

Fig. 5 Curve showing forward drop of I N4 72 7 3-amp rectifier 
at 200 amps illustrates high current capability of the 176. 

Fig. 6 Voltage vs current curve of a IN3605 small signal 
diode graphically illustrates dot slashing caused by junction 
heating wi th excessive drive. 

Figure 2 shows a 2N3771 silicon NPN power transistor 
tested for open base breakdown (BVc~ocsus)) a t  200 mA. 

The base terminal is opened by adjusting the step genera- 
tor amplitude to .05 pA, as previously discussed. The 
variable collector supply is adjusted to obtain the desired 
current. Some enlarging of the spot will occur, especially 
before breakdown occurs. This is caused by the collector 
waveform turning on the base through the capacitance 
between collector and base. I t  can be ignored by measuring 
only the lowest current point on the enlarged waveform. 

Figure 3 shows the same 2N3771 transistor as in Figure 
2 tested for collector breakdown a t  200 mA with the base 
shorted to the emitter (BVCES). 

To perform the test, the BASE and GND terminals a t  
the front of the instrument are shorted with a patch cord. 
Then the variable collector supply is increased until the  
200 mA level can be observed. 

Rectifiers 

With the 176 it is possible to test rectifier forward drops 
a t  currents up to 200 amps. Because the tests are done 
with pulses a t  a low duty cycle, far higher currents can 
be used than would otherwise be possible. For example, 
the Type IN3194 rectifier is rated a t  750 mA IF average, 
7.5 amps repetitive peak current and 40 amps non-re- 
current peak current. Forward drop can easily be measured 
a t  750 mA using the full wave rectified pulsating DC col- 
lector sweep of the  576. However, this does not represent 
actual operating conditions in a capacitor input filter. 
The forward drop a t  7.5 amps is more meaningful as this 
rating allows for the actual operating current which might 
be encountered in a capacitor input filter. However, for- 
ward drop a t  this current level cannot be safely tested 
except a t  a low duty cycle such as provided by the 176. 

The photo in Figure 4 shows the forward drop of a lN3194 
rectifier. The test shows the forward drops a t  these 
specified ratings to be 800 mV, 1.2 volts and 2.4 volts 
respectively; well within the specification. The tests a t  
750 mA and 7.5 amps were conducted casually with no 
heat sink and with plenty of time to take readings or 
photographs. Above the 40 amp level the device was heat- 
ing rapidly but there was adequate time to take the photo 
without damaging the device. 

Care should be taken to select the proper maximum peak 
power watts setting on the 176. In general, most rectifiers 
of the 500 mA to 1 amp variety cannot be destroyed on 
the 100 position if not tested for long periods of time. 

Reverse breakdown of rectifiers can be investigated a t  
higher current levels than possible before if the device has 
a breakdown of 350 volts or less. I t  is recommended that  
the maximum peak power watts 10 position be selected. 



Fig. 7 Forward drop of  zener diodes at high current levels 
can be readily checked w i th  the 1 76. Curve shows character- 
istic of IN302 7B zener at 5 amps. 

Small Signal Diodes 

Just  as with power rectifiers, i t  is possible with the 176 
to test small signal diodes a t  high current levels not possi- 
ble with the 576. However, care must be taken not to  
destroy the device. If the maximum peak power watts 
position of 10 is selected, the maximum obtainable average 
power will be about 200 mW in the 300 11s pulsed steps 
mode. The maximum peak power may be as high as 10 
watts which will cause some junction heating during the 
pulse, depending on the thermal time constants. 

When observing forward voltage current characteristics 
this will show up as a slash in the dot that  is along the 
load line rather than along the characteristic curve. I t  
increases in amplitude as the variable collector supply is 
advanced. When slash like this starts to occur, further 
advancement of the variable collector supply control may 
destroy the device. 

JAMES H. KNAPTON-Jim started his career with Tek- 
tronix in November, 196 7 with design of the horizontal 
amplifier and calibrator in the 647, Tek's first solid state 
lab scope. After a period of working with pulse genera- 
tors and time mark generators, he tackled the chore of 
developing a replacement for the 5 7 5  Curve Tracer. Jim 
contributed many of the fine features found in the 576,  
and recently added the 176 Pulsed High-Current Fixture. 

Jim received his BSEE in June of '48 from the University 
of California at Berkeley. He spends his leisure time 
sailing with his wife and two children, skin diving and 
dabbling in photography. 

Breakdown characteristics of the diode may also be dis- 
played. However, i t  is very easy to destroy the unit as 
no warning is displayed prior to failure. 

Figure 6 shows the voltage vs current characteristic of a 
IN3605 small signal diode. This diode has an average 
current rating of 150 mA. Note the dot slashing caused 
by junction heating that  is occurring above about 3.5 amps. 
The  80 ps pulse width may prove useful a t  these higher 
current levels. If some devices of a given type exhibit more 
change during the pulse than others, i t  may indicate poor 
die attachment. 

Zener Diodes 

With the 176 i t  is possible to measure zener breakdown 
voltages a t  high current levels. The maximum peak power 
watts 10 position should be used on 400 mW and lower 
zeners to avoid overheating. On higher power devices, the 
higher power levels may be used. Stud mounted devices 
can be tested on the 100 or 1000 positions if care is taken 
to  avoid overheating. 

Figure 7 shows the voltage drop a t  5 amps of a 1N3027B, 
20 V, 4 watt zener diode. This particular device has a V:! 
of 20.9 V a t  5 amp. If a reading of greater accuracy is 
needed, first obtain the desired current without using the 
display offset, being careful not to over dissipate the device. 
Then use the display offset to magnify and reposition the 
display for a more accurate measurement. 

Silicon Controlled Rectifiers 

The 176 may be used to test the forward drop of SCR's 
a t  currents up to 200 amps. Testing methods would be 
the same as for ordinary power diode rectifiers except that  
the step generator must be used to turn the gate on. Gate 
firing levels may be determined readily using the offset 
feature of the step generator. 



SERVICING THE 7000-SERIES LOGIC AND READOUT 
by Charles Phillips, 

Factory Service Technician 

This is the concluding article on servicing the 7000-Series Vertical and Horizontal Mode Switches and the plug-in 
oscilloscopes. Other articles in this series appeared in the units. In addition, the Z-axis logic receives inputs from 
March and May issues of TEKSCOPE. the sequencing logic in the readout, the intensity contl.ols 

and the extel-nal Z-axis i n p u t .  
The one word that  best describes the 7000-Series oscillo- 
scopes is versatility. The key to this versatility is the logic The logic circuit outputs go to the Vertical Channel 
circuitry which develops control signals for circuits in the Switch, the Horizontal Channel Switch, the Trigger Selec- 
plug-ins and the mainframe. The CRT readout also plays tion Switch, the plug-ins and the Z-axis amplifier. 
a key role in extending this versatility to encompass mea- 
surement areas formerly outside the scope domain. Digital Mainframe Interface Switches 

multimeter and counter applications are now conveniently We should briefly discuss the function of the vertical, 

handled by Tektronix oscilloscopes using the CRT readout. horizontal and trigger selector switches. Each is a separate 
etched circuit board mounted on the main interface board. 

This article discusses servicing the logic and readout cir- 
cuitry. Since the instrument instruction manuals include 
detailed operation of these circuits, we will limit this dis- 
cussion to a brief summary of their operation and then 
discuss troubleshooting techniques and typical problems. 

The Logic Circuit 

The logic circuit is comprised of seven integrated circuits, 
seven transistors and a handful of components all located 
on one circuit board. The  logic board is mounted on the 
rear of the main interface circuit board. 

The basic functions of the logic circuits are to: 

1. Provide command signals to the Vertical Channel 
Switch, Horizontal Channel Switch and Trigger Selec- 
tion Circuit. 

2. Provide CHOP and ALTERNATE drive signals to dual 
trace amplifiers. 

:I. Provide sweep inhibit signals for either the A or B 
Time-Base Plug-ins. 

4. Provide logic for steering of Z-axis signals from: 

a. Time-base plug-in blanking circuits. 

b. A and B intensity controls. 

c. External Z-axis inputs. 

d. Vertical and horizontal chopped blanking circuits. 

e. Z-axis commands from the  readout circuit. 

All of the logic inputs and outputs are binary signals 
except for the Z-axis logic. The external Z-axis input, the 
intensity control inputs and the Z-axis logic output are 
analog signals. Inputs to  the logic circuits come from the 

The Vertical Channel Switch determines which input sig- 
nal drives the delay-line driver. The  Horizontal Channel 
Switch determines which input signal drives the horizontal 
amplifier, and the Trigger Selector Switch determines 
which trigger signal is connected to  the A and B Time-Base 
units. I t  also provides the drive signal for the Vertical 
Signal Amplifier whose output is the Vertical Signal Out. 

A block diagram of the switches with their respective 
inputs and outputs is shown in Fig. 1. 

Pictured on pages 13 and 14 are the switching sequences 
of the horizontal and vertical channels for several modes 
of operation. 

The  Vertical Mode Switch selects one of two different 
binary signals to be the Vertical Mode Command. In 
CHOP operation the Vertical Chop signal (1 MHz) is the 
command signal. When the Vertical Mode Switch is in 
ALT, the output of the Vertical Binary is the command 
signal. In this mode the command signal changes state 
a t  the end of each sweep (with Horizontal ALT) or a t  
the  same time the  Display B Command switches (with 
Horizontal CHOP). 

Notice that  with the Vertical Mode Switch in ALT (Fig. 
2 a and b) tha t  the left vertical is slaved to B sweep and 
the right vertical to A sweep. This is with the time bases 
operated in INDEPENDENT mode. If the delayed sweep 
is used, the switching sequences are changed to  tha t  shown 
in Fig. 3 a and b. 

The switching sequences for dual trace plug-in operation 
are shown in Fig. 4 and 5. The plug-in CHOP command 
(500 KHz) is always present regardless of the mainframe 
operating mode selected. It is directed only to  the vertical 
plug-in compartments. 



VERTICAL Command 

XY OFF Command ._.. ADD Command 
from Readout from Vertical Mode Switch 

to Mainframe 
Vertical 

to Mainframe 
Horizontal 

XY  OFF Command-- - I I *.A; 
from Readout 1 

- -- -- - - to Vertical - 

DISPLAY B Command ' Signal Out 
from Logic 

Fig. 1 Vertical, Horizontal and Trigger switching block diagram. 

The plug-in ALT command is connected to all four plug-in 
compartments. I t  switches states a t  the end of each sweep 
for LEFT or RIGHT Vertical operation in the mainframe. 
In Vertical Mode ALT the plug-in binary counts down 
by 2 so tha t  the plug-in ALT is operating a t  half the rate 
of the mainframe Vertical ALT. Notice that  in Fig. 4a 
and Fig. 5a and b that  left vertical is slaved to B sweep 
and right vertical to A sweep. When the Horizontal Mode 
is ALT or CHOP, the Vertical Mode is LEFT or RIGHT, 
and a dual trace plug-in is operated in ALT, Channel 1 
is slaved to B sweep and Channel 2 to A sweep. 

Troubleshooting the Logic Circuit 

There are twenty display modes possible using the Vertical 
Mode and Horizontal Mode switches on the front panel. 
In addition, there are several other modes available using 
the mode switches on the vertical and horizontal plug-ins. 
Since i t  is beyond the scope of this article to present the 
logic signals for each of these modes, we have elected to 
list the  logic output levels available a t  the test points on 
the logic board and describe what these levels accomplish. 
Also listed are the operating malfunctions that  would 
occur should a given active component fail in the logic 
circuit. 

Most of the problems experienced in the logic circuitry 
are caused by temperature-sensitive components. A can 
of spray coolant can be very helpful in locating this type 
of problem. 

Following is a list of the logic outputs showing the output 
level and the function performed. The command signals 
from the logic circuit are typically small. In most cases 
the high level is about + 1.0 volt and the low level about 
-0.5 volt. You will need to remove the low-voltage power 
supply from the scope mainframe to reach the test points 
on the logic board. 

I Vertical Mode Command - A high level displays 
the right vertical channel. 

I ' 1 - Plug-in Chop Command - A high level displays 
channel 2 in dual trace plug-ins. 

I ' ' ' j ' ~  Plug-in Alternate Command - A high level displays 
channel 2 in dual trace plug-ins and is locked 
(slaved) to the A horizontal time base when the 
horizontal mode is in ALT or CHOP. 

1 1 l f  Display B Command - A high level displays the 
B horizontal time base. 
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Fig. 2 Switching sequence of two single trace amplifiers with two time base units operated 
in the INDEPENDENT mode. 
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Fig. 3 Switching sequence of two single trace amplifiers with two time base units operated 
in the DELAYED SWEEP mode. 
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Fig. 5 Switching sequence o f  one dual trace amplifier operated in ALT mode wi th  one 
single trace amplifier and t w o  time base units. 

SWEEP - 
I I 

I L C h l  

' 
1 1 , -  A Sweep Inhibit - A high level prevents A sweep 

from running during the time B sweep is dis- 
played. 

= 2 p s  
7 1  

HOR l Z 
I I BLANK 

1 I '  lot\ B Sweep Inhibit - A high level prevents B sweep 
from running during the time A sweep is dis- 
played. 

swp ; A; 

/ 1 -  w$11,11 - Provides the drive to the Z axis amplifier 
for the A and B intensity controls. Blanking sig- 
nals for the vertical, horizontal and readout, and 
intensity limit control for the 6 slower sweep 
rates. The output will be about +6  volts with 
A & B intensity counter-clockwise and the read- 
out turned off. 

I L C h l  

I 

. No vertical chopped mode 
No horizontal chopped mode 
No plug-in chopped mode 
Check U120 

+- SWEEP I 
SWP I 

HOLDOFF I 

2 .  No trace intensity 
Check U130, U170, Q146. 

I 1 L Ch2  
I u 

I 1  
L Ch2  

I I I I 

' No vertical alternate mode 
No horizontal alternate mode 
No plug-in alternate mode 
Check U160, Q168. 

1. No horizontal alternate mode 
No horizontal chopped mode 
No horizontal "B" mode 
Check U150 

T.. No slaving when operating vertical mode in alternate 
Following is a list of operating malfunctions and the logic and horizontal in chopped or alternate. 
component failure most likely to cause the  malfunction. Check Q182 



i:. No delayed mode control when operating vertical and 
horizontal in alternate. The right vertical is displayed 
with A sweep and the left vertical with B sweep. B 
sweep is delayed. 
Check Q162 

7. No vertical alternate mode 
No plug-in alternate mode 
Check U180 

12. No plug-in alternate mode 
Check U190 

i j .  No slaving when vertical mode is in LEFT or RIGHT 
and plug-in is in alternate. 
Check Q192 

i ( J .  No vertical alternate, chopped or right mode. 
Check Q194 

i Right vertical mode only. Other vertical modes don't 
work or foul up readout display. 
Check Q196 

THE READOUT SYSTEM 

The readout system in the 7000 Series employs an elec- 
tronic character generating circuit which time shares the 
CRT with the  normal scope function. The characters are 
formed by a series of X and Y analog currents developed 
by character generating integrated circuits. Analog data 
generated in the plug-in determines which characters will 
be displayed. You must have a plug-in installed in the 
mainframe for a readout to be displayed. 

The character generating circuitry is located on the read- 
out etched circuit board mounted on the right side of the 
instrument. This board is easily removed and, since i t  is 
interchangeable from instrument to instrument, you can 
speedily confirm tha t  the board is defective by substituting 
a known good one. A defective readout board can cause 
the normal scope functions to malfunction. This is true 
even though the readout is turned off by the front panel 
intensity control. Removing the readout board will confirm 
whether the  problem is in the readout or elsewhere in the 
scope circuitry. 

A defective plug-in can, in turn, cause the readout to 
function improperly. This can be quickly checked by sub- 
stituting another plug-in. The  time bases will readout 
properly in the vertical plug-in compartments and the 
amplifier plug-ins in the horizontal compartments in a 
properly operating instrument. 

Now let's look a t  some typical problems tha t  may occur 
in the readout circuitry. As in the logic circuit, the cause 
of the problem is often a temperature-sensitive device and 
a can of spray coolant is of help in troubleshooting. 

The readout can be divided into three main sections: the 
sequencing logic, data collection, and the character gener- 
ators and output processors. Here are the typical problems 
relating to these sections, and their probable causes: 

The Sequencing Logic 

No readout 

:: No trace 

No readout and the readout intensity control varies 
trace intensity. 
Check U1210 

No readout, trace intensity normal 
Check U1226 

NOTE: Troubles in the sequencing logic usually affect the 
complete display. 

Data Collection 

I Mixed u p  information or no information on one chan- 
nel of the readout display. 

- Typically the IDENTIFY function will be misspelled 
when displayed. 

:. Interchanging the two suspected IC's will generally 
cause the problem to go to a different channel (usually 
a vertical channel). 
Check U1130 and U1170. 

Symptoms similar to  those above but  there will be more 
missing letters or wrong spelling of words. 
Check U1166 and U1186. 

Improper number of zeros in the displayed word. Typi- 
cally there is a ten times error such as 1 ms instead 
of 10 ms. 
Check U1190. 

Character Generators and Output 

One or more characters missing from a word. 
Check U1251 through U1255. 

NOTE: Each of five IC's makes ten different characters. 
If one is suspected, you can trade with another to  verify 
the problem. However, each IC should be put back in its 
correct location to permit selection of the proper 
characters. 

2 .  All of the characters smeared or positioned incorrectly 
on the CRT. 

:. Trace displayed vertically or horizontally and no read- 
out. 
Check U1270. 

' .  Characters overlapping or not spaced properly on the 
CRT. 
Check U1260. 

These are the readout problems encountered most fre- 
quently by the factory service center. The  instrument 
instruction manual contains a more detailed trouble- 
shooting procedure should you experience problems not 
covered here. 
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INSTRUMENTS FOR SALE 

526. Frank Maser, WBEN, 2077 Elmwood Ave., 
Buffalo, N.Y. 14207. (716) 876-0930. 

585, Viewing Hood, 86,lOX Probe, Scope-Mobile 
Cart, Mod. 5OOA. All $1200. SSR Instrument 
Co., 1001 Colorado Ave., Santa Monica, Calif. 
90404. (213) 451-8701. 

511A. Best offer. Ira Goldstone, Emerson Col- 
lege, 148 Beacon St., Boston, Mass. 02116. (617) 
262-2010, Ext. 230. 

504. Bernie Cohen, P.O. Box 862, Stamford, 
Conn. 06904. (203) 327-6967. 

647A, 10A2, 11B2, All $1500. Stevens Engineer- 
ing, P.O. Box 25070, Portland, Ore. 97225. (503) 
292-9201. 

RM565 with two 2A63's. Total $650. Jack von 
der Heide, Optron Corp., 30 Hazel Terrace, 
Woodbridge, Conn. (203) 389-5384. 

545A, l A l ,  CA, 500/53A Scope-Mobile Mod 2, 
$1400 complete. Bob Cobler. (916) 273-0322. 

519 wlmisc. attenuators, 201-1 Scope-Mobile 
Cwt. All $3500. George Sakai, P.O. Box 2999, 
Torrance, Calif. 90509. (213) 534-2121, Ext. 145. 

162, Four 161's. Mobilscope, Inc., 17734% Sher- 
man Way, Reseda, Calif. 91335. (213) 342-5111. 

Two 611's, Mod 162C. M. Giallango, P.O. Box 
1999, Hudson, Ma. 01749. (617) 562-3424. 

422, 6 mo. old, $1425. Frank Leenecht, Telema- 
tion. (714) 278-9680. 

564B/3A74/3B3 complete, including Scope-Mo- 
bile Cart.  Jerry Huber, Diversified Products, 
7625 E. 46th PI., Tulsa, Okla. 74145. (918) 622- 
5809. 

561A, 3A6, 3B4. All $1100. Pieme-Yves Cathou, 
M I T  Branch, P.O. Box 104, Cambridge, Mass. 
02139. (617) 492-2526. 

502A, 24 hr. use. Best offer over $900. Dr. M. 
Siegman, Dept. of Physiology, Jefferson Medical 
College, 1020 Locust St., Phila., Pa.  19107. 

1A1, $520. Brian Wachner, 1600 E .  25th, Los 
Angeles, Calif. 90011. (213) 934-9991. 

3L5. Never used. Dave Hohlfeld, Security Sys- 
tems, Inc., P.O. Box 595, Siloam Springs, Ar- 
kansas 72761. (501) 524-6441. 

INSTRUMENTS FOR SALE 

517A wICart, $250 or wltrade for 531. Mr. Sar- 
geant, Chelmsford, Ma. (617) 256-9344. 

535A, $600. l A l ,  never used, $500. Q, $80. Cover 
& two 10X probes included wl0scilloscope & 
Plug-In. Hugh Adams, 1008 Beachview Dr., Fort 
Walton Beach, Fla. 32548. 

502, $450. 53% M, $500. Dr. Joseph Tupper, 
Syracuse Univ., Biology Dept., Syracuse, N.Y. 
13210. (315) 476-5541, Ext. 2584. 

535, 53/54C. David Singh, Nothelfer Winding 
Labs, 220 Ewing~ille Rd., Trenton, N.J. (609) 
882-2500. 

520A. Roger H. Baum, Bennett Respiration 
Products, 1639 11th St., Santa Monica, Calif. 
90406. (213) 451-1671. 

543B w/CA and Scope-Mobile Cart,  $1620 or 
best offer. Robert Moss, WBNB-TV, P.O. Box 
1947, St. Thomas, U.S. Virgin Islands 00820. 

422 Mod 125B w/scope ca r t  200-2. Ken Chant, 
Standard Power, 1140 W. Collins Ave., Orange, 
Calif. 92667. (714) 633-1092. 

132, 160A, 162, Plug-in TU-2. Jack Wilkinson, 
Ex-Cell-0 Corp., 850 Ladd Rd., Walled Lake, 
Mi. 48088. (313) 624-4571. 

536, 53/54D, H,  L, R Plug-Ins, 80 with probe, 
81. 581, 551, 541, 541A. Best offer. John  Ivimey, 
391 Kings Hwy., Valley Cottage, N.Y. 10989. 
(914) 358-1773. 

502A S I N  027572. Mr. Vavoudis, 4 Naples Ave., 
E.  Norwalk, Conn. 06855. (203) 846-0232. 

502A. Gd. Cond. Dr. W.R. Klemm, Biology 
Dept., Texas A&M, College Station, Texas 
77843. (713) 845-6131. 

422. S / N  008736, 3 yr. old, Best offer. Gary 
Carlson or Denny Klieger, Osseo Jr .  High 
School, 10223 93rd Ave. N., Osseo, Minnesota 
55369. 

453-127C Scope, S I N  38600, P6028 BNC 1X 
Probe. Frederick Bock, Bock Video Systems, 
Inc., 11 Kercheval Ave., Grosse Pointe, Mi. 
48236. (313) 886-4050. 

515A, $8748. $600 or best offer. F.  Robert 
Werner, Professional Electronics, 7054 South 
2300 East, Salt Lake City, Utah. (801) 277-0200. 

INSTRUMENTS FOR SALE 

547. 6 mos. old. $1600. Dick Peugeot, Ridge 
Instrument Co., 4176 First Ave., Tucker, Ga. 
30084. (404) 939-1554. 

549 Scope, 1Al Amplifier &probes. $2700 or best 
offer. Mr. R. Olsen, Hospital for Sick Children, 
555 University Ave., Toronto, Ont. (416) 366- 
7242, X1648. 

581A. 82: 585A. 82.661.4Sl. 5TlA: 531.53154C. . , . , 

All w/scope calts. Fred ~ e s n o f f ,  Computer Test 
Corp., 3 Computer Dr. Cherry Hill, N.J. 08034. 
(609) 424-2400. 

535A, 565, 555,551. 515AA 531A, M A ,  661, 647A, 
Plug-ins CA, R,S,G,H. Mr. R .  Inabinette, Ana- 
heim, Ca. (714) 956-2300. 

262, S / N  299, $650; 3976, S I N  1114, $450; 3T77, 
S I N  951, $450. Will trade for 2 or 3 Series Plug- 
ins. Mr. John Forster, M I T  Branch PO, Box 48, 
Cambridge, Ma. 02139. (617) 864-6900. 

(2) 541A, (2) CA Plug-ins, (2) 500/53A Scope- 
mobiles; (1) 545A, (1) CA Plug-in, (1) 500A 
Scopemobile. Gene Horn, Offshore Systems, Inc. 
(713) 464-8301, X59. 

INSTRUMENTS WANTED 

453, any condition. John Lum, 825 Erie St.,  Apt. 
3, Oakland, Calif. 94610. (415) 893-7033. 

576. Dick Landis, Cal State  Electronics, 5222 
Venice Blvd., Los Angeles, Calif. 90019. 

422 or 453, Gene Bilich, 2525 S. 44th St.,  Mil- 
waukee, Wi. 53218. (414) 545-0958. 

453. Bernard L. Tenill,  Computer Maintenance, 
Iowa Tech. Ottumwa, Iowa, 52501. (515) 682- 
8081 or (515) 684-8707. 

531A w/o plug-in. D.K. Hiskey, 4662 Lakeview 
St.,  Yorba Linda, California, 92686. 528-7379. 

MISSING INSTRUMENTS 

453's, Ser. Nos. 44002,45595,45652,45657,45658, 
45559. Contact IBM, World Trade Dist. Ctr., 
East  Fishkill, New York. 

Telequipment Scope, Ser. No. 412844, in San 
Francisco 4/16/71. Contact S. N. Bragg, Novar 
Corp., 2370 Charleston Rd., Mt. View, Calif. 
94040. 
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By Dave Takagishi, Electronics Engineer 
Calculator Products Division calculator 

For the first time, it is unnecessary to learn a complicated for complicated machine languages iii scientific calcula- 
machine language in order to operate a powerful desktop tors. 
calculator. The  TEKTRONIX Scientist 909 (and its com- 

panion, the Statistician 911) speaks the universal language This new calculator incol.porates a powerful keyboard that  
of mathematics, substituting a simple keyboard language is unmatched for simplicity of operation. 
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ATiCAh EXPRESSION 

Mathematical  expressions a re  entered directly a s  they 
would be written in equation form, using parenthesis if 
desired. For  example, t o  solve t h e  equation 

where a ,b,c . .  . .h are  variables of the  user's choosing. 
Press ; 

1 
Trig, Log, x2, , , 6, and other  one-variable function keys 
operate directly on the  number in t h e  display. For  example, 
t o  find: 

Press: 

Read  t h e  answer, + 644839326.7 

? -  

Two-variable function keys such a s  (J and 1-1 
--A 

operate on the display a s  t h e  first variable x, and on the  

next entry or expression a s  t h e  variable y. For example, 

t o  find: 

Press: 

T h e  TEKTRONIX Scientist 909 has  memory stol.age and 

recall t h a t  w extremely easy to  operate. Any number in  

t h e  display can be stored a entified with a two  digit 

followed b) t h e  two sub- constant by pressing, = > 

script digits, 00 through 25. 

For  example, to  display 17 and  store it in register number 

21 

Press: 

The powerful Scientist 909 keyboard provides access to more mathematical functions than any other machine with fewer 
total keys. 



T h e  stored number (17 in the  above case) can be recalled 

t o  the display again and again a t  any  later time by pressing 
? 7 1 1 and t h e  two subscript digits (21 in the above case). 
L - 

These recalled nunlbers can be used in all keyboard opera- 

tions just as  new digit entries a re  used. 

Example: 

Indirect subscript addressing allows t h e  Scientist t o  auto-  

matically sequence and operate on all stored constants. 

T h e  number in the  display is stored and identified with 
r 1 

indirectly addressed subscripts by pressing = 1 ' 
r i  

L 
followed by two digits. 

Example: Let T= constant indirectly addressed as  Kii. 

Pressing r] r - ] , [.(J u 
L - 

will label KI ;=  3.141592654 if K ~ I  = 17 (from previous ex- 

ample). Subsequently whenever presslng [.] E,,l 21, r 
_J 

will appear in t h e  display. 

A "learn program" key is included on the  Scientist 909 
r -  7 

keyboard. While this keg, , is activated, t h e  calcu- 
... - 

lator is in a learn mode 111 which every key stroke ( u p  

t o  256 steps) is memorized. These menlorizeti key depres- 

sions mag be auton~at ical ly  repeated a t  any  time by press- 

ing the  key called r; L- : 1 (thereby eliminating repetitive 

keying sequences). This  feature may be used t o  define your 

own special function keg. For  example, t o  define your own 

special inverse Gudermannian function key where 

Press: 

Now use t h e  key like any  other  function key operat- 

ing on one variable. 

In  addition to  t h e  above type of programming, which is 
essentially linear (no branching or looping) the  T E K -  
T R O N I X  calculator family includes a n  "add on" pro- 
grammer, t h e  926. 

This  programmer uni t  provides t h e  branching and looping 
features of a small computer a n d  will store 512 program 
steps in its internal MOS storage. T h e  contents of this 
storage can  be transferred t o  a tape cartridge which installs 
in the  Programmer. Each  cartridge holds up t o  10 blocks 
of these 512 s tep  programs. T h e  Programmer 926 combined 
with a T E K T R O N I X  Scientist 909 or Statistician 911 
Calculator can accomplish most tasks a scientific computer 
can, with t h e  exception of those tasks requiring very large 
d a t a  storage. 



Applications for t h e  T E K T R O N I X  Scientist 909 span 
virtually every discipline and profession where mathemat-  
ics is used. Scientists, engineers, educators, statisticians, 
surveyors, metallurgists, astronomers, bankers, merchants, 
designers - all can be freed from the  confusion of machine 
language and the  tedium of paper and pencil arithmetic 
t o  spend their valuable time on more creative processes. 

Application requiring control and readout of analytical 
instruments may frequently be handled by a modern pro- 
grammable calculator instead of a high cost mini-com- 
puter.  T h e  laboratory may already own (or plan t o  buy)  
a scientific calculator for individual desk use, and would 
like t o  avoid t h e  purchase of a larger, faster machine unless 
the  application really requires i t .  

A good example of a n  application t h a t  can be handled 
by a programmable calculator is t h e  Gas Chromato- 
graph/Mass Spectrometer (GC/MS).  This  type of instru- 
mentation system has  been successfully controlled and  
monitored by a mini-computer, is relatively low speed, a n d  
therefore well suited t o  calculator control. 

T h e  heart  of t h e  G C / M S  is a mass filter assembly. Gas  
samples for mass analysis are  inserted into t h e  ionizing 
chamber a n d  forced through t h e  filter by accelerating 
electrodes. 

T h e  mass of a n y  ions t h a t  successfully pass through the  
filter is directly proportional t o  t h e  applied scanning vol- 
tage. Ions passing through a re  detected by a photo-multi- 
plier whose output  current is fed t o  a n  integrator. 

GC/MS operation begins with a calibration cycle program. 
A reference compound with a few known mass spectrum 
lines is placed in t h e  inlet. T h e  mass of these known lines 
can be entered from t h e  keyboard or by punched card. 
T h e  scanning voltage is then incremented, and a t  each 
step the ion current  is determined. Signal to  noise can be 

noise. T h e  resolution (separation of voltage steps) can be 
constant,  o r  variable, within a scan. Each  voltage s tep is 
corrected by the  calibration curve referred t o  earlier. T h e  
integrated current divided by t h e  integration time gives 
t h e  amplitude of the  mass corresponding t o  each voltage 
step. A plotter records the  resulting spectrum a s  i t  is 
produced and stored on tape for future use. T h e  voltage 
and  amplitude of each peak can be found mathematically 
and printed ou t  on a teletype or  printer. 

Simplified block diagram of a Gas ChromatographlMass 
Sioectrometer. 

optimized by programming the  integration time as  a func- - -  - - - 
tion of signal strength, since t h e  integrated current is 
divided by the  integration time to obtain t h e  actual  
current.  

T h e  scanning voltage of each ion current  peak is combined 
with the known mass of each peak and interpolated t o  
produce a calibration curve which is stored for later use. 

After calibration, t h e  unknown sample is placed in t h e  
inlet. T h e  scanning voltage is stepped from t h e  lowest t o  
t h e  highest value required, stopping a t  each s tep while the  
calculator adjusts  t h e  integration t ime for best signal t o  Block diagram of the mass filter assembly of a GC/MS. 



Simplified block diagram of a colorimetry system. 

Programmable calculators have been successfully applied 
to the measurement of color. A typical system is illustrated 
a t  right. Light from the object being measured passes 
through color filters which divide it into basic colors. These 
are measured with photo detectors whose outputs are 
scanned by a multiplexed analog-to-digital converter and 
sent to the calculator. The calculator performs the follow- 
ing calculations: 

This computes and stores three numbers that  uniquely 
identify the color. 

The system referred to has been used to color match mink 
fur for repair of coats, replacing an experienced "mink 

matcher" with a calculator and a less experienced techni- 
cian. 

This system could be applied to color matching in process 
control. More multiplexer stations could be added to mon- 
itor the color of material and dyes going into a process, 
the color of material coming out, and a desired color Sam- 
ple. Using the information and a programmed knowledge 
of color mixing, the calculator could interface with valves 
controlling the dye inputs to match the output with the 
sample. 

CALCULATOR PERIPHERALS 

The utility of TEKTRONIX Calculators is enhanced with 
a family of peripherals including a digital strip printer, 
X-Y plotter, punched card reader and magnetic tape 
storage devices. 

Dave Takagishi is one of the original I 0 people responsi- Cintra in 1968. He became a Tek man in May, 19 7 1, 
ble for development of the Scientist 909. He has been when Tektronix bought the Cintra assets. 

involved with design and implementation of the calculator 
from pre-breadboard through its production phase. Dave is 31 years old and married. His interests outside 

of calculators include golf and photography. 
Dave is a graduate of San Jose City College and worked 



Complete testing of today's complex integrated circuits, 
printed circuit boards and  other  such products is a formi- 
dable task. T o  accomplish it ,  a n  equally formidable array 
of signal sources, power supplies, test fixtures and measur- 
ing devices are brought together to  form automatic mea- 
surement systems. Some of t he  more sophisticated systems 
also include a computer. 

How well we accomplish the  testing task depends, to  a 
large extent, on the ease with which the various elements 
of the system "communicate" with each other and  with 
the computer. 

The  new TEKTRONIX R1340 Da t a  Coupler could be 
called a "systems comn~unicat ion expert". The  coupler is 
designed to  multiplex da t a  inputs and outputs  of various 
system components to  a common T T L  da ta  bus. This  data 
bus can, in tu rn ,  be interfaced t o  a computer, da ta  receiver, 
or da ta  source. Using optional interface circuit cards, 
nearly any form and format of da t a  can be applied to, 
or acquired from, the R1340. The  unit can perform such 
functions as  input/output  level conversion, serial-to- 
parallel and  parallel-to-serial format conversion and tem- 
porary storage of da t a  in latching registers. 

The  unit is designed primarily for use with TEKTRONIX 
Automated Measurement Systems. However, i t  can serve 
just as well as  a n  important building block in your system. 
Here are some of the chores it  can perform: 

Provide the  interface to bring your system under com- 
puter control. 

Couple the  system to  data-logging equipment. 

Interface the computer to registers, DVMs, test fixtures 
and other programmable instruments in the  system. 

Digitize high-speed waveforms for computer analysis. 

T h e  It1340 consists of a rackmount cabinet with power 
supply, space for twelve plug-in cards and eighteen wired 
connectors providing a total of 648 input/output lines. 
Combinations of' from one to twelve plug-in cards within 
the  121340 perform the various Sunctions desilwl. 

T h e  block diagram in Fig. 1 shows four major application 
areas using the R1340. (Type numbers of TEK'I'IEONIX 
instruments used in our automatcd ~neasurement  systems 
are shown in the appropriate blocks.) Although not  appar- 
en t  from the  diagram, da ta  logging from a system using 
the 230 and 240 can be performed through the I31340 
without using the computer. Da t a  is logged on computer- 
compatible magnetic or punched paper tape. 

FACE OPTIONS 

Since different applications or functions require different 
interfaces, we should discuss the  various interface options 
available for the  R1340 before getting into specific appli- 
cations. An option consists of a package which includes 
one or more plug-in circuit cards, interconnecting cables 
and  a n  instruction manual. Several options ( u p  to  a total  
of 12 cards) can be accommodated in the  uni t  a t  one time. 
There are ten options presently available with several more 
in the design stage. Briefly they are: 

1 .  R1340 to PDP-8/L Computer Interface 
2. R1340 to  IBM 1800 Computer Interf'ace 
3. R1340 to  R230/R240 Interface 
-1. R1340 to Paper Tape Punch/Reader Interface 
5. R1340 Da t a  Logging Interface 
6. 16-bit Input/ l6-bi t  Output  Interface 
7. 32-bit Input Interface 
8. 32-bit Output  Interface 
9. R568 to  R1340 Waveform Digitizing Interface 

10 .  Vertical and Horizontal Signal References Interface. 

The  waveform digitizing and the signal reference interfaces 
merit special consideration since they bring new capability 
t o  automated testing. 



INTERFACE TO MISC - - 
D ~ G ~ T ~ Z ~ N G  GENERAL PURPOSE INST 

PDP-8  Computer 

Fig. 7 Four major application areas of the R 1340 include 
system control, data logging, waveform digitizing and inter- 
facing to many general purpose instruments. 

Fig. 2 A basic waveform digitizing system consisting of the 
R 1340 Data Coupler, an R568/  3S6 /  3T6 Oscilloscope and 
a DEC PDP-8 minicomputer. 

- -  - - - " ~ . ~ " . - - " - - -  - - -... .. - .- .- - - .. . . 

W A V E F O ~ ~ ~  ~ ~ ~ ~ ~ ~ I z ~ N ~  The other card consists of a buffered 10-bit D-A converter 

Waveform digitizing, as the name implies, is a means of 
converting an  analog waveform into its digital equivalent. 
A computer can then be used to measure whatever param- 
eters are desired such as risetime, pulse width, period, or 
delay between two pulses. Smoothing or noise reduction 
can be performed to  improve measurement accuracy or 
to extract a low-level signal from noise. 

A block diagram of the basic waveform digitizing system 
is shown above. It consists of the R568/3S6/3T6 program- 
mable oscilloscope, the R1340 and a PDP-8 minicomputer. 
A total of seven interface cards reside in the R1340. Three 
cards are required to interface the computer to the R1340, 
two cards program the R568 and plug-ins, and the remain- 
ing two cards are the digitizer interfaces. 

One of the digitizer interface cards has two, 10-bit A-D 
converters, buffers and control logic to convert the 3S6 
channel A and B analog information to binary numbers. 
These numbers are then made available to be read by the 
computer under software control. 

which outputs an analog voltage to  the 3T6 to determine 
the time position of a particular sample. I t ,  in essence, 
generates the analog ramp for the sampling sweep unit. 
Both cards rely on computer-generated operating instruc- 
tions. 

WAVEFORM DIG878ZEW LOGIC 

Three operating modes are available for the waveform 
digitizer. One is called the SCAN, SAMPLE and HOLD 
mode, wherein the horizontal sweep is stepped across the 
screen in 1023 increments. This is like the normal sampling 
scope operation with one important difference. The sweep 
is prevented from going to the next time position until 
the data in one or both of the A-D buffers has been read 
by the computer. This enables the memory location itself 
to be used as a time position pointer for that  data word. 

The  second operating mode is called PARK, SAMPLE and 
HOLD. In this mode, the self-incrementing operation of 
the register driving the D-A converter is disabled and now 
becomes a simple 10-bit latch which will accept a data 



A & B Analog Signals 

Data Data Tape 
Device from to 32-Bit Punch D to A A 
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Fig. 3 Block diagram o f  a computer-controlled system which includes waveform digitizing and vertical and horizontal 
reference signals. 

word from the computer. The sampler now makes samples 
a t  any one of 1023 time positions on the waveform being 
measured. Any number of samples desired may be read 
a t  tha t  single time location by the computer. A new word 
may be loaded into the D-A register a t  any time to  select 
a new time position or the mode may be changed back 
to  SCAN, SAMPLE and HOLD. Thus, any segment or 
segments of a waveform may be stored in core, or multiple 
measurements a t  single-time locations may be stored for 
use in noise reduction. 

The  third operating mode is called SCAN, FREE RUN. 
Here the sweep D-A operates in the self-increment mode 
and the logic loop requiring the computer to read the A-D 
converter before allowing the D-A to  move to  the next 
time position, is disabled. This mode is most useful for 
initial setup of the package since in the SCAN, SAMPLE 
and HOLD mode, only one sweep can be seen, and in the 
PARK, SAMPLE and HOLD mode, only a single dot can 
be seen on screen. 

Any of those three modes can be entered via computer, 
while the SCAN, FREE RUN mode may also be entered 
by a front panel control on the R1340. 

Of the two data acquisition modes discussed, the SCAN, 
SAMPLE and HOLD mode offers the greatest flexibility 
in the range of measurements that  can be made. However, 
i t  requires up  to  2048 words of computer memory to store 
a complete sweep of data from channels A and B. Since 
most standard minicomputers have only 4K of memory, 
the user would almost certainly have to add storage capa- 
city to accommodate a comprehensive program package. 

I t  should be apparent t ha t  a great deal of redundant 
information is contained in a typical oscilloscope display. 
This leads to a second type of acquisition routine which 
uses the PARK, SAMPLE and HOLD mode. I t  requires 
somewhat more sophisticated software but has several 
important advantages over the first method. 

Prior to the da ta  acquisition stage, the user specifies the 
type of measurement and what points must be measured 
on the waveform. For example, suppose we want to mea- 
sure risetime, amplitude and channel A to channel B delay. 
These measurements require 096, lo%, 5056, 90% and 100% 
points of the pulses on both channels to be stored. 



A 0% zone 1s established by parking the  sweep at  the  left 
edge of t h e  screen and then reading the channel A and 
B samples. Next, the sweep is parked a few tens of incre- 
ments  t o  t h e  right, samples read and compared with the  
first ones. A zero slope area is quickly found by stepping 
t h e  time position around a s  necessary. Once a suitable 
time-position is established, several readings of the  A-D 
converters a t  t h a t  one time position are  averaged and then 
stored a s  t h e  0 8  locations for channels A and B. Similarly, 
t o  locate t h e  100% time and  amplitude, t h e  time position 
(sample) is programmed to the  right edge of the  screen 
then moved to t h e  left or backward in time. Now the  50% 
voltage value is calculated and the  sampling time position 
moved around until  this value, or something near it, is 
found. Multiple A-D readings are  then made at adjacent 
time positions with each time location given some average 
value of these readings. These noise-reduced values are  
then used to calculate the  time position of the  "smoothed" 
50% cwssing. The  10% and !)0% points a re  found in ii similal. 
way. 

T h e  required pal'ameters of the  two verticizl channels are  
stored in only 20 memory locations (10 amplitude i ~ n d  10 
time) cornpal~ed t o  2048 memoly locations for storing the 
complete waveform. Furthermore, the  noise level and,  
hence, repeatability of t h e  measurement have been greatly 
enhanced, and t h e  whole process carried ou t  with fewer 
than 100 samples, depencling upon the  number of samples 
used for noise reduction purposes. 

Designed t o  be used with the  Waveform Digitizing Inter- 
face, a programmable time standard and programmable 
voltage s tandard a re  available a s  plug-in cards for the  
R1340. These s tandard signals a re  made available a t  t h e  
system measurement fixture so t h a t  all combinations of 
sampling heads, channel A or B, and  3S6 sensitivity will 
have a calibration coefficient tabulated in t h e  computer 
memory. Similarly, a calibration table can be stored for 
all sweep rates of the  3T6 between 500 ms/div and 1 ns/div. 
Time and amplitude measurements can thus  be made t o  
better than 1 5  with traceability t o  NBS. 

Pictured on the preceding page is a block diagram of a 
coillputer-controlled system using the  Waveform Digitizer 
and the  Vertical and Horizontal Reference interfaces. T h e  

computer has  master  control over all of the  cards in  t h e  
coupler via P1, t h e  Device Selector. 

T h e  Device Selector takes da ta  from the  computer, con- 
verts it from a binary number t o  a selection code and uses 
i t  t o  select one or  more cards in t h e  d a t a  coupler. T h e  
selected card immediately transfers data  t o  or from t h e  
interface bus in  t h e  R1340. T h e  computer generates a 
strobe pulse when it  sends or receives da ta .  

T h e  Device Selector also receives a signal from each card 
which indicates t h e  s tatus  of t h a t  card. When t h e  com- 
puter is ready f'or d a t a  from t h e  coupler, i t  looks for a 
signal from t h e  Device Selector and then handles the  da ta  
a s  the  romputer  program requires. 

N o  softwwe is presently available as  part of the 121340 
except as  part of' a11 operating S3150 system, and t h a t  
software is in n language closely related to  the  particular 
11i~dw;ire in the  system. 

Existing hardware interfaces used in the  It1340 f'or the  
DISC I'I>P-R/IA and IHM 1800 computer are  well docu- 
mented and allow machine-lmguage drivers t o  be easily 
written. Hardware interfaces for other computers (includ- 
ing the 13ISC PDIJ-11) are  under development. Special 
software, a high-level language written in DEC E'DP-11, 
FORTRAN IV, will be available in 1972. T h e  T E K T R O N -  
IX  programming language being developed for the  PDP-11 
will allow interactive English-language control of com- 
puter  peripherals and  test instruments  interfaced through 
the  R1340. Digitized waveform d a t a  acquired by t h e  Wa- 
veform Digitizing Interface can be computer processed 
through measurement routines for determining such para- 
metric d a t a  a s  risetime, pulsewidth, etc. Measurement 
routines may be interactively altered or extended for unu-  
sual  applications by writing FORTRAN routines t o  per- 
form special functions. Arithmetic, data-logging, instru- 
ment  programming and display operations a re  t o  be in- 
cluded. 

CONCLUSION 

T h e  R1340 D a t a  Coupler greatly expands system flexibilitb 
with or without t h e  use of a computer. Through waveform 
digitizing and accurate  voltage and timing references it  
brlngs neu measurement capability t o  dynamic testing. 
Your T E K T R O N I X  field engineer can help you apply t h e  
R1340 t o  solving your measurement problems. 
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THE 7074 COUNTS CURRENT 
TO MINIMIZE CIRCUIT LOADING 

by Emory Harry, Field Engineer 
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Fig. 1 Simplified circuit of the CT- 1 probe. 

T h e  7D14 is a 525 MHz direct-reading counter. Circuit 
loading is often a problem when coupling to circuits oper- 
ating in this frequency range. Often i t  is possible to use 
a current probe to couple the signal to  be counted to  the 
7D14 and realize much less loading. No electrical connec- 
tion is made and the current probe heads are not grounded, 
therefore, the possibility of accidental grounding is also 
avoided. 

T h e  current probe which offers the most performance 
coupled to the 7D14 is the P6041/CT-1. This combination 
makes available the full 525 MHz bandwidth of the 7D14. 

Pictured a t  left above is a simplified circuit of the CT-1 
Current Transformer. I t  has a frequency response of 35 
kHz to 1 GHz with a sensitivity of 5 mV/rnA when operat- 
ed into 50r! . I t  can be used with either the 5011 or lMr1 
input impedances of the 7D14; however, the insertion 
impedance is lower when the 50 11 input is used (1 G shunt- 
ed by 5 uH vs 2 ~ 1  shunted by 5 uH). 

The  capacitance added to the conductor when passed 
through the CT-1 is determined primarily by the wire size. 
I t  will be 0.6 pf for No. 20 hare wire and 1.5 pf for No. 
14 bare wire. This capacitance and the inductance of the 
conductor form a transmission line with ZO of approxi- 
mately 5011 for No. 14 wire and approximately 100 ci for 
No. 20. 

Fig. 2 The 7 0  14 Counter plug-in with P604 1 I CT- 1 Probe 

The maximum voltage on the circuit under test is limited 
to 1000 V DC and the RMS current to  100 A peak with 
an amp-second product of 1A-us. When the amp-second 
product is exceeded, the core saturates and the output of 
the CT-1 falls to  zero. 

Since the input sensitivity of the 7D14 is 100 mV and the 
sensitivity of the CT-1 is 5 mV/mA it can be seen that  
approximately 20 mA must be flowing through the circuit 
under test to drive the counter. 

The  1Mn rather than the 5011 input of the 7D14 can 
be used to effectively double the sensitivity of the CT-1, 
however, the insertion impedance also doubles. When op- 
erating the probe into the 1Mt1 input of the 7D14 it is 
only necessary for 10 mA to  be flowing in the  circuit under 
test. 

If the signal current is less than 10 mA, the wire can be 
looped through the CT-1 more than once if the conductor 
is small enough. The insertion impedance will go up ap- 
proximately as the  square of the number of times the wire 
is looped through the CT-1. For example, five loops will 
result in an insertion impedance of about 5011 when oper- 
ating into the 1 M 13 input. 



Most sophisticated electronic equipment uses some form of regu- 
lated power supply. Generally speaking, these supplies fall into two 
categories: constant voltage or the constant current form or, in 
some cases, a combination of both types. 

By far the most common is the constant voltage type. A constant 
voltage generator is defined as "a two-terminal circuit element with 
a terminal voltage independent of the current through the element" 
(extract from the I.R.E. Dictiona~y of electronic terms and sym- 
bols). This definition implies tha t  a constant voltage generator has 
a zero source impedance. 

Source impedance is that  impedance we see looking back into the 
output terminals. In the strict sense of the definition, we cannot 
build a power supply whose output impedance is zero. 

At this point, we must ask the question, why does it matter if 
the output impedance is not close to zero? To  answer this question, 
let us look a t  an amplifier and its power supply (Fig. 1). We see 
tha t  the power supply output impedance (ZO) appears in series with 
the load resistance (RL)  of the amplifier. If ZO is not low, the result 
will be tha t  the power supply will not deliver a constant voltage 
but will vary with I\ 

Fig. 1 Equivalent circuit showing that the output impedance of the 
power supply appears as part of the load. 

We should keep in mind that  in oscilloscopes, the varying load 
presented by the sweep, tiigger, unblanking and other circuits could 
generate an  IS of several hundreds of milliamps on a peak-to-peak 
basis. This calls for a supply having not only a low output impe- 
dance, but it should be capable of handling wide variations in load 
as well. 

A power supply employing feedback ptinciples provides an ideal 
solution. I t  can accommodate varying loads and the output impe- 
dance can be made very low. 

Let's take a look at  the Low voltage power supplies in the 453A 
(Fig. 3). A careful exa~nination of the feedback networks in the 
amplifier portions of the circuitry shows tha t  these are, indeed, 
operational amplifiers. A simplified equivalent circuit is shown a t  
the right of each supply. 

Before analyzing these supplies in detail, we need to consider 
operational amplifiers in general and examine some of their limita- 
tions. Shown a t  right is a DC analysis of the inverting and non-in- 
vei-ting type of operational amplifier. The analysis suggests tha t  
the most important parameter to  be considered is the open-loop 
gain (AoL). If AOL is high, then the feedback resistors (RF and 
Ri) are the sole factors determining the amplifier closed-loop gain. 
Further, we see from equation (2) tha t  with AOL very large, Es 
will be very small (in the order of a few millivolts) and so Eout 
will be essentially proportional to EIN. 

At lower right are typical plots of AOL in teims of frequency and 
output impedance (ZQ). We see tha t  if we are to achieve a true 
constant voltage power supply, AOL must be infinite. This is not 
possible, of course, but we can approach the ideal situtation a t  
frequencies approaching DC.  However, note tha t  as the signal 
frequency increases two things happen: open-loop gain decreases 
and output impedance increases. The result is tha t  we do not have 
a constant-voltage supply a t  all frequencies. Since the power supply 
is a common meeting point for many circuits, the variations in 
supply voltage caused by high-frequency circuit loads are coupled 
into'other circuits and cause problems. This coupling can be mini- 
mized by filters and decoupling networks but is still a peisistent 
problem to  circuit designers. 

Let us now turn our attention to the more practical aspects of 
the constant voltage power supply. In analyzing a power supply 
circuit, we must first recognize the type of regulator and its control 
amplifier. At upper right are the two types of regulator circuits 
commonly used, the series type and the shunt type. The most 
common is the series regulator for the reason of the power dissipat- 
ed across the regulating element. 

Once the type of regulator is determined, i t  then becomes an 
exercise to recognize the type of feedback amplifier involved and 
the feedback networks. 
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SERIES TYPE REGUL ITOR i 

Ref. 
SHUNT TYPE REGUL I T O R  

Rel. 

INVERTING 

0 E0UT 

El, I 0 

+IOL Eour ?+-p~o 
I - 

Now, using the superposition theorem: Using the superposition the or en^: 

and EouT = - AoL Es where AoL is the open-loop gain 

Now El,=E, because of the null situation between the inputs. 
So suhst. El, for E, and in\erting Eq(2) we have: 

rearranging Eq(3) in terms of closed-loop gain, or A(,, 

1 
El, Eour -- - - - AOL (It ,  + l t ~ )  

El, I V I  - I<, (AOL + 1) + RF 
where AiVI = closed-loop gain 

and for values of A,, >> 1 

Now if A,, ----- m 

RF then A(,, = - 
i t ,  K, + l t F  and if A,, -2. then .Alvl = - -  - 

Z where Zo is the output impedance with feedback 
OUTPUT IMI'EDANCE = Zo = 

1 + PA01 
Z = output impedance without feedback 

I t .  
15 = 2-- 

-"~.- 
R, + RF 

""*".,*" "---- ~"+--",*" - - ,<-I. 
- - - - - - - - ACTUAL CURVE 

1 o2 ASYMPTOTIC CURVE - OUTPUT 
o IMPEDANCE 

N" 101 OF C0KST.iNT 

g VOLTAGE g loo REGULATED 

I 
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W 

5 '"I 3 10.2 
a 
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FREQUENCY IN Hz 

CONSTAST 
VOLTAGE 
FEEDB.ACK 
AMPLIFIEIt 
OPEN-LOOP 
GAIN CHAR- 
.ICTERISTIC 

100 101 lo2 103 104 105 lob 107 

FREQUENCY I N  H7. 
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Fig. 3 Low voltage power supplies for the 453A with their simplified equiva- 
lent circuits at right. 

) 1 5 5  VOLT SUPPLY 

111191 
100 



Let's look again a t  the low voltage power supplies for the 453A 
(Fig. 3) and analyze them as operational amplifiers. 

+75 VOLTS SUPPLY ANALYSIS 

Fig. 3(a) shows the +75 volt supply in its simplified form. Recog- 
nize that this supply is a series regulator, Q1197 and Q1193 being 
the seiies element, with Q1184 the regulating amplifier (operating 
as an inverting amplifier). Notice we consider R1182, 2500 poten- 
tiometer a t  mid range, half of R1182 is with RF and the other 
half with Ri. R1182 is adjusted for the final value of +75 volts. 

E IN is the D C  reference voltage for the supply 

R, = 1580013 + 125R in parallel 
with 75000!! 

= 13130!!s 

and K, = 2000(! + 1251, 
= 21250 

= 74.2 volts 

A slight adjustment of R1182 will bling Eo to exactly +75 volts. 

+ 12 VOLTS SUPPLY ANALYSIS 

Fig. 3(b) shows the +12 volt supply in its simplified form. We 
proceed along the same lines as we did in the +75 volt analysis. 
Q1167 and Q1163 are the series regulator elements while Q1154 
is the regulating amplifier, once again the inverting type. R1152, 
1009 pot, is the adjustment for setting the supply to + 12 volts. 
Consider R1152 set a t  mid range, half of which is associated with 
RF while the other half we find associated with RI However, the 
values of RI and E I N  are not so apparent here. We must first 
calculate these values. RI is Thevenin's equivalent resistance, while 
EIN is the Thevenin equivalent voltage to the left of the dashed 
line. 

87 x (1335 + 50) 
and E I N  = -12 + volts 

(1335 + 50) + 75000 
- - -12 + 1.57 
- - - 10.43 volts 

so finally 

= +11.93 volts 

A slight adjustment of Rll52 will bring E o  to exactly + 12 volts. 

-12 VOLTS SUPPLY ANALYSIS 

Fig. 3(c) shows the -12 volt supply in its simplified folm. Q1137 
and Q1133 are the series regulating elements. Q1124 and Q1114 
are the regulating amplifiers. Notice that the simplified form is 
of the non-inc'erting type of operational amplifier. This is not so 
apparent a t  first glance and is determined by the fact that the 
reference voltage ( E I N )  is a negative voltage and results in a nega- 
tive output voltage. However, the feedback loop is connected to 
the opposite input of the amplifier and any change in output 
voltage is amplified and inverted to move the output back to its 
original level. E IN in this case is the reference voltage provided 
by the Zener diode VR1114. R1122, the 25052 pot is the -12 volt 
adjustment, so as before, we identify RF and Ri. 

hence Eo = -9 X 2283 
-. 

1705 
- - -12.05 volts 

A slight adjustment of R1122 will bring Eo to exactly -12 volts. 

CONCLUSION 

In summaiy, we find that the typically high open-loop gain and 
low output impedance of operational amplifiers make them ideal 
for use in achieving a constant voltage power supply. They do, 
however, have limitations as to the range of frequencies over which 
they can maintain a constant output voltage. 
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A PRACTICAL APPROACH 

TO TRANSIST 

VACUUM TUBE AMPLIFIERS 

BY F. J. BECKETT 

TEKTRONIX, INC. 

ELECTRONIC INSTRUMENTATION GROUP 

DISPLAY DEVICES DEVELOPMENT 

Two articles published in past issues of Service Scope contained information that, in 
our experience, i s  of particular benefit in analyzing circuits. The first article was "Sim- 
plifying Transistor Linear-Amplifier Analysis" (issue #29, December, 1964). It describes 
a method for doing an adequate circuit analysis for trouble-shooting or evaluation pur- 
poses on transistor circuits. It employs "Transresistance" concept rather than the compli- 
cated characteristic-family parameters. The second article was "Understanding and Using 
Th6venin's Theorem" (issue #40, October, 1966). It offers a step-by-step explanation on 
how to apply the principles of ThBvenin's Theorem to analyze and understand how a 
circuit operates. 

Now we present three articles that will offer a practical approach to transistor and 
vacuum-tube amplifiers based on a simple DC analysis. These articles will, by virtue of 
additional information and tying together of some loose ends, combine and bring into 
better focus the concepts of "Transresistance." 



Tubes and transistors are often used to- 
gether to achieve a particular result. Vacu- 
um tubes still serve an important role in 
electronics and will do so for many years 
to  come despite a determined move towards 
solid state circuits. 

Whether a circuit is designed around 
vacuum tubes or  transistors or both, it is 
important to recognize the fact that the 
t w o  are in many ways complementary. I t  
is wrong to divorce vacuum tubes and 
transistors as separate identities each pe- 
culiar to their own mode of operation. 
Indeed, as this series of articles will s h o ~  

Let  us consider the general equation f o ~  
current through a P.N. diode junction. 

v 
(1) 

where V = applied volts 

I, = reverse bias current 
= constant between 1 & 2 

k T  
and V, = - where k = Boltzmans 

cl 
Const., 1.38 s lO~ '~ou le / "Ke lv in  

T = absolute temperature in degree Kel- 

vin at room temperature, i.e., T = 300°K 

q = electronic charge 1.602 x 10- 'You-  

lo111b. 

300 
V, r - = 0.026 volts 

11600 

Figure 1 

Figure 1 shows a typical forward volt/ 
amp characteristic for germanium and sili- 
con diodes. Figure 2 is a plot of the col- 
lector current or the base cyrrent versus 
the base-to-emitter voltage of a transistor; 
point A on this curve is a typical operating 
point. 

Part I 

THE TRANSISTOR AMPLIFIER 

INTRODUCTION 

there is an analogy between the two. I t  
is true of course, that the two are entire- 
ly different in concept; but, so often we 
come across a situation where one can be 
explained in terms of the other that it is 
very desirable to recognize this fact 

Transistor and vacuum tube data give us 
very little help in the practical sense. Pa-  
rameter Curves and electrical data show 
the behavior of these devices under very 
defined conditions. I n  short, they are more 
useful to the designer than the technician. 
\Ye are often reduced to explaining most 
circuits in terms of an ohms law approach; 

OR JECTIVE 

The objective of this paper is to present 
a practical approach to Transistor and 
Vacuum-tube amplifiers based on a simple 
DC analysis. 

The articles will be published in the fol- 
lowing sequence. 

1. The Transistor Amplifier. 
2. The Vacuum-tube Amplifier. 
3. An analysis of a typical Tektronix hy- 

brid circuit (Type 545B vertical) based 
on conclusions reached in (1) and (2). 

As  a corollary they will bring forward 
some important relationships between vacu- 
um tubes and transistors. 

Figure 2. Line ( 1  ) is a plot of the base cur- 
rent versus the base-to-emitter voltage (VBE) .  
Line ( 2 )  is o plot of the collector current 
versus the base-to-emitter voltage (VBE) . Point 
"A" is a typical operating point. 

50, it seems pointless not to pursue this ap- 
proach to its logical conclusion. 

In  this first article we will look a t  a 
transistor amplifier as a simple D C  model ; 
and then, in the second article, look a t  a 
vacuum-tube amplifier in a similar light. 
W e  will assume that both devices are op- 
erated as linear amplifiers and then use 
the results in a practical way. 

One must bear in mind that this ap- 
proach cannot be assumed in all cases. 
I t  is, as it is meant to be, a simple analy- 
sis but the results will prove to be a valu- 
able tool in trouble-shooting and under- 
standing circuits. 

One is quite justified in looking at  a 
transistor in terms of the two-diode con- 
cept, refer to Figure 3. Therefore, assum- 
ing diode A to be forward biased and di- 
ode B to be reverse biased, as would be the 
case if we were to operate the transistor 
as a linear amplifier, the current through 
diode A will conform to equation (1) .  
Let us take a closer look at Figure 2. 

W e  define conductance in the gener*, 
case as 

I 
g = -  v 

and therefore at  our operating point "A" 
the dynamic conductance 

hence 
v 

I, esp  --- 
g' = pV, 

pVc 

Figure 3. Illustration of the two-diode con- 
cept of o transistor. 

@ 1967, Tektronix, Inc. All Rights Reserved. 



I 
b u t  I >> 10 tlien g' = - 

,,,V,> 

tlie common emitter antl the common I ~ a w  
coniigurations. 

sisted of resistances alone, it would be pas- 
sive; i.e., it could supply no energy of its 
own. But a transistor can amplify energy 
to the signal. T o  represent tliis we liave 
sl~o\vn a current generator shunting R,. 
T h e  value of R, will depend 011 tlie circuit 
configuration; i.e., tens of kiloh~iis for  a 
comnion emitter configuration, to many 
megolinis for  a common base configuration. 
111 our approach it is not necessary to pur- 
sue this matter any further  since we  will 
not he considering a transistor in any ex- 
treme condition. 

Firstly, let us define tlie tern] p (tlie 
sm:tll-signal current gain) a s  

AI<. p = -- 
AT,, 

T h e  term takes into account the re- 
coml)ination of carriers in the junction re- 
g ion  I t  is approximately unity for  ger- 
tnaniuni antl ;~pprosiniately 2 for  silicon 
A t  a typical operating point tliis term can 
mually be neglected. Therefore, we may 
s ay  that 

:tnd since In = I, -t 11, 

usually p >> 1 tlien 11: =: 1, 

K o w  in a more pr:tctical sense, let us 
look a t  Figure 5, a typical common-emitter 
con£ iguration. 

Now resistance is tlie reciprocal of con- 
ductance antl therefore the value of con- 
(luctance at  point "A" can be given In term\ 
o f  resistance 

tlie enlitter current flows into tlie hase. 
Hence, it is reasonable to suppose that any 
impedance in tlie emitter, wlien viewed from 
tlie lnse,  will be p times a s  grea t ;  and, 
:my impetlance in tlie base, wlien viewed 
iron1 tlie emitter, will be p times a s  small. 
Tliat is to say, the dynamic resistance mul- This resistance (r,) is commonly laio\vn 

a s  the dynamic emitter resistance. tiplied 1)y ,Cj niust equal R ,  in our equiva- 
lent "Tee" circuit. 

A t  this point we will tlepart from our 
simple model and look at  the transistor in 
another f o r m ;  but, Ixar  in mind our first 
thoughts. Transistor parameters a re  derived 
from various equivalent circuits depending 
upon tlie configuration i.e., common emitter, 
comnion base, o r  common collector. W e  will 
not  consider any  detailed analysis in this 
approach ; hut, to untlerstantl tlie approach 
:f is necessary to know how tliese param- 

2rs a re  derived. I t  will 11e simple enough 
to  derive another set of parameters once 
we  liave our basic model constructed. 

Hence R,. = p r e  

Our  equivalclit circuit slio\vs :t resistance 
It,,. Th is  resistance is known a s  the base- 
sprcatling resistance. I t  is :L physical qun~i-  
tity and can Ix expressed in terms of resis- 
tivity associated with tlie Ixw-emitter junc- 
lion. I t  can vary hetween :t few olinis to 
Iiuntlretls of ohms, depending upon the type 
of transistor ; :tnd therefore,  nus st be taken 
into consit1er:ttion. T.ooking into tlie emitter 
we see it ns an impeclance wliose value is 
tlivitled Ily P :tnd appears in series wit11 
the t1yn:lmic emitter resistance (r,.) . Hence 
the emitter current encounters an impetlancc 
in tlie I):lse/emittcr junction wliicli is equal 
lo tlie sum of tlie dynaniic resistance plus 

Figure 5. A typical common-emitter circuit. 

The simplest and easiest equivalent cir- 
cuit of a transistor is the "Tee" equivalent. 
Tt is a very good approximation about the 
l~eliavior of a transistor, especially a t  DC 
and low frequencies. \\re can also represent RI, 

- , the latter term we will designate R ,  
P 

either tlie comnion emitter o r  the common 
l n s e  simply h y  interchanging RI, and Re. 
Figure 1 is a "Tee" equivalent circuit of 

, . I h e  input impetlance we see looking into 
the base of a transistor in tlie conimon emit- 
ter co~ifiguration is 

and the sum of tliese two resistances we 
will designate R t .  

EMITTER R e  Rc COLLECTOR 
T h e  value of R ,  can vary anywhere be- 

tween 2 R to 24 R depending on tlie value 
of RI,. RI, is difficult to  measure and rare- 

AV,,,, 
also 411, = --- 

RI, ,  
ly given in electrical data 0x1 transistors. 
A figure of 250 R's is a typical value a t  low 
frequencies. Therefore, if P were 50 tlien 
R ,  \vould he 5 R's. 

BASE 

we also recall that  COMMON BASE 
N o w  if we  look into tlie base in tlie com- 

mon emitter o r  the comnion collector con- 
i~gura t ion  it is reasonable to suppose we 
will see tlie resistance (Rt)-plus any other 
impedance which may be wired to the emit- 
ter terminal-multiplied hy P ,  then 

RI , ,  = P ( R t  -1 RI:) (10) 

a I c  p = 
art, 

Tlierefore substituting equation (13) in 
equation (14) 

where R,: = the external emitter resistance. 

I f  Rli >> R t  then Ri,, = PRr: 
EMITTER 

COMMON EMITTER 

S o  f a r  \ve have had very little to say ; ~ n d  f r o m  equation (15) 

a v , , ,  = ~1~ (RI: + R I )  (16) 

Figure 4. "Tee" equivalent circuits for the 
common-bose a n d  common-emitter configuro- 
tions of transistors. 

allout R ,  shunted by tlie current generator 
I,:. If our equivalent "Tee" circuit con- 



w e  define the volt;tge gain as 

T h e n  f rom eclnation (12) and equation 

(16) 

I f  we analyze the comn~on-base configura- 
t ion in a s i~ni la r  manner we arrive at  the 
s a m e  result with the one exception that the 
s ign  is positive. 

T h e  conclusion we can draw from this 
:tnalysis is that the gain of :I transistor stage 
is set by external conditions provitled that 
the emitter resistance is sufficietitly great 
enough to "swamp" our internal resist;tnce 
(12,). In the absence of an emitter resist- 
:mce 

There  is one very important 5:tct l i e  
mus t  renienilxr about R1:. RF will I)e that 
impedance In which the signal current will 
f low to the A C  ground. \\'e define an A C  
ground point a s  that point in a c i rcu~t  at 
which the power level of the signal has been 
reduced to zero 

\Ve normally encounter three types of an 
.4C ground : 

This  is the chassis point o r  the I)C 
ground point. I t  is as  well to remember the 

Figure 6. Illustrating the three types of AC 
ground normally encountered in electronic cir- 
cuits. 

power supply can be placed in this category 
so f a r  :is the signal is concerned. 

T h e  apparent AC ground may be r e p ,  
sented by any point in a circuit \\-hich acts 
a s  to represent a low impedance b e t w e n  
that point and the actual .4C ground thereby 
bypassing the signal to  an actual rZC ground. 
A large value capacitor is a typical example 
should one side be returned to an actual A C  
ground. 

T h e  virtual A C  ground point is perhaps 
the most difficult to recognize. I t  may best 
be explained as that point in a circuit where 
we have two signals of equal amplitude and 
frequency but exactly opposite in phase. 
Figure 6 will help clarify these points. 

Figure 8 sunimarizes the results of our 
D C  analysis of the common emitter, com- 
mon base and common collector. 

Figure 7. W e  define the porometer Rc in the common-base "Tee" configurotion as; 
ohms 

R, = -- 
A I< 

Where AVce is the change in the collector voltage because of the change in collector current Al,, 
when we hold the emitter current IE constant. 

Once the collector becomes soturoted, the change in I, is very small for a large change in V,,. 
Hence, R, is o very large resistonce and does not modify the DC equivalent circuit to any extent. 

For this reason it was omitted from Figure 8. Therefore; Rout = RI, (Common Base). 



BASIC CIRCUIT 

BASE COLLECTOR 

EMITTER 

EQUATIONS 

COMMON EMITTER 

fMlTTER COLLECTOR 

BASE 

COMMON BASE 

BASE 

COLLECTOR 

COMMON 

ROUT = 

parallel with RE 

OLLECTOR 

REMARKS 

A resistance IRE) between the 
emitter terminal o f  the transistor 
to the AC ground wil l  modify the 
gain equation and the input im- 
pedance; then, 

RL A l? )  = - - 
R, + RE 

R,, = /3 IRE + Ril. 

The equivalent resistance RE(,) 
between the input signal rource 
and the emitter terminal o f  the 
transistor wi l l  modify the gain 
equation and the input imped- 
ance as seen from the signal 
source; then, 

The actual value of R,. wil l  de- 
pend on what resistance is con- 
nected to the bare. Let us ossume 
the base is directly coupled to the 
preceding stoge. The equivalent 
output impedance of  the preced- 
ing stage becomes the numerator 
over beta in the second term in 
the parenthesis and the output 
impedance of the stoge under 
consideration Lt is modified oc- 
cordingly; e.g., i f  the output im- 
pedance of the previous stage is 
I 000  r, then 

1000 , 
L t  = IR, + -----I In parallel P 
with RE. 

Figure 8. 



PART 2 
THE VACUUM TUBE AMPLIFIER 

I n  the previous article ( P a r t  I ,  "The 
Tratisistor Atnplifier) of tliis series, it 
w a s  slio\vn tliat the gain of a linear tmn- 
sis tor  amplifier is set by external condi- 
tions. Tlie same reasoning can also be 
applied to \racuurii tubes. The  equivalent 
circuit of a vacuu~ii-tube amplifier is sIio\vn 
in Figure 9. Tlie current tliat is protlucctl 
in  the plate circuit 11y the signal (E , )  act- 
i n g  on the grid is taken into account by 
postulating tliat tlie plate circuit can be 
replaced by a generator, -pE, having a n  
internal resistance ( r p ) .  \\'e may also 
consider a vacuutii-tube amplifier in terms 
of tlie constant-current form by replacing 
t h e  voltage generator in the constmt-volt- 
a g e  form \vith n current generator (gm E,) 
shunting tlie internal resistance ( r p )  . Figure 9. I l lustrating the more famil iar equivalent circuit of a vocuum tube amplif ier. 

(a) The constant voltage generator form o r  the Thhvenin equivalent. 
(b) The constant current generator form o r  the Norton equivalent. These t\vo approaches a r e  valid in every 

respect but they do not convey tnucli to 
u s  in the practical sense. Let us now con- 
sider a wcuum-tube ampliiier from an- 
other  approach. 

1 I (Grou+tded Cathode) in terms of tlie d a t e  current. Therefore. 
to derive tlic actual gain figure we must W e  will now loolc :it a triode amplifier 

in terms rel;ttetl to our equivalent circuit. 
The  common component is of course, the 
plate current. Tlie change in tliis current 
due to the action of a control grid nil1 
determiiie the output voltage across the 
load impedance (RI,) . 

tleterminc tlie actual amount of cathode 
currcnt wliicli \vill finally reach the plate 
:ind 1)ecotiie s i g d  current. This  figure 

I n  an amplifier \vliicli has its grid ref- 
erenced to ground ;dl plate-circuit impctl- 
ances, RI, and rp, when viewed from 
t h e  cathode a r e  multiplied 1)y the term 

can be arrived at  f rom n graphical analy- 
sis of the mutual-conducta~ice curves. In  
most cases, about 72% of tlie cathode cur- 
rent reaches the plate to  become signal 
current. A typical example is a type 12BY7 
pentode. However, tliis figure can be as 
high a s  90% for  some types-for exaniple 
:I 7788 pentode. Tlie ratio of the plate ci. 
rent (I,,) to tlie cathode current (Ik) is i. 

1 
. Also, by the same reasoning, tlie 

P S . 1  
Now E ,  = E, + B 
That  is to say 

cathode impedatices when vicned f rom tlie 
plate circuit a r e  multiplied by tlie term 
( p  + 1) .  Therefore, tlie impedance we 
see looliing into the catliode  nus st be 

rp  + Rl. + R, o r ,  E, = I, [(-) ] (20) 11, plate efficiency factor, i.e., 7 c- -. 
I !, -- rp ' RL , where p equals the amplifica- 

lL+l Now let is reexamine what effect this 
fact must have on tlie gain of a pentode 
:unplifier :IS co~iiparcd to  a triode ampli- 
fier. Tlie impetlnnce \ve see looking into 
the catliotle of a pentode is the same as for  
a triode. 

tion factor of the tube. 

and El, = -Il,RI, (23) Hence it is reasonable to  suppose that 
t h e  voltage E,, reference Figure 10, appe;tr? 
across this impedance we see looking into 

\Ve define tlie voltage gain A(,, a s  

t h e  cathode. 
rp  + 131,  

That  is -- 
P + 1  

Iiowever rp  > > l i L  and tlierefore RL can 
usu:illy be neglected in this equation. 

r 11 1 
That  is to  say -- - -- 

~ + 1  - g m  

and since conductance is the reciprocal of 
re%istance we will call tliis impedance rr. 

\\re now have arrived a t  an equation 
for  gain which is a ratio of impctlances. 
The  same approacli may 11e applied to tlie 
grou~itlcd-grid configuration :uid \ve arrive 
a t  a sitiiilar result, except the sign is posi- 
tive. 

\\'e have sccn tliat the gain equation of 
the triotle atnplifier is d e f ~ n c d  in terms of 
tlie parameters p and rp. \\'e should not 
lose sight o i  tlie fact tliat p :md rp a re  
related to  the pl;ite current :ind tlierefore 
\vhcn these pnr:i~neters :Ire tr:uisferred to 
cathode dimensions these terms must ' 
multiplied by the plate eiiicicncy f ~ t o r  ( 
That  is to  say the itnpetlnnce \vc see look- 
ing into tllc c:~tliode r, must I)e multiplied 
1)). ( 7 ) .  \\'it11 tliese facts in miiitl let us 

In tlic triotle amplifier a11 tlie catliotle 
current xvill i low trhrougli tile output load 
impctlance (RI,) . I-Io\vever, in the c : w  of 
the penlode and other multigrid tul~es,  sonie 
of tllis currcnt is diverted into tlie screen. 
Equation (23) defines the output voltage 

Figure 10. A vacuum tube amplif ier in  the ground 
:d cathode configuration showing the various volt 
1ge measurements around the circuit. 



n o w  derive the gain equation for  n pentotle 
; ~ m p l i f  ier. 

\Are recall tha t :  

'= E b b  - El, --EL (22) 

and E,, = -I,R!. (23) 

a l s o  E, = E, + E k  (19) 

= ?~rhIh f IhRh (Z7) 

111 
b u t  Ili = - (38) 

'I 

T h e r e f o r e  substituting equation (28) in 
equation (27) 

'Irhr,, 
1.3, = - I]>Rh 

i- 7 
17 

Rk 
= 11, (1.k + ----) 

'I 
(29) 

a n d  since the voltage gain 

- Rr. 
- - - 

rh + Rh 
(30) 

T h e  same rem;lrlis \ve mndc :tl)out the e s -  
t e rua l  enlitter resistor Ri: (refer  to  I'art 
N o .  1, T h e  Tr:unsistor Ainpliiier) :~pply 
equ;illy xs \vcll to  the cathotle resistor, R a ;  

j~rly,  R k  will 11r fliai i111pcd~711cc in xAir11 
.< sigi~c~l cirrt-rnf ail1 f l o r ~ ~  fo file AC 

g ~ o z i ~ ~ d .  

111 the case of the grounded plate ( the 
cathotlc fol lo\ \cr)  we do not tleetl to con- 
5ider the plate eff~cicncy factor if the am- 
plifier is triode connected, therefore, the 
"gain" can 1)e considered in terms of a 
simple divider network \vhich c : ~  never 
Ilc greater th;m unity. 

And i f :  

~ \ l l i c h  is usually the case; then, 

+ Rr' (either v(,) or  V(:)) \\'here r h  = --------- 
P + l  

\\'it11 a push-pull pentode amplifier we  
nlust consitlcr the plate-ef f icicncy factor 
('I) . Therefore, 

(34) 

where rk = --y either VC1) or  Val  
gm 

n = plate-efficiency factor of ei- 
Lllel- V(,) o r  V(3. 

T h e  c;iscode amplifier fr~~~tlanienl:~l ly con- 
sists of two t u l m  co~mectcd in series, see 
Figure 12. S o r ~ n : ~ l l y  \ye usu:llly f ix  the 
grid of V(,) a t  sonic positive voltage. 

T h e  key to ~ i n t l e r s t a ~ i t l i ~ ~ g  this type o l  cir- 
cuit is to co~lsider V(?) a s  a voltage-activated 
current generator. A11 the current delivered 
I)p V(?) passes through the output load im- 
pet1:iilce RI.. Any change in voltage xppear- 
ing ;it the grid of V(?) appe:trs a s  :I ch:unge 
in current across ICI.. \\'e can derive the 
gain eqr~ation in the s:me way as we did 
for  a pentode amplifier. There is no need 
to consider ('I) if both tubes a re  triodes. 

rpe3 
where I - ~ ( z )  = -- 

P(?) + 1 

- - -  
grnc.) 

where the sul)scripts (1)  and (2)  a r e  as- 
sociated with V(,) and VcJ). 

One  of the ad\.:mtnges of this type of 
circuit is t11;it the in te r~~:d  inipetlatice \vhicli 
shunts 111. is cxtretnely high. 

I n  this respect the triode cascode ampli- 
fier closely : ~ p p r o x i ~ ~ i a t e s  a ~)entotlc ampli- 
fier. If we compare the plate-cr~rrcnt versus 
pl:~te-voltage curves of 110th devices \vc 
see x close resemblance. 

Figure 13 is a typical coniigulxtion con- 
sisting of a w c u u m  tube IT1 :m(1 :I tran- 
sistor, Q1, connected in series. W e  can 
apply much the same approach a s  we did 
for  the cascode vacuum-tihe amplifier. Let  
us assume the base to  emitter junction of 
(2, to Ix forward biased. T h e  collector cur- 
rent of Q, becomes the plate current o i  
V,. Thcrcfore, any clmnge occrirring a t  
the 1):ise of Q1 is reflected a s  a change in 
plate current in V,. 

Figure 11. A typical push-pull tr iode amplifier. 
W e  normally encounter two virtual AC ground 
points between the cothodes V, ond V?. I t  moy 
be necessary to consider the effect of the virtual 
AC ground point  at the iunction of R, and R?. 
I f  RI or R ?  is large in value compared respectively 
t o  Rk(1) or  R q ? )  then we con neglect this virtual 
AC ground and  consider Rli in terms of Rkcl)  or  
Rlicl.). However, i f  this is not so, Rl i  wi l l  b e  the 
porollel combination of RB( I )  and R, or Rli(?) and R?. 

Figure 12. Illustrating a cascode amplif ier usin 
w o  triodes. 

+Ebb 

HYBRID CASCODE 
AMPLIFIER 

Figure 13. A typical hybr id cascode amplif ie 
using a transistor and a vacuum tube. 
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# RE= EXTERNAL EMITTER 
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W e  recall ( P a r t  1, The  Transistor Am- 
pl if ier ,  Eq. 10) that the input impetlance 
w e  see looking into tlie base of a transistor 

' t h e  common-emitter configuration i s :  

I, 
also p = -- 

I I, 

therefore substituting equation (37) in 
equation (36) 

n o w  the collector current Q1 becon~es tlie 
plate current of V1. Then, 

El,, = I, (RE + R t )  since I,, = I, (39) 

a l s o  El, = -1,Rr. (23) 

a n d  since 

El ,  
A(,) (stage) = - - 

I< i ,, 

then  from equations (23) arid (39) 

II>R1. 
A(") (stage) = - 

I!) ( R E  + R t )  

I f  the vacuum tube is not a triode but 
sonle other niultigrid tube such as a pen- 
tode, the gain equation will have to be 
~nultiplied by the plate efficiency factor 

(?I). 

T h e  same remarlcs concerning tlie out- 
put impetlance of tlie vacr~um-tul)c cxs- 
code amplifier can I)e applietl to tlie l i y l ~ ~ i t l  
counterpart. 

\Ve have sllo\vn tI1;it the gain of :: linear 
amplifier, tr;uisistor o r  v;lcuwn t u l q  is ;I 

ratio of impctl:r~ices. \\'e can, of course, 
derive the gain equations for  11otll devices 
in terms of mutual contluctmce. Tn i:ict. 
if we compare the transfer  curves of 11otl1 
devices, Figure 14, we  see ;I striking simi- 
larity. Vnir and Ex can 11c tliougI1t of in 
the  same terms and in like minner I,, and 
I, perform itlcntical functions. O u r  :~n;ily- 
sis o i  1~1th  devices has sIio\v11 t1l;it this 
fact  is not coincidence. 

TRANSFER CHARACTERISTIC TRANSFER CHARACTERISTIC 
OF TYPE 6 D J 8  / ECC88 OF TYPE 2 N 4 0 8 ( P N P )  

Figure 14. The transfer characteristic curves of a vacuum tube (6DJ8) and a PNP trons~stor (2N408), illur 
rotina the basic similaritv between vacuum tubes and transistors. 

Rk 
GAIN=A(v)= - RE 

GAIN=A(,)= - 
Rk+rk  R E + R ~  

ROUT = rk  in parallel ROUT = (R+ +$) in parallel 
with Rk  with RE 

Figure 15. The onalogy between the cathode follower (grounded plate) and  the emitter fol lower (the 
common collector) in terms of "gain" and output impedances of both devices. 

if \vc cl~osc to iqnorc tlie input iui1)ed;incei 
of Imth t l e ~  ices 

Figure 16 suniniarizes the results of our 
analysis of the grounded cathode, grounded 
grid, and grounded plate atnplifiers. 

I t  is not surprising we sometimes find 
ourselves explaining one device in terms 
of another. Nature has a charming way 
of making   no st things interdependent upon 
one another. Recognize this fact  and most 
tasks become a little easier. 

I t  is not unrensonable to s:iy that \vhen \ve 
comp:irc the cathotlc-follo\ver (grountled- 

te) against the common-collector con- 
,UI-ntion, Figure 1.5, xve c;ui tl~inlc of hot11 

devices :is I~e ing  identical in operation- 
differing only in concept. T h e  s:me argrl- 
ment can be put iorlvard about the com- 



PART 3 
A D C  ANALYSIS 

O F  A TYPICAL 
TEKTRONIX HYBRID CIRCUIT 

A s  a typical example of a Telitronix, Inc. 
hybr id  circuit o n  which to demonstrate our 
DC analysis, we  have chosen the vertical 
amplif ier  of a Type 545B Oscilloscope. 
T h i s  circuit is representative of the hybrid 
circuit one encounters so often in electronic 
ins t ru~lxnta t ion  today. 

T h e  Type  5453 vertical amplifier is a 
hybrid push-pull amplifier operating in a 
class A mode. I t  incorporates a few extra 
circuits such a s  trigger pick-off amplifiers 
necessary to acco~nplisl~ its function, but, 
l~asically it is a hybrid push-pull amplifier. 

T o  hegin our analysis of the amplifier, 
t h e  first thing we must do is select a portion 
of the amplifier circuit \vhich will give us 
t h e  information necessary for us to make 
o u r  first calculation. \\'c ; ~ r c  going to 
analyze the \vhole circuit so  we can choose 
o u r  point of entry. The  input circuit is as  
good a point a s  any. Bear in mind that, 
f o r  our purpose, tliis is not the only point of 
entry.  Any point on the circuit \vhich ~vil l  
give us useful inform:\tion \voultl do. 

A quiescent D C  voltage of $67 volts is 
the  nominal voltage at  the output of the 
plug-in aniplificrs used in the Type 545B 
oscilloscope. This  voltage appears at  t e r m -  
i d s  1 and 3 of J11 in Figure 17, and thus, 
a t  the grids of V494A and V494B, a 6DJ8  
dual triode. T h e  input cathode follo\ver 
(V494 A & B )  has a bias of about 4 volts; 
therefore, hot11 cathodes will be a t  +71 volts. 
T h e  base voltage of Q514 and Q524 is then 
f ixed a t  71 volts. This sets the emitter 
voltages of (2514 and Q524 at  one junction 
drop  more negative (they a re  110th N P N  
transistors) than the base. Therefore, the 
voltage a t  the emitter of Q514 and (1524 is 
70.5 volts. T500 is a small toroidal trans- 
former used for  high-frequency cominon- 
mode rejection. T h e  D C  B A L A N C E  Con- 
trol, R495, sets tlie quiescent condition. \Ve 
mean by this that the trace is centered. 

W e  have tnatle certain assumptions allout 
the hias of a vacuum tube and the hase-to- 
emitter voltage drop of a transistor. This  
is quite justifiable since we Icnow what 
function the device performs. One helpful 
hint about transistors is that you can expect 
a base-to-emitter vo lkge  drop of almut 0.5 
to  0.6 volts for  a silicon transistor and 
about 0.2 volts for  a germanium transistor. 

Figure 18. The circuit which wi l l  determine the DC emitter currents for either Q514 or Q524. (A)-Thl 

actual circuit as shown in Figure 17. (B)-The equivalent DC circuit considering R517 or two resistors througl 

which the individual emitter currents w i l l  flow. 

\Ve a re  now a l ~ l e  to calculate the emitter 
current of ei t l~er  (2.514 or  Q524. T h e  DC- 
enlitter current will flow t l~rough R51.5 or  
R516 and into R517 to g r o u ~ ~ d .  Since the 
emitter currents of (2513- : ~ n d  Q524 botli 
pass t l~rough R517, we may think of R517 
k i n g  mxle  up of t\vo resistors, each of 
2.6 lcn in value, in vi11ich tlie individual emit- 
ter currents will flow, refer to Figure 18: 
Therefore, 

\\'e can now calculate the value of r,., tlie 
dynamic-emitter resistance, 

to this vie can add our constant, R,, of say, 
4 11. \Ve recall tha t :  

therefore : 

or  :tpprosimately 5 21 .  \\'e have now estall- 
lislied the value of the emitter current and 
the value of R t  for  Q514 antl 52524. 

O u r  nes t  stel) is to find the value of KI: 
\\.e tnust lino\v this value in order to cnlcu- 
late gain. You will recall that I<,: will be 
t11nt impetlance through which the signal 
current will flow to the A C  ground. Let 
us t ;ke :~nother look at  the resisti\~c net\vorli 
1)etween the emitters of Q514 and Q j 3  
The  signal currents flowing in tliis circi. 
will I x  cqu:~l antl opposite at  t\vo points, 
refer to Figure 19. These points a re  virtu:tl 
AC-ground points ; therefore, the impetlance 
seen by tlie signal current froin the emitters 
of 52514 o r  (2524 \\ill be the p:~rallel com- 
hination of 153 12 and 27 fi or  approximately 
23 11 to the AC ground points. Hence, RI: 
for  Q514 o r  Q524 will he 23 f? 

R5l5 VIRTUAL AC 
27 GROUND POINT: 

Figure 19. The location of the virtuol AC ground 

paints between the emitters of Q514 and Q524. I 





W e  have now calculated from this part of 
t h e  circuit all of the information we need 
t o  progress further into the circuit. Let us 
t u r n  our attention to the circuit around 
Q513 and Q523. The first thing we notice 
is that  the base of Q513 and Q523 are tied 
together a t  an AC-ground point. You will 
recall that the impedance we see looking 
in to  the emitter of the common-base con- 
figuration is Rt.  In order to calculate 
Rt  we must, of course, calc~~late r, and add 
o u r  constant for  R, of 4 R ;  r, will be a 
function of the actual value of current flow- 
ing  into the emitter. 27 niillianips has been 
set  in the emitter circuit of Q514 and Q524; 
but not all of this current will flow into the 

TO AC 
GROUND POINT 

3.01 K 

TO EMITTER Q523 
VIA R527 (3.01 K) 

Figure 20. The DC current paths in  the emitter 
circuit of Q513 or (2523. 

emitter of Q513 and Q523. 11.5 milliarnps 
will flow through R510 and R527, refer 
to Figure 20. The actual value of current 
into Q513 or Q523 will be 15.5 milliarnps. 
Therefore, the impedance ( R t )  we see look- 
ing into the emitter of Q513 and Q523 will be 

There is one point we should make clear 
here. W e  have assumed a value of 4 9  
for R, which you will recall is equal to 

Rb - . R, can vary from between 2 R to 
B 

24 R depending upon the type of transistor 
(refer to Par t  1, "The Transistor Ampli- 
fier" S E R V I C E  S C O P E  #42, February 
1967). This is one of those few times we 
should be really a bit more specific about 
assuming a value of R,. The sum of the 
impetlances 5.68 R and 90.9 R should be equal 
to 93 R since our delay line is a 186 f2 balanc- 
ed line. Therefore, we have a difference of 
3.58 R between the theoretical value and the 
calculated value, or an error of approxi- 
mately 3.770. This error has been due in 
part to our presupposed value of R, to be 
4R.  Such an error could not be tolerated 
in design work but it is acceptable here for 
our purpose of DC analysis. Bear this limita- 
tion in mind when you apply this analysis. 

There is another point we must clear up. 
What is the load impedance of the hybrid 
cascode amplifier Q514, V514A or Q524, 
V514B? Clearly it will be that impedance or 
impedances connected from the plate of 
V514A or V514B to the A C  ground. W e  are 
using a balanced delay line of 186 R, (93 R to 
a side), referenced to the AC ground. There- 
fore, the delay line impedance (93 9 )  must 
shunt R511 in series with R t  (or R526 in 
series with R,)  making an effective load 
impctlance of approximately 47 R in the plate 
circuit of V514A or V514B. W e  now have 
all the necessary information to calculate 
the gain to this point. 

This impedance of 5.68R plus R511 or 
R526 (90.9 R) constitutes part of the load 
impetlance of the hybrid cascode atiiplif ier 
Q514, V514A or Q524, XT514B and the neces- 
sary niatching impetlruncc for the delay line. 

Q523 is the trigger pick-off amplifier and 
Q543 is an emitter follo\ver providing isola- 
tion between the vertical amplifier antl the 
trigger circuits. 

The trigger picli-off amplifier Q523 is 
one part of a transistor cascode amplifier. 
The input stage is Q514 and Q524. Nor~ i~a l l  
the gain of a transistor cascotle amplifier 
the ratio of RI. to I&: + Rt .  The gain in tl 
case must I,e multiplied hy 0.5 for the fol- 
lowing reason. The signal current is equally 
divided at the plate of V514B, half of the 
signal current will f lo~v through the delay 
line iml)etiance (93 a )  and the other hali 
through R526 and finally through the load 
impedance of Q523. The load iuipetlance will 
be that impetlance ~vliich is connected to the 
AC ground. The collector of Q523 is con- 
nected to the base of Q543. The im~)etlnnce 
we see loolting into the base of 52543 is 

If \ve choose to neglect the input circuit 
of the trigger amplifier we see that R1: in 
this case is R547 6.5 IiR. A beta of 50 is a 
close figure to use for Q543, and since RI: 
> > R, then, 

This impedance shunts R 5 4  (75 kll) antl 
1228 a 1.5 IiSl ~vire-wound resistor. \\'e may 
then, for  all practical purposes, consider 
1-528 the collector load resistance (RL)  ; 
therefore. 

Q534 is the heam-indicator amplifier. Its 
function is to drive t\vo neon lamps situated 
above the C R T  on the front panel of the 
oscilloscope. These neons indicate the posi- 
tion of tlle trace in a vertical direction. In 
the quiescent condition the voltage at  the 
junction of R535 and R536 is 287 volts. Bof' 
indicator neons, I3538 and B539, have , 

volts across them, not enough voltage to 
strike either neon. (This type of neon has a 
striking voltage in excess of 68 volts.) 



When we apply a negative signal to the 
vertical input of the osc~lloscope, the base of 
Q524 is dr~ven negative and ilie base of 
"I4 moves in a positlve d~rection by a 

~ l a r  amount. Tlierefore, tlie current 
tlirougli R530 tlecrcases and the current 
through R507 Increases The voltage at  the 
emitter of 12531 increases and the voltage : ~ t  
t h e  base of Q534 decreases As a result, the 
hase-to-em~ttcr junction of Q534 beco~nes 
reverse b~ased anti Q534 ceases to conduct 

Therefore, the voltage at  the junction of 
R535 and R536 rises towards 350 volts 
striking neon 3539 which indicates trace 
has shifted down. 

R513 and R523 and the DC S H I F T  con- 
trol R502 are thermal-con~per~sation net- 
works associated \vitll Q514 and (2524. 
The thermal time constants are long and 
the visible result appears on the CRT dis- 
play as a DC shift in trace position after 

GRID 
+ 350 V 

V594 T 

17.8K 

GRID 
V584 

Zth = 9 0 0  

voc "IOOV + 
T 

1 902 E2=R2 
+ IOOV ('42) 

Voc = V2 + (VI -V2) R2 
RI +R2 

Vo, I00 VOLTS 

re 21. I l lustrating the use of ThBvenin's Theorem to simplify a network consisting o f  a voltage sour, 

,.,d a resistive network. (A)-The network whose Thevenin equivalent is to be determined. (B)-Determi 

i n g  the equivalent source impedance ( Z t h )  and the equivalent voltage source (V,,). (C)-The Theven 

equivalent network of (A)  connected to the junction of R574 and R576. (Dl-The equivalent circuit co 

sidering Ztt, as t w o  resistors through which the individuol emitter currents wi l l  f low. 

a step function. The DC S H I F T  control 
is adjusted for the best dynamic tliermal 
compensation, typically about 1% tilt. 

\Ve will now analyze the output circuits 
to the riglit of the delay line, refer to Figure 
17. The first thing we must do is to cal- 
culate the voltage at tlie base of Q594 or 
Q581. TIie voltage at the junction of R532 
and R533 (174 volts) will set the hase volt- 
age of Q513 and (2523. Assuming a junction 
drop of 0.5 volt tlie voltage at  tlie emitter of 
(2513 and Q523 will be 173.5 volts. The cur- 
rent through R511 and R526 is 27 milliamps, 
hence the voltage drop across these resistors 
will be 

z 2.5 volts 

therefore, the voltage at  tlie plate of V514A 
and V514B is 

173.5 - 2.5 = 171 volts. 

This 171 volts is directly coupled to the base 
of Q594 and (2584 via tlie delay line. The 
voltage at  tlie emitter of both Q594 anti (2584 
is then 170.5 volts. W e  will now calculate 
the current flowing into the eniitter of Q594 
or Q584. Figure 21 shows a step-by-step 
approacli in solving this problem. TIie sim- 
plest approach is to use Th6venin's Theorem 
to simplify the resistive network R569, R570, 
R571 and R572. The result is we have a 
V,, of +I00 volts and a Ztk, of 9OOQ to 
the junction of R574 and R576. Therefore, 
looking from the emitter of either (2594 or 
Q584 we see an impedance of 13.3 n in series 
with 1800 Q to +I00 volts. 

we now calculate r, 

26 26 
r * r - r -  

I,: 39 

and to this we add our constant R, of 4 n; 
tlieref ore, 



W e  have only one point in this circuit ( a  
virtual AC ground point) at \vliicli tlie sig- 
na l  currents will he equal and opposite. Tha t  
point is the junction of R574 antl R576 
(13.3R resistors). Tliis fact sets R1.: at 
13.3 R. Tlie purpose of the R C  network to 
t h e  right of R574, R576 is to compensate tlie 
high frequencies. 

Tlie input impcdmce we see looking into 
t h e  base of Q594 or  (2584 is 

A beta of 75 for  tliis type of transistor is 
;I close figure to use for prxtic;il purposes. 

Tllerefore, 

I?!,, = 75 (13.3 + 4.7) R's - man 

T h e  value of lii, ,  is part of a resistive net- 
work whicli will terminate tlie delay line in 
its correct impetl;cncc. Tllerefore, lx fore  ~ v e  

Ri,, = B ( K :  + R t )  (10) Icnve this section u c  must check to see if our 

HIGH FREQUENCY 
NETWORK 

t !  J !  
594 or 
584 

IMPEDANCE I 

- 
AC GROUND 

NET IMPEDANCE TO 
AC GROUND 

B - 

AC GROUND = 1350n 

C - 

Figure 22. Illustrating a step-by-step approach for analyzing the circuit between the output of the del 

line and the base of Q594 or Q584. (A)-The circuit between the output of the delay line and the bc 

of Q594 o r  Q584. (8)-The net impedance of the circuit in  (A) to the AC ground between the output 

the delay l ine and the base of Q594 or (2584. (C)-The input impedonce into Q594 or Q584 and the I 

impedance, os shown in (B), providing the terminating impedonce for the delay line. 

value of Iii,, is \vitIiin practical limits. Figure 
22 sho\vs ;i progressive l~rcalitlown of tliis 
11etworIc. 

Tliis net\vorlc will induce :1 loss bet\vecn 
, . the two s t a g s .  I lie signal is reduced in 

amplitude 1)y a f;ictor of 0.64 11ec:~use of the 
voltage tlividcr tict\vorli coiisisting of 57.6 St 
;end the p;ir:illel combination of 100 R, 
2800 11, and the input impetl:uncc into Q594 o r  
Q.584. 

Tlie g t in  of the output stage is 

You recall that tlie gain equation of a 
liytlrid cascode ;mplifier (refer  part 2, "Tlic 
Vacuum Tube Amplifier," Service Sr 
#43, .4pril 1967) must he multiplied by .. . 
pI:~te efficieticy factor ( 7 )  if the vacurlm 
tube is not x triode. T h e  plate efficiency 
factor (7)  normally varies f so111 bet~veen 0.7 
to 0.9. In  tliis case (*) is approximately 
0.9 - 0.88 to be exact. S o  finally, 

T h e  gain of the co~iipletc Type 545B 
vertical amplifier is 

A(,) (total) = 54.9 X 1.68 X 0.64 

Tliis brings to a close tliis series of three 
articles dealing \\.it11 a practical approach 
to tr;uisistor antl vacuutii-tuhe amplifiers. 
This  appro;ccli has Ivxn offered a s  a direct 
method of troul,le shooting and untlersta~i(l- 
ing circuits. Tlicrc a r e  limitations a s  tc 
a1)plic:ltion ;is \ve have seen. I-Iowevcr, t l i c ~ e  
limitntions (lo not impair tlie practical 
;lppro:~cli \ve must apply to our everyday 
mainten;ince antl trouble shooting problems. 



LIST O F  SYMBOLS 

~Eou t  Voltage gain defined as -- 
AE,,, 

Base spreading resistance (Tee 
Equivalent) 

The "Transresistance" resistance 
(re $. Rr) 

Collector resistance (Tee Equiva- 
lent) 

V b b  

v,, 
v c c  

Base voltage 

Supply voltage 

Collector to emitter voltage 

Average o r  quiescent value of plate 
voltage 

Plate supply D-C voltage 

Emitter resistance (Tee Equiva- 
lent) 

External Emitter resistance (refer 
to text) Average or  quiescent value of grid 

voltage 
The equivalent resistance between 
the signal source and the emitter 
terminal of the transistor in the 
common base configuration 

(alpha) The total forward current 
gain of the transistor as viewed 
from an external circuit. Normally 
defined as the ratio of I& 

Effective or maximum value of 
varying component of grid voltage 

Average or  quiescent value of cath- 
ode voltage Dynamic emitter resistance (beta) The small signal current gain 
Effective or maximum value of 
varying component of plate voltage 

Cathode resistance (refer to text) (delta) The change in the variable 
with which it is associated The impedance seen looking into 

the cathode of a vacuum tube and 
defined as 

(eta) Plate efficiency factor (refer 
to text) Mutual conductance 

rp + RL 1 --- - 
P + 1  

(if rp > > Rr.) 
gm (mu) Amplification factor 

Base current 

Collector current 

Emitter current 

Cathode current 

Plate current 

Load resistance 

Dynamic plate resistance 
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