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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. 
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Figure 1. Comparison of basic lead terminology of FET's, transistors, and vacuum tubes. 
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Figure 2. Comparison of an n-channel FET and a p-channel FET. 
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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. 
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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. 
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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. 
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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 



0.1 0.2 0.3 0.4 0.5 
volts -* E 

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. 
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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. 






