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Type 576

OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is
for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the manual
where they apply, but may not appear in this summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that
could result in damage to the equipment or other property.

WARNING statements identify conditions or practices that
could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediate-
ly accessible as one reads the marking, or a hazard to prop-
erty including the equipment itself.

DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

SYMBOLS

In This Manual

This  symbot indictes where applicable
cautionary or other information is to be found.

As Marked on Equipment
4 DANGER — High voltage.

@ Protective ground (earth) terminal.

A ATTENTION — refer to manual.

Power Source

This product is intended to operate from a power module
connected to a power source that will not apply more than
250 volts rms between the supply conductors or between
either supply conductor and ground. A protective ground
connection by way of the grounding conductor in the power
cord is essential for safe operation.

Grounding the Product

This product is grounded through the grounding conductor
of the power module power cord. To avoid electrical shock,
plug the power cord into a properly wired receptacle before
connecting to the product input or output terminals. A
protective ground connection by way of the grounding con-
ductor in the power module power cord is essential for safe
operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all
accessible conductive parts (inctuding knobs and controls
that may appear to be insulating) can render an electric
shock.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type,
voitage rating and current rating as specified in the parts list
for your product.

Refer fuse replacement to qualified service personnet.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an explo-
sive atmosphere unless it has been specifically certified for
such operation.

Do Not Operate Without Covers

To avoid personal injury, do not operate this product
without covers or panels installed. Do not apply power to
the plug-in via a plug-in extender.

ADD JAN 1984
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Type 576

SECTION 1
SPECIFICATION

Change information, if any, affecting this section will be found at the rear of the manual.

The Type 676 Curve Tracer is a ¢ narmic sericondustor
tester which allows display and meas_rerment of character-
istic curves of a varicty of two and tree terminal devices
including bipolar transistors, ficid efiaot transistors, MOS-
FETs, silicon controlled rectifiers and uniiunction transis-
tors. A variety of possible measurerants is available using
either grounded emitler or groonded base configurations.
The instrument has available either an AC or a DO collector
supply voltage ranging from O te =7500 volis, The step
generator produces either current or voltage steps. Step gen-
ergtor ouiputs range from 5 nA in the current mode, and
from 5 mV t0 40 V in the voltage mode. The steps may also
be produced as short duration pulses. Calibrated step offset
allows offsetting the step generator output aither positive

TABLE 1-1
ELECTRICAL CHARACTERISTICS

Collector Supply
Performance

Characteristic

Normal mode: AC {(at line fre-
quency); positive-or negative-going
full wave rectified AC

Sweep Modes

DC mode: positive or nagative DC.

No-load: 2% or less of voltage, or
0.1% or less of full range voitage.

DC Mode Ripple

Voltages
Accuracy Peak open circuit voltages on afl
ranges within +35% and —5%.
Ranges 1h vV 75V 350V (1600 v

Maximum Peak
Current {Normali
Mode} 10 4 2A 05A (D1 A

Peak Current {Step
Generator in Pulsed | At least | At least | At least | At least
Steps Mode) 20 A 4 A 1A 02 A

Minimum Series

Resistance 038 IBHIL 40% |3k
Maximum Scries
Resistance 6h k 1.4 R 6.5 B |65 M2

or negative. The vertical display amplifier measures either
coliector current or ieakage current with a maximum de-
flection factor of 1 nA/division when making a leakage
measurement. The horizontal display ampiifier allows meas-
urement of both collector and base voltage.

The following electrical and environmental character-
istics are valid for instruments operated at an ambient tem-
perature of from 0° C to +50° C after an initial warmup
period of 5 minutes, when previously callbrated at & tem-
perature of +26° C, +5° C. Section 5, Performance Check
and Calibration Procedure, gives a procedure for checking
and adjusting the Type 576 with respect to the following
specification,

038, 1.4 &, 658,300, 140 %,
650 &, 3 ki, 14 k&2, 65 ki, 300
KiZ, 1.4 M and 6.5 MQ, all within
5% or 0.1 &,

Series Resistance
Available

Peak Power Watts 0.1 W, 0.5 W, 22 W, 10 W, 50 W
Settings and 220 W, ali within 25%.

When MAX PEAK VOLTS switch is
set to either 75, 350 or 1500, a pro-
tactive box must be in place over
test terminats and its lid closed be-
fore voitage can be applied. Amber
light on indicates interlock is open.
Red light an indicates voltage is he-
ing applied to test terminals.

Safety Interlock

Looping Compensation|Cancels stray capacitance betwesn
collector test terminal and ground
in Standard Test Fixture and all
Standard Test Fixture Accessories.

Step Generator

Accuracy {Current or
Voltage Steps, Includ-

ing Offset)
Incremental Within 5% between any two steps,
Accuracy without 1X STEP MULT buttcn

pressed; within 10% with 1 X STEP
MULT bution pressed.

1-1



Specification—Type 576

Absolute
Accuracy

Within 2% of total output, includ-
ing any amount of offset, or 1% of
AMPLITUDE switch setting, which-
ever is greater.

Step {(Current or
Voltage) Amplitudes

One times or 3.7 times {with .1X
STEP MULT button pressed} the
AMPLITUDE switch setting.

OFFSET MULT Range

Continuously variable from 0 1o 10
times AMPLITUDE switch setting,
either ziding or opposing the step
generator polarity.

Current Mode

AMPLITUDE
Switch Range

200 mA to 50 nA, in 1-2-5 se-
guence.

Maximum Current
(Steps and Aiding
Offset)

20 times AMPLITUDE switch set-
ting, except 10 times switch setting
when switch is set to 200 mA, and
15 times switch setting when the
switch is set 1o 100 mA.

Maximum Voltage
(Steps and Aiding
Offset)

Atleast 10 V.

Maxirnum Opposing

Offset Current

10 times AMPLITUDE switch set-
ting, or hetween 10 mA and 20
mA.

Maximum Opposing

Voltage

Between 1V and 3 V.

Ripple Plus Noise

0.5% or less of AMPLITUDE switch
setting or 2 nA, peak to peak.

Voltage Mode

AMPLITUDE
Switch Bange

2V 1o 50 mV, in 1-2-5 sequence.

Maximum Voltage
(Steps and Aiding
Offset)

20 times AMPLITUDE switch set-
ting.

Maximum Current
{Steps and Aiding
Offset}

At least 2 A at 10 V or less, de-
rating linearly to 10 mA at 40 V.

Short Circuit Cur-

rent Limiting (Steps

and Aiding Offset)

20 mA, 100 mA, 500 mA and 2 A,
all within +40% —0%, as selecied by
CURRENT LIMIT switch.

Maximum Opposing
Offset Voltage

10 times AMPLITUDE switch set-
ing.

Maximum Opposing
Current

Limited between 10 mA and 20
mA

Ripple Plus Noise

0.5% or less of AMPLITUDE switch
setting, or 2 mV, peak to peak.

Step Rates

(Front panel RATE button labels in
parentheses.) 1 times {.5X}, 2 times
(NORM) and 4 times {(2X) line fre-
quency. Steps occur at zero collec-
tor voltage when BX or NORM
RATE bhuttons are pressed, and also
at peak voltage when ZX RATE
button is pressed. Steps occur at
collector voltage peask when .5X
and NOBM RATE buttons are
pressed together.

Pulsed Steps

Pulsed steps 80 s or 300 us wide
within +20%, —5% produced when-
ever one of the PULSED STEPS
buttons is pressed. Pulsed steps can
be produced only at normal and .5
times normal rates. Collector Sup-
ply mode automatically becomes
DC when either the 80 Uus PULSED
STEPS butions are pressed uniess
POLARITY switch is set to AC. If
both 80 ws and 300 ps PULSED
STEPS buttons are pressed 1to-
gether, 300 gs pulsed steps are pro-
duced, but collector supply mode
does not change.

Steps and Offset
Polarity

Corresponds with collector supply
polarity {positive going when PO-
LARITY switch is set 1o AC) when
the POLARITY INVERT button is
released. |s opposite collector sup
ply polarity (negative-going in AC}
when either the POLARITY IN-
VERT button is pressed or the
Lead Selector switch is set to BASE
GROUNDED. H {ead Sclector
switch i3 set to BASE GROUND-
ED, POLARITY INVERT button
has no effect on steps and offset
polarity.
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Step Familios

Repetitive families of characteristic
curves generated with REP STEP
FAMILY button pressed. Single
family of characteristic curves gen-
erated each time SINGLE STEP
FAMILY hutton is pressed.

Number of Steps

Ranges from 1 10 10 as selected by
the NUNMBER OF STEPS switch.
For zero steps, press SINGLE STEP
FAMILY button.

Display Amplifiers

lector Current

Display Accuracies Display magnified {DIS- Display
{%0f Highest Gn- PLAY OFFSET Selec- Unmag-
Screen Value) tor switch set to either nified
VERT 10 or HORIZ
X10 and offset between
100 and| 35 and | 10 and
40 divi- { 15 divi- | O divi-
stons Sions SIoNs
Normal and DC
Collector Supply
Modes '
Verticat Col- 2% 3% 4% 3%

External Vert-
ica! {Through
Interface)

2% 3% 4% 3%

Horizontal Col-
lector Volts

2% 3% 4% 3%

Horizontal Base
Volts

2% 3% 4% 3%

External Hori-
zontal (Through
Interface)

2% 3% 4% 3%

Leakage Coliector
Supply Mode

Vertical Emitter
Current {VERT-
ICAL Switch set
between 10 nA
and 2 mA)

3% %1

2% 1 3% 21| 49
nA nA nA ja¥aN

=R
I+
-

Specification—Type 576

Vertical Emitter
Current (VERT-
ICAL Switich
settobnA, 2z
nA or T nAj Not Applicabie 5% *1nA
Horizontal Col-
lector or Base
Volts VERT-
ICAL Switch
setto 1 LA
or more 2% 3% 4% 3%
100 nA, 10 nA | Not Applicable 3% +
or 1 nA 0.025 v
for each
vertical
division
of deflec-
tion on
the CRT
500 nA, B0 nA | Not Applicable 3% plus
or 5 nA 0.125
far each
vertitical
division
of deflec-
tion on
the CRT
200 nA, 20 nA | Not Applicable 3% plus
or 2 nA 0.050
for each
veriical
division
of deflec-
tion on
the CRT
Step Generator
Display
Vertical Step 3% 4% 5% 4%
Generator
Horizantal Step 3% 4% 5% 4%
Generatar
Deflection Factors
Vertical
Collector Current | 1 pA/division to 2 A/division in

1-2-5 sequence.




Specification—Type 576

Emitler Current

1 nA/division 1o 2 mA/division in
1-2-5 sequence.

Step Generator

1 step/division.

Horizontal
Collector Volis

50 mV/division to 200 V/division
in 1-2-b sequence

Base Volts

50 mV/diviston to 2 V/division in
12 5 sequence.

Input Imped-
ance

At least 100 M with HORIZON-
TAL switch set to 50 mV, 100 mV
and 200 mV BASE; 1 M§{ within
2% with switch set 10 .5V, 1V and

Step Generator

1 step/division

Displayed Noise

MAX PEAK VOLTS Switch

Vertical
15 75 350 1500
COLLECTCR 0.2 A |05 AL 2 pA
EMITTER 01nal02nA|050nA T TnA
Horizonial % or less, or 3 mV peak to peak.

Calibration Check

With DISPLAY OGFFSET Selector
switch set to NORM {OFF), spot is
deflected 10 divisions both vert-
ically and horizontally within 7.5%
whenever the CAL button is pres-
sed.

With DISPLAY QOFFSET Selector
switch set to X10 MAGNIFIER
(either axis) the calibration spot 1s
within 0.5% of zero spot (previous
ly set to CRT graticule center}
when CAL button is pressed.

Vertical and Horiz-
antal Position Controls

Coarse positioning in b division in-
crements within 0.1 division; con-
tinuous fine posittoning over at
least 5 divisions for each coarse pos-
ition,

Display Offset

Vertical or Horizontal offset of dis-
play centerline vatue up 1o 10 divis-
ions in 21 half division steps.

CRT and Readout

CRT
Type Electrostatic deflection.
Screen Size Calibrated area of 10 divisions by
10 divisions; 12 usable divisions
horizontally (1 division eguais 1
cmy.
Readouts Automatic digitally lighted disptay.

Readout is automatically blanked if
readings would be outside the avail-
able ranges or would give erroneous
display.

PER VERT DIV

T nA to 20 A calculated from
VERTICAL switch settings, DIS-
PLAY OFFSET Selector switch set-
tings, MODE switch settings (or
X110 Vertical Interface Input).

PER HORIZ DIV

5 mV to 200 V calculated from
HORIZONTAL switch setting and
DiSPLAY OFFSET Selector switch
setting

PER STEPS

5 nAto 2A and 5 mV to 20 V cal-
culated from AMPLITUDE switch
setting and .1X STEP MULT but-
ton position {or X10 Step Interface
Input). ’

Borgy, PER DIV

1 L to 500 k calculated from VER-
TICAL switch sctting, DISPLAY
OFFSET Selector switch setting,
AMPLITUDE switch setting, .1X
STEP MULT button position, X10
Vertical Interface Input and X10
Step Interface Input.

Po

wer Requirements

Power Connecction

This instrument s designed Tor
operation fraom a power source with
its neutral at or near ground (earth)
potential. 1t is not intended for
operation from two phases of a
multi-phase system, or across the
legs of a single-phase, three wire
system.
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It s provided wdith o threoo-wire
power cord il a three-terminal
polarized plun for connection o
Lhe povser source. The third wire is
directly connected to the insiru-
ment frame, end 5 inlended to
ground the instrument to protect
operating personnel, as recommend-
ed by national and international

safety codes,

Vibration
Operating

15 minutes along cach axis a1 0.015
inch with frequency varied from
10-50-10 ¢fs in T-minute cycles.
Thres minutes at any resonant
point or at 50 ¢/s.

Shock

Nonoperating

30 g's, 1/2 sine. 11 ms duration, 1
shock per axis. Total of 6 shocks

1 i
Lire Voltage Ranges | 230 VAC 115 VAC Transportation 12 inch package drop. Qualified un-
Low 0Vt 110V 180 V10220 V der the National Safe Transit Com-
Medium 104V 11 126 v 208 V to 252 vV mittee test prOCedure 1A,
High 112 Vi l138 VvV 228NV 10272 V
Line Frequency Range |48 to 66 Hz " TABLE 1-3
MECHANICAL CHARACTERISTICS
Maximum Power 305W, 32 A
Consurmption at 115 Characteristic Description
VAC, 60 Hz
Dimensions
Table 1-2 Height 15 inches
ENVIRONMENTAL CHARACTERISTICS Width 17172 inches
Depth 23 inch
Characteristic Information P 3 inches
Temperature Weight 69 ihs.
Nonoperating —40°C 10 +65°C
Finish

Useful Operation

0°C to +50°C

Specified Operation

+10°C 10 +40°C

Altitude
Nanoperating

To 50,000 feat

Operating

To 10,000 feet

Front Pane! (Type
576 and Standard
Test Fixture)

Anodized Aluminum

Cabinet

Blue vinyl painted aluminum

Trim and Rear
Panel

Satin finished chrome

1-b






Type 576

SECTION 2
OPERATING INSTRUCTIONS

Change information, if any, affecting this section wil} be found at the rear of the manual.

General

This section of the instruction manual provides informa-
tion recessary for operating the Type 576 and for using it
to test various semiconductor devicss. Included are setup
procedures, a description of the Type 576 controls and
conneciors, & discussion of the theory of the instrument, a
first time operation procedure, and generat operating infor-
mation. Also included is a section describing the use of the
Type 576 for measuring the characteristics of various semi-
conductor devices.

INITIAL CONSIDERATIONS

Cooling

The Type 576 maintains a safe operating temperature
when operated in an ambient ternperature of 0° C {32° F)
to 50° C (122° F). Adequate clearance on all sides of the
instrument showd be provided to assure free air flow and
dissipation of heat away from the instrument. A thermal
cutout in the instrument provides thermal protection by
disconnecting the power 1o the instrument if the internal
temperature exceeds a safe operating level. Power is auto-
matically restored when the temperature returns to a safe
level.

Operating Voltage and Frequency

The Type 576 can be operated from either a 1 15-volt or
a 230volt line voltage source. The LINE VOLTAGE SE-
LECTOR assernbly, located on the rear panel, allows con-
version of the instrument so that it may be operated from
one line voltage or the other. in addition, this assembly
changes the connections of the power transformer primary
to allow selection of one of three regulating ranges (sec
Tabie 2-1). The assembly also includes the two line fuses.
When the instrument is converted from 115-valt to 230-valt
operation or vice versz, the assembly selects the proper fuse
1o provide the correct protection for the instrument.

The Type 576 may be operated from either a b0 Hz or a
60 Hz linc frequency. The 60 Hz-b0 Hz switch located on
the Type 576 rear panel, below the LINE VOLTAGE SE-
FECTOR assembly, ailows conversion of the instrument for
operation with one frequency or the other.

Use the foliowing procedure to convert this instrument
between line voltages, regulating ranges or line frequencies:

1. Disconnect the instrumaent from the power source,

TABLE 21

Regulating Ranges

Regulating Range
115 Volts 230 Volts
Nominal Nominal

30 1o 110 volts 180 to 220 valts

Range Selector
Switch Position

LO {switch bar in

feft holes)

M {switch bar in 104 10 126 volits 208 to 252 volts
middle holes}

H1 {switch bar in 112 to 136 volts 224 to 272 volts
right holes)

2. Loosen the two captive screws which hold the cover
onto the voltage selector assembly, then pull to remove the
cover.

3. To convert from 115-volt to 230-volt line voltage or
vice versa, pull out the Voltage Selector switch bar (see Fig.
2-1); turn it 180° and plug it back into the remaining holes,
Change the lHne-cord power plug to match the power-source
receptacle or use a 115-10-230-volt adapter.

+116-Volt Line
" Fuse (Top}

WATTS paax; 305
ANPE  pan 32

Cowar sz i
50 Hz Switch

Fuse (Bottom)

Fig. 2-1. Line Voltage Sclector assembly and 60 Hz-50 Hz switch
on the rear panel (shown with cover removed).

21
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CRT and Readout

s,

TYPE §76 CURVE TRACER

TeeeN T g RTLEND PAYGON L % &

Display Sensitivity
and Switching

Step Generator

5 .
"3 SERIES ™ s ae
3 RESISTORS

o

Collector Supply

PAABED STEPE-Sy

Terminal Selector
Switch

oureuT et mRaUNT

Standard Test
Fixture

Fig. 2-2, Front-panel controls, connectors and readout.



4. To change rogulating ranaes, pull out the Rango Se-
lector switch bar {sec Fig. Z-T4 zlide 1t o the desired posi-
ton and plug il bock in. Select a range which is centarod
aboul the average line voltage 1o which the instrument is 1o
be connected {see Table 2-1).

5. Re-install the cover and lighten the two captive
SCrews,

6. To convert from 60 Mz to B0 Hz line frequency {or
vice versa), slide the 60 Hz-60 Hz switch (see Fig. 2-1) from
its 60 Hz position 1o its B0 Hz pasition,

7. Before applying power to the instrument, check that
the indicating tabs on the switch bars are protruding
through the correct holes in the voltage selector assembly
cover for the desired line voltage and regulating range.

CAUTION

The Type 576 shouid not be operated with the Vol-
tage Selector switch, the Range Selector switch or the
60 Hz-50 Hz switch in the wrong position for the line
voltage and frequency applied. Operation of the in-
strument with any one of these switches in the wrong
position will cause incorrect operation and may
damage the instrument.

CONTROLS, CONNECTORS AND READOUT

All controls and connectors required for normal opera-
tion of the Type 576 are located on the front and rear
panels of the instrument and on the front panel of the
standard test fisture {see Figs. 2-2 and 2-3). In addition,
readout of some of the instrumeant functions has beer pro-
vided on the front panel. Famiiiarity with the function and
use of each of thase controls, connectors and the readout is
necessary for effective operation of the instrument. The
functions are described in the following table.

CRT and Readout

Controls

INTENSITY Controls brightness of display.

Control

FOCUS Provides adjustment for optimum dis-
Control play definition.

READCUT Controls brightness of readout.

ILLUM

Control

SCALE TLLUM Controls graticute illumination.

Controi

Connector

CAMERA Provides +15 volts for operation of
POWER camera.

Connector

®

Operating Instructions—Type 576

Fig. 2-3. Rear-panel controls.

Readouts

PER VERT
DIV Readout

PER HORIZ
DIV Readout

PER STEP
Readout

g OR gm
PER DIV
Readout

Readout indicates deflection factor of
vertical display as viewed on CRT.

Readout indicates deflection factor of
horizontal display as viewed on CRT.

Readout indicates amplitude per stop
of Step Generator outpul.

Readout indicates beta aor trans-
conductance per division of CRT dis-

play.

Display Sensitivity and Positioning

VERTICAL

CURRENT/DIV

Switch

Selects vertical deflection factor of dis-

olay.
COLLECTOR—Normal operation
of instrumernit. Vertical display rep-
resents collector current. Use black
units to deiermine vertical defiec-
tion factor.
EMITTER—Operation of instru-
ment with MODE switch set to
LEAKAGE (EMITTER CUR-
RENT). Vertical display ropresents
ermitter current. Use orange units to
determine vertical deflection facter.
STEP GEN-—3teps indicating Step
Generator output ard displayed ver-
tically. AMPLITUDE switch setting
per division determines vertical ce-
flection factor.

2-3



Cperating Instructions—Type 576

DISPLAY OFFSET Allows selection of display offset or

Selector Switch

CENTERLINE
VALUE Switch

HORIZONTAL

VOLTS/DIV
Switch

ZERO Button

display offset and magnification.

NORM (OFF}—Display offset is not
operable.

HORIZ X1—=Allows horizontal dis-
play 1o be offset using calibrated
CENTERLINE VALUE swiich.
VERT X1-—Allows vertical display
to be offset using calibrated CEN-
TERLINE VALUE switch.

HOR1Z Xi0—Horizontai display
magnified by 10 times. Allows hori-
zontal display to be offset using
calibrated CENTERLINE VALUE
switch,

VERT X10--Vertical display magni-
fied by 10 times. Allows verticat
display to be offset using calibrated
CENTERLINE VALUE switch.

{Clear pilastic flange with numbers on
it} Provides calibrated offset of dis-
play,

X1 (VERT or HORIZ)—Number on
CENTERLINE VALUE switch
appearing in blue window repre-
sents number of divisions centerline
of display is offset either vertically
or horizontally from zero offset
line.

X170 {VERT or HORIZ)—Number
on CENTERLINE VALUE switch
appearing in blue window multi-
plied by 10 represents number of
divisions centerling of display is off-
set either vertically or horizontally
from zero offset line.

Selects the horizontal deflection factor
of display.

COLLECTOR—Horizontal display
represents collector voltage to
ground.

BASE—Horizontal display repre-
sents base voltage 16 ground.

STEP GEN-Steps indicating Step
Generator output are displayed
horizontally. AMPLITUDE switch
setting per division determines hori-
zontal deflection factor,

Provides a zero reference for the dis-
play.

NORM—When DISPLAY QFFSET
selector switch is set to NORM
{OFF), ZERQO button provides
point on CRT of zero vertical and
horizontal deflection for adjusting
nosition contrals.

DISPLAY QOFFSET-When DIS-
PLAY OFFSET Selector switch is
in one of four display offset posi-
tions, ZERQO button provides ref-
erence point on CRT which must
be positioned to vertical centerline
{horizontal offset} or to horizontal
centerline {vertical offset} to insure
that the CENTERLINE VALUE
switch setting applies to centerline.
(Should always be checked with
DISPLAY OFFSET Selector switch
is set to MAGNIFIER.}

CAL Button Provides signal which should cause 10
divisions of vertical and horizontal de-
flection for checking catibration of
vertical and horizontal amplifiers.

NORM—When DISPLAY OFFSET
selector switch is set to NORM
{OFF}, CAL button provides point
on CRT of 10 divisions of vertical
and horizontal deflection.

s DISPLAY OFFSET—When DIS-
PLAY OFFSET Selector switch is
in one of four display offset posi-
tions, CAL button provides signal
which should cause reference point
on CRT to appear on vertical cen-
terline (horizontal offset) or on
horizontat centerline {vertical off-
set), assuming zero reference point
was properly adjusted. (Check
should be performed. with DIJS-
PLAY OFFSET Selector switch set
to MAGNIFIER.)

DISPLAY INVERT Inverts display vertically and horizon-
Button * tally about center of CRT.

POSITION Switch Provides coarse positioning of horizon-
{(Horizontal) tal display.

FINE POSITION  Provides fine positioning of horizontat
Control display.
{Horizontal)

POSITION Switch  Provides fine positioning of vertical
(Vertical) display.

FINE POSITION Provides fine positioning of vertical
Control {(Verticall  dispiay.

COLLECTOR SUPPLY
Controls

MAX PEAK Selects range of VARIABLE COLLEC-
VOLTS Swilch TOR SUPPLY control. Switch is ioca-
ted beiow PEAK POWER WATIS

@
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switch and rance is indicated by white
arrow. When svitch is set 1o 75, 350
and 1500, protwctive box must be used
with Standard Test Fixtures (see soo-
tion on interiock systern).

PEAK POWER Selects maximum peak power outpui

WATTS Switch allowed by Collector Supply, by selec-
ting resistance in series with Collectior
Supply output. PEAK POWER
WATTS is indicated by number on
transparent switch flange appearing
above white MAX PEAK VOLTS indi-
cator. SERIES RESISTORS are indica-
ted by blue indicator. PEAK POWER
WATTS switch must be pulled out to
set maximum peak power output.
When PEAK POWER WATTS is set,
series resistance is automatically
changed to maintain desired maximum
peak power output when MAX PEAK
VOLTS svritch setting is changed.

VARIABLE COL- Allows varying of collector supply
LECTOR SUPPLY voltage within range set hy MAX
Contro! PEAK VOLTS switch.

POLARITY Switch Selects polarity of Coliector Supply
voltage and Step Generator cutput.
—(PNP}—Collectar Supply voltage
and Step Generator output are
negative-going.
+(NPN)—Collector Supply voltage
and Step Generator output are
positive-going.
AC—Coltector Supply voltage is
both positive- and negative-going
{sine wave}; Step Generator output
IS positive-going. When switch is set
to AC position, use .5X step rate
and normal mode of operation.

MODE Switch Selects mode of operation of Coilector
Supply.

NORM~—Normal Coliector Supply
cutput is obtained.
DC (ANTILOOP)—Collector Sup-
ply output is DC voltage equal to
peak value set by VARIABLE COL-
LECTOR SUPPLY control.
LEAKAGE (EMITTER CUR-
RENT)—Vertical sensitivity is in-
creased 1000 times. Vertical ampli-
fier measures emitter current. Col-
lector Supply mode set for DC volt-

age output.
LOOPING Allows adjustment of looping compen-
COMPENSATICON  sation. Allows compensation of inter-
Control nal and adapter stray capacitance.

®

COLLECTOR
SUPPLY RESET
Button

POWER ON-OFF
Switch

Lights
POWER Light

COLILECTOR
SUPPLY VOLT-
AGE DISABLED
Light

Operating Instructions—Type 576

Does not compensate for dovico ca-
pacitance.

Resets Collector Supply il it has boen
disabled by internal circuit breaker.
Collector Supply is turned off when-
ever maximurm current rating of trans-
former primary of 1.2 Amperes is ex-
ceeded.

Controls input power to instrument.

Lights when power is on.

Indicates Ceilector Supply valtage has
been disabled. Lights when Collector
Supply may present a potentially dan-
gerous voltage at s output. Use of
protective box is required to enable
Collector Supply.

STEP GENERATOR

Controls

NUMBER OF
STEPS Switch

CURRENT
LIMIT Switch

STEP/OFFSET
AMPLITUDE
Switch

QFFSET
Buttons

OFFSETMULT
Control

STEPS Button

Selects number of steps per family of
Step Generator output.

Provides current timit of the Step Gen-
erator output when voltage steps are
being produced.

Selects amplitude per step of steps
and offset of Step Generator cutput.
Amplitudes within black arc represent
current steps; within yellow are, volt-
age steps. Note caution on front-panel
when using voltage steps.

Allows offsetting of Step Generator

output using OFFSET MULT control.
ZERO—No offset available.
AlD—Allows zero step of Step Gen-
erator output to be offset as many
as 10 steps above its zerg offset
level.
OPPOSE—Allows zero step of Step
Generator output 1o be offset as
many as 10 steps below its zero off-
set level.

Provides calibrated offset of from zero
to +10 times AMPLITUDE setting
when OFFSET AID or OFFSET OP-
POSE buttons are pressed.

Provides steps of normal duration

(step lasts for entire period of rate
cycle).
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PULSED STEPS
Buitons

STEP FAMILY
Buttons

RATE Buttons

STEP/OFFSET
POLARITY IN-
VERT Button

STEP MULT 1%
Bution

Controls

Terminal Selector
Switch

2-6

Atlows Step Generator oulputl to be
applicd to Device Under Test {or anly
a portion of normal step duration.
Puilsed steps occur et peak of Collector
Supply output.
300 us—Selects pulsed steps with
duration of 300 ps. Collector Sup-
ply is automatically swilched to DC
mode.
80 ps—Selects pulsed steps with
duration of 80 ps. Collector Supply
is automatically switched to DC
mode.
300 ps and 80 ps—When buttons
are pressed together, sefects pulsed
steps with duration of 300 s; how-
ever, Collector Supply is not auto-
matically switched to DC mode.

Allows steps to be generated in repeti-

tive families or one family at a time.
ON REP-—Provides repetitive Step
Generator output.
OFF SINGLE—Provides one family
of staps whenever button is pressed.
Once button has been pressed, Step
Generator is turmed off until
pressed again or untit ON REP but-
ton 18 pressed.

Selects rate at which steps are genera-
ted.
NORM—Provides normal Step Gen-
erator rate of 1X normal Collector
Supply rate {120 steps per second
for 60 Hz line frequency).
2X—Provides rate of two times nor-
mal rate.
BX—Provides rate of one half nor-
mal rate.
2X and 5X—Provides normal rate
but with step fransitions occurring
at peak of Collector Sunply sweep.

Allows change of polarity of Step Gen-
erator output {from polarity set by
POLARITY switch).

Provides 0.1 times multiplication of
step amplitude, but does not effect
offset.

Standard Test Fixture

Selects the way in which Step Gener-
ator is applied to the Device Under
Test. In all positions the Collector
Supply output is connected to Collec-
tor terminal.

EMITTER CROUNDED—Emitter
of Device Under Test is connaected
to ground.
STEP GEN (NORM)—5Step Gen-
erator is applied to base terminal
of Device Under Test. Normal
operating position.
OPEN (OR EXT)—Base terminal
of Device Under Test open. Ex-
ternai signal applied to EXT
BASE OR EMIT INPUT connec-
tor, will be applied 1o base ter-
minal.
SHORT—Base terminal of De-
vice Under Test is shorted to
emitter terminal.
BASE GROUNDED—Base terminal
of Device Under Test is connected
to ground. Step Generator polarity
is inverted.
OPEN (OR EXT}—Emitter ter-
minal of Device Under Test is
open. External signal applied to
EXT BASE OR EMIT INPUT
connector, will be applied to
emitier terminal.
STEP GEN—lnverted Step Gen-
erator output is applied to emit-
ter of Device Under Test.

LEFT-OFF-RIGHT Selects which device {choice of 2} is to

Switch

INTERLQCK
Switch

Connectors

Adapter
Connectors

STEP GEN OUT
Connector

EXT BASE QR
EMIT INPUT
Conngctor

be tested, left or right.

Enables Collector Supply when Protec-
tive Box is in place and lid is ¢closed.

Allows connection of various adapters
to Standard Test Fixture. Connectors
will accept standard size banana plugs
it seme other means of connecting De-
vice Under Test to Standard Test Fix-
ture is desired. C, B and £ stand for
collector, base and emitter, respec-
tively. Unlakeled terminals altow Kel-
vin sensing of voltage for high current
devices.

Step Generater output signal appears
at this connector,

Allows input ot externally generated
signal to either base termingl or emit-
ter terminal of Device Under Test as
determined by Terminal Selecior
Switch.



Provides oiernal access 1o around rol-
orenoo,

GREOUND
Conneclor

Light
Caution Light Red light on, indicates Collector Sup-
ply is enabled and dangerous voltage

may appear at collector terminals.

Rear Panel
Controls
Switch assembly selects op-

erating voltage and line voltage range.
Also includes line fuses.

line Voltage
Selector Switches

Voltage Selector—Selects operating
voltage 1115V or 230 VY,
Range Selector—Selects line voltage
range {lowy, medium, high).
60 Hz-50 Hz Selects aperating line frequency.
Switch

FRONT PANEL COLORS

The various colors on the front-panel of the Type 576
and Standard Test Fixture indicate relationships between
controls and control functions. Table 2-2 shows the rela-
tionship which each color indicates.

Table 2-2
Colors and Controls

Color Relationship

Green Indicates controls which affect the
Step Generator polarity.

Biue indicates controls and statements as-
sociated with display offset.

Orange Indicates relationship of LEAKAGE
(EMITTER CURRENT} rmode with
the VEBT!CAL and HORIZONTAL
switches.

Yellow Indicates controls and statermenis as-

sociated with the voltage mode of op-
eration of the Step Generator.

Indicates function controlled by a
singie button, which is released for
most commaon applications.

Black (Buttons)

Indicates function controlled by sever-
al buttons, and the dark grey button is
pressed for most common applica-
tions.

Dark Groy
(Buttons)

QOperating Instructions—T ype 576

PRECAUTIONS

A number of the Type 578 front-pancl controts conid,
through rmproper use, cause damaae 10 the deviee under
test. Fig, 2-4 indicates the area of the Type 576 front pane
where these contrals are located. Care should be exercisod
when using controls located in this area.

Fig. 24. Area of Type 576 front-panel with controls which could
cause damage to a device under test if used improperly.

GENERAL DESCRIPTION OF INSTRUMENT
OPERATION

The Type 576 is a dynamic semiconductor testor which
displays and allows measurement of simiconductor charac-
teristics obtained under simulated operating conditions.
The Cotlector Supply and the Step Generator produces
voltages and currents which are applied to the device under
test. The display amplifiers measure the effects of these
applied conditions on the device under test. The result is
families of characteristics curves traced ona CRT.

The Collectar Supply circuit niormally produces a full-
wave rectified sinc wave which may be either positive- or
negative going. The ampiitude of the signal can be varied
from O 0 1500 volts as determined by the MAX PEAK
VOLTS switch and the VARIABLE COLLECTOR SUPPLY
YOLTS control. This Collector Suppiy output is applied ta
the ollector (or equivalent] terminal of the device under
test.

The Step Generator produces ascending steps of current

or voltage at a normal rate of one step per cycle of the
Collector Supply. The amcunt of current or voltage per
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hen

Collector
Supply

Step
Generator

Horizontal
Amplifier

AN

>

Horizontal
Deflection Plates

1

Verticat /
Amplifier \/

4 |

Vertical
Deflection
Plates

Current
Sensing
Resistor

Fig. 2-5. Basic Block diagram showing typical connections of Collector Supply, Step Generator and Display Amplifiers to the device under

test.

step is controlled by the AMPLITUDE switch and the total
number of steps is controlled by the NUMBER OF STEPS
switch, This Step Generator output may be applied to
either the base or the emitter {or equivalent) terminals of
the device under test.

The display amplifiers are connecied to the device under
test, These amplifiers measure the effects of the Collector
Supply and of the Step Generator on the device under test,
amplify the measurements and apply the resulting voltages
to the deflection plates of the CRT. The sensitivities of
these amplifiers are controlled by the VERTICAL CUR-
RENT/DIV switch and the HORIZONTAL VOLTS/DIV
switch,

Fig. 2-5 is a biock diagram showing the conneciion of
these circuits to the device under test for a typical measure-
ment,

FIRST TIME OPERATION

When the Type 576 is received, it is calibrated and
should be performing within the specification shown in Sec-
tion 1, The following procedure allows the operator to be-
come familiar with the front panel controls and their func-
tions as well as how they may be used to display transistor
or diode characteristics, This procedure may alsc be used as
a general check of the instrument’s performance. For a
check of the instrument’s operation with respect 1o the
specification given in Section 1, the Performance Check and
Calibration Procedure in Section 5 must be used.

2-8

1. Apply power to the Type 576.

2. Allow the instrument to warm up for a few minutes.
Instrument should operate within specified tolerances 5
minutes after it has been turned on.

3. Set the Type 576 and Standard Test Fixture front-
panel controls as fotlows:

READCUT ILLUM Fully counterclockwise

GRATICULE ILLUM Fully counterclockwise

INTENSITY Fully counterclockwise
FOCUS Centered

VERTICAL 1T mA

DISPLAY OFFSET NORM (OFF)}

Setector

CENTERLINE VALUE O
HORIZONTAL 1V COLLECTOR
Vertical POSITION Centered
Vertical FINE POSITION Centered

Horizontal POSITICON Centered



Horizontal Centernd
FINE POSITION

ZERO Feleasad
CAL Released
DISPLAY INVERT Released
MAX PEAK VOLTS 15
PEAK POWER WATTS 0.1

VARIABLE COLLEC-

Fully Counterclockwise

TOR SUPPLY

POLARITY AC

MODE NORHE
LOCPING Asis
COMPENSATION

NUMBER CF STEPS 1
CURRENT LIMIT 20 mA
AMPLITUDE 0.5 pA
OFFSET ZERC
STEPS Pressed
PULSED STEPS Released
STEP FAMILY REP ON
RATE NORM
POLARITY INVERT Not pressed
STEPMULT .1X MNot pressed

Terminal Selector

LEFT-OFF-RIGHT

BASE TERMINAL
STEPS (NORM)

OFF

CRT and Readout Controls

4 Turnthe GRATICULE LLUM contral throughout its
range. Note that the graticule lines become illuminated as
the control is turned clockwise. Set the contro! for desired

illumination.

5. Turn the READOUT ILLUM control throughout its
range. Note that the fibar-optic readouts and the titles be-
corme illuminated as the control is turned clockwise. Set the
control for the desired readout illumination. The readoul
should read for these initial conirol settings; 1 mA per ver-

®
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tical division, 1 V nper herizontal division, 50 nA per step
and 20 k f# or gm per division.

G. Turn the INTENSITY control clockwise until a spot
appears at the center of the CRT graticule. To avoid burn-
ing the CRT phosphor, adjust the INTENSITY control until
the spot is easily visible, but not overly bright.

7. Turn the FOCUS control throughout its range. Ad-
just the FOCUS control for a sharp, well-defined sport,

Positioning Controls

8. Turn the vertical FINE POSITION control through-
out its range. Note that the control has a range of at least
£2.5 divisions about the center horizontal line. Set the con-
trol so that the spot is centered vertically on the CRT grati-
cule.

9. Repesat step 8 using the horizontal FINE POSITION
control.

10. Turn the vertical coarse POSITION switch. Note
that the spot moves 5 divisions vertically each time the
switch is moved one position, (The most extreme positions
of the switch represent 10 divisions of deflection, which in
this case causes the spot to be off the CRT graticule.) Set
the POSITION switch to the center position.

11. Repeat step 10 using the horizontal coarse POSI-
TION switch.

12. Set the POLARITY switch to —{PNP). Note that
the spot moves to the upper right corner of the CRT grati-
cule.

13. Set the POLARITY switch to +{NPN). Note that
the spot moves to the lower left corner of the CRT grati-
cule.

Vertical and Horizontal Sensitivity

14. Install the diode adapter {(Tektronix Part No.
013-0072-00) into the right-hand set of accessory connec-
tors located on the Standard Test Fixture.

15, Install a 1 k&, 1/2 watt resistor in the diode adap-
ter.

16. Set the LEFT-OFF-RIGHT switch to RIGHT and
turn the VARIABLE COLLECTOR SUPPLY control until
a trace appears diagonally across thea CRT.

17. Turn the VERTICAL switch clockwise and note
that as the vertical deflection facior decreases the slope of
the line decreases {sce Fig. 2-6). Turn the VERTICAL
switch counterclockwise from the 1 mA pesition and note
that the slope increases. Also note that the PER VERT DIV
regdout changes in accordance with the position of the
VERTHTICAL switch. Reset the VERTICAL switch to 1 mA.

29
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Fig. 2-6. Display of T vs. V for a 1 k{2 resistor using various settings
of the VERTICAL and HORIZONTAL switches.

18. Repeat step 17 using the HORIZONTAL switch
within the COLLECTOR range of the switch. The change in
slope of the trace will be the inverse of what it was for the
VERTICAL switch. Reset the HORIZONTAL switch to i
V COLLECTOR.

19. Press the ZERO button. Note that the diagonal
trace reduces to a spot in the tower left corner of the CRT
graticule. This spot denotes the point of zero deflection of
the vertical and bhorizontal amplifiers. Release the ZERQ
button,

20. Press the CAL button. Note that the diagonal trace
reduces to a spot in the upper right corner of the CRT
graticule. The pasition of this spot indicates 10 divisions of
deflection both vertically and horizontally. Release the
CAL button,

21. Press the DISPLAY INVERT button and turn the
VARIABLE COLLECTOR SUPPLY control counterclock-
wise. Note that the display has been inverted and is now
originating from the upper right corner of the CRT grati-
cule. Release the DISPLAY INVERT button.

Collector Supply

22, Turn the MAX PEAK VOLTS switch throughout its
range. Note that when the swiich is in the 75, 350 and
1500 positions, the yellow fight comes on.

23. While the vellow light is on, turn the VARIABLE
COLLECTOR SUPPLY control fully clockwise. Note that
the diagonal line obtained in step 16 does not appear. When
the yvellow light is on, the Collector Supply is disabled.

24 Set the following Type 576 controls:

MAX PEAK VOLTS 75

VARIABLE COLLECTOR Fully counterclockwise
SUPPLY

LEFT-OFF-RIGHT OFF

2-10

Protective
‘Box

Fig. 2-7. Type 576 Standard Test Fixture with protective box in-
stalled for safe operation.

25, Instll the protective box on the Standard Test Fix-
ture as shown in Fig. 2-7.

26. Close the lid of the protective box and set the
LEFT-OFF-RIGHT switch to RIGHT. Note that the vellow
light turns off and the red light turns on.

WARNING

The red light indicates that dangerous voltages may
appear at the collector terminals of the Standard Test
Fixture. &

27. Turn the VARIABLE COLLECTQOR SUPPLY con-
tro! clockwise. Note that the diagona! irace appears indica-
ting that the Coilector Supply has been enabled.

28. Set the following Type 576 controls 1o:

MAX PEAK VOLTS 15

VARJABLE COLLECTOR
SUPPLY

Fully Counterclockwise

{The protective box may be removed if desired.)

29. Turn the VARIABLE COLLECTOR SUPPLY con-
trol until the diagonal trace reaches the center of the CRT
araticule. Puil out on the PEAK POWER WATTS swilch
and set it to 220."Note that the diagonal trace lengthens as
the switch i1s turned through its range. Also note that the
SERIES RESISTORS decrease as the maximum peak power
is increased.
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30, Allow the MAX PEAY. VLTS switch and the
PEAK POWER WATTS switch i breoe interlocked and
switch o 75, Note that tha caxirie: . peak power value
remains at 220 and that ithe SERIES SESISTORS values
change.

31. Set the following Type 576 controls to:
MAX PEAK VOLTS 15
PEAK POWER WATTS 0.1
LEFT-OFF-RIGHT OFF

32. Remove the resistor from the diode adapter and re-
place it with a silicon diode. Align the diode so that its
cathode is connected to the emitter terminal.

33. Set the LEFT-OFF-RIGHT svatch to RIGHT and
turn the VARIABLE COLLECTOR SUPPLY control clock-
wise. Note the display of the forward voltage characteristic
of the diode. {see Fig. 2-8}.

34. Set the COLLECTOR SLUPPLY POLARITY switch
to —(PNP}. Note the display of the reverse voliage charac-
teristic of the diode (see Fig. 2-8;.

L Reverse Bias S

-- T mA
' v

N ' PER

. -0

; 2100

re- z WMV

) I oIy

; Forward Bias[ rer

VT ) N

- / -- PoMA

! T B

! / &

o . 1 Emgo K

) i Div

Fig. 28. Display of forward and reverse bias characteristics of a
signal diode.

35. Set the following Type 576 controls to-
PCLARITY + (NPN)

MQODE DC
MNote that the display of the forward voltage diade char-
acteristic has become a spot. The spot indicates the current

conducted by the diode and the voltage across it.

36. Turn the VARIABLE COLILLECTOR SUPPLY con-
tral counterciockwise. Note that the spot traces out of the
dicde characteristic.

@
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37. Setthe following Type 576 controls 1o:
VERTICAL T A

HORIZONTAL 2V COLLECTOR

Vertical POSITION Display Centered

VARIABLE COLLEC- Fully Clockwise

TOR SUPPLY
MODE NORM
LEFT-OFF-RIGHT LEFT

38. Adjust the LOOPING COMPENSATION control for
minimum trace width (see Fig, 2-9}.

: E S A
.- H - - {; A
: I o ’

; o PEA

3 . H

Vo R . o

1 Incorrect Adjustment . " 2

s s z v
i L ow

: ) PR

P—-— - S

' 1 50
V- - PoMA
.

- B

] H ' "

1 Correct Adjustment o o >0

= [ #®
: ' o

[ 1 R

Fig. 2-9. Adjustment of LOOPING COMPENSATION control.

39. Set the following Type 576 controls to:

VERTICAL 5 ma
Vertical POSITION Switch centered

VARIABLE COLLEC- Fully Counterclockwise

TOR SUPPLY
MODE AC
LEFT-OFF-RIGHT OFF

40. Remove the diode from the diode adapter and re-
place it with & 8 volt Zener diode. Align the dicde so that
its cathode is connected to the emitter terminal,

41. Set the LEFT-OFF-RIGHT switch to RIGHT and
turn the VARIABLE COLLECTOR SUPPLY control clock-
wise. Note that the display shows both the forward and
reverse characteristics of the Zener diode (see Fig. 2-10).
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Fig. 2-10. Display of Zener diode I vs. ¥V characteristic with PO-
LARITY switch set to AC.

Display Offset and Magnifier
42, Set the following Type 576 controis to:
HORIZONTAL 2V COLLECTOR

POLARITY —(PNP)

Note the display of the reverse voltage characteristic of
the Zener diode.

43. Position the display to the center of the CRT grati-
cule with the vertical POSITION switch {see Fig. 2-11A),

44, Set the DISPLAY OFFSET Selector switch to
HORIZ X10, Press the ZERQ button and, using the hori-
zontal FINE POSITION control, adjust the spot so that it is
on the center vertical tine of the CRT graticule. This spot
position represents the zero offset position. Release the
ZERO button and set the DISPLAY OFFSET Selector
switch to HORIZ X1.

45, Turn the CENTERLINE VALUE switch from the O
position clockwise, untii the Zener breakdown portion of
the display is within 0.5 divisions of the center vertical
line {see Fig. 2-11B). Note the number on the CENTER-
LINE VALUE switch which appears in the blue window
below the word DIV, This number multiplied by the PER
HORIZ DIV readout value gives the approximate value of
the breakdown voltage of this Zener diode. For the diode in
the exampie shown in Fig. 2-11, the approximate Zener
breakdown voltage is 4 divisions times 2 V/division = 8
volts.

46, Set the DISPLAY OFFSET Selector switch to
HORIZ X10. Note that PER HORIZ DIV readout value has
changed to indicate the 10 times multiplication. By expand-
ing the scale, a measurement can be made of that part of
the characteristic which was not quite offset 1o the center
vertical line of the CRT graticule {see Fig. 2-11C). This
value when added to the approximate value (or subratcted
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Fig. 2-11. Displays of measurement of Zener breakdown voltage
using the DISPLAY OFFSET Selector and CENTERLINE VALUE
switches, (A) DISPLAY OFFSET Selector switch set to HORIZ X1
and CENTERLINE VALUE switch set to 0; (BY CENTERLINE
VALUE switch set to 4; {C) DISPLAY OFFSET Selector switch set
to HORIZ X10.

if the approximate value was greater than the actual value)
produces a more exact measurement of the breakdown volt-
age. In the example shown in Fig. 2-11, 400 mV should be
added to the app?oximate estirate, yielding a valuc of 8.4
for the Zener voltage of the diode. The same process can
also be carried out using vertical display offset and magnifi-
cation.
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Step Generator
47. Set the following Type 576 controls to:

DISPLAY OFFSET NORM(OFF)
Selector

CENTERLINE VALUE O

Vertical POSITION Switch centered

POLARITY +H{NPN)

VARIABLE COLLEC- Fully Counterclockwise
TOR SUPPLY

LEFT-OFF-RIGHT OFF

48. Remove the diode adapter and replace it with the
universal transistor adapter ({Tektronix Part No.
013-0098-00).

49. Place an NPN silicon transistor into the right tran-
sistor test socket of the universal transistor adapter,

50. Set the LEFT-OFF-RIGHT switch to RIGHT and
turn the VARIABLE COLLECTOR SUPPLY clockwise un-
til the peak coltector-emitier voltage is about 10 volts.

51. Turn the AMPLITUDE switch until a step appears
on the CRT. Note that the greater the step amplitude, the
greater the collector current (see Fig. 2-12). Set the AMPLI-
TUDE for the minimum step amplitude which produces a
noticeable step in the display.

! R -
Yo \ T OMmA
L. 5 mA - o

: !
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{ / ' no
;-- ', z V
] o

) .

- R
] « T
!-[/ 2]’”’" - FORA
1/

- Ama 1B

. + SRR |11
I‘--_ SOPA__d k: D

Fig. 2-12. Coliector cument vs. Collector-Emitter voltage for varions
settings of the AMPLITUDE switch,

52. Turn the NUMBER OF STEPS switch clockwise. Re
sure the PEAK POWER WATTS switch Is set within the
power dissipation rating of the iransistor being used. Note
the display of collector current vs. coliector-emitter voltage
for ten different values of base current (see Fig. 2-13A).
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Fig. 2-13. (A) I¢ vs. Vep for 10 steps of base carrent at 50 HA per
step; (B) I¢ vs. VRE for 10 steps of lease current at 50 A per step,

53. Set the HORIZONTAL switch to .1 V BASE. Note
the display of the collector current vs. base-emitter voltage
for ten different values of base current (see Fig. 2-13B).

54. Set the VERTICAL switch to STEP GEN and the
HORIZONTAL switch to 1 ¥ COLLECTOR. Note the dis-
play of the base current, one step per vertical division, vs.
the collector-emitter voltage (see Fig. 2-14A).

55, Set the HORIZONTAL switch w0 .1 V Base. Note
the display of base current, one step per vertical division,
vs. base-emitter voltage (see Fig. 2-74B).

56. Set the VERTICAL switch to 5 mA and the HORI.-
ZONTAL switch to STEP GEN. Note the dispiay of collec-
tor current vs. base-current, one step per horizontal division
{see Fig. 2-15).

57. Set the following Type 576 controis to

HORIZONTAL 1V COLLECTOR

RATE SHX

Note that the step rate is slower thar Lhe normal rate.
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E8. Press the NORM RATE button and then the 2X
RATE button. Note that the siep rate is faster than the
normal rate,

54. Press both the 2X RATE and .5X RATE buttons.
Note that the step rate is normal, but that the steps occur
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al the peak of coch coliccior sweep, rather than at the
baginning of cach collector sweep, as when the NORM
RATE buiton is pushed.

60. Press the SINGLE STEP FAMILY button. Press it
again. Note that each time the SINGLE button is pressed, a
single family of characteristic curves is displayed and then
the Step Generator turns off.

61. Set the Tollowing Type 576 controls to:

STEP FAMILY REP ON
RATE NORM
PULSED STEPS 300 s

Note that the collector supply is in the DC mode and
that each step is in the form of a pulse. {See Fig. 2-16A.)
{Readjustment of the INTENSITY control may be neces-
sary.}

82. Press the 80 {ls button. Note that the duration of
each pulsed step is‘reduced.

63. Press both the 300 Us and the 80 pis buttons, Note
that the Collector Supply is in the normal mode and the
steps are oceurring at the peak of the collector sweep, with
a duration as observed in step 61 (see Fig. 2-16B).
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Fig. 2-16. 300 us PULSED STEPS, (A) DC mode; (B) Normal
mode.
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A Set the foliowing Type 5706 controls to-
INTENSITY Visibte Display
VERTICAL SomA

VARIABLE COLLEC- Fully Counterclockwise

TOR SUPPLY
POLARITY —(PNP}
STEPS Pressed

65, Press the STERP/OFFSET POLARITY INVERT but-
ton and turn the VARIABLE COLLECTOR SUPPLY con-
trol slowly clockwise. Note the reverse voltage character-
istics obtained by reversing the polarity of the collector
sweep but keeping the Step Generator polarity the same,
Note that as the reverse Collector Supply voltage is in-
creased, Zener breakdown of the baseemitter junctions
occurs (see Fig. 2-17).
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Fig. 2-17. Reverse voltage characteristic of transistor.

66. Release the INVERT button and press the OPPOSE
OFFSET button.

67. Turn the OFFSET MULT control clockwise and
note that a display similar 1¢ that seen in step 65 is ob-

tained.

G8. Set the following Type 576 controls to:

POLARITY AC
OFFSET ZERC
OFFSET MULT 8]
RATE BX

Note a dispiay similar to thai viewoed in step 65 except
that the display for the positive collector sweep is also
shown (see Fig. 2-13A).

@
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69. Set the following Type 576 controls to

VERTICAL 5 A
POLARITY +H{NPN)
NUMBER OF STEPS 0
RATE NORM

70. Note the f or gq, per division readout. By measuring
the vertical divisions between two curves of the displayed
family, the § of the device in that region can be determined.
For example, there is approximately 0.9 division between
the fourth and fifth sieps shown in Fig. 2-18A. The 8 of the
device when operated in this region is, therefore, approx-
imately 08 (200} or 180. To make a more accurate
measurement of §, the difference in both collector and base
current between the fourth and fifth steps should be less.

71. Press the OFFSET AID button and set the OFFSET
MULT control to 4. Note that the offset current has heen
added to the Step Generator output so that the zero step is
now at the level of the fourth step displayed.

72, Press the STEP MULT .1X button. Note that the
current per step is now 1/10 of the value set by the AMPLI-
TUDE switch. Check the PER STEP readout for the new
ampilitude per step, (See Fig. 2-188.)

73. Set the DISPLAY OFFSET Selector switch to
VERT X1 and turn the CENTERLINE VALUE switch
clockwise untif the first step is within £0.5 division of the
center horizontal line.

74 Set the DISPLAY OFFSET Selector switch to
VERT X10. Note that though the B8 per division is still 200
as it was in step 70, the change in collector and base current
(A o and Alp) is less between the fourth and the fifth step.
This allows for a more accurate measurement of § at the
level of the fourth step (see Fig. 2-18C}. The 8 of the device
at the fourth step now measures at about 0.8 {200) = 160.

75h. Set the following Type 576 controls to:

VERTICAL TmA
DISPLAY OFFSET NORM (OFF)
Selector

AMPLITUDE 05V

NUMBER OF STEPS 1
OFFSET MULT &

STEP MULT Released

76. Turn the OFFSET MULT control until a sten just
begins 1o appear on the CRT. Note the multipiier value on
the OFFSET MULT control. This number times the AlM-
PLITUDE switch setting is the base-to-ernitter turn on voli-
age of the transistor.

2-15
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Standard Test Fixture
77. Set the following Type 576 controls 10:
AMPLITUDE 20 uA

QOFFSET ZERO

78, Note the display of the characteristic curves with
the emitter grounded and the current steps applied to the
base (see Fig. 2-19A3,
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Fig. 2-19. (A) Terminal Selector switch set to BASE TERM STEP
GEN (NORM); (B) Terminal Selector switch set to EMITTER
TERM STEP GEN.,

79. Set the LEFT-OFF-RIGHT switch to OFF and the
STEP FAMILY button to OFF. Take a patch cord with
banana piugs on each end and connect it between the STEP
GEN OUTPUT connector and the EXT BASE OR EMIT
INPUT cannector.

80 Set the following Type 576 controls to:

STEP FAMILY ON
LEFT-OFF-RIGHT RIGHT

BASE TERM OPEN
{OR EXT}

Terminal Sefector

MNote a display similar to that seen in step 78.

81. Set the following Type 576 controls to:
VERTICAL 1 nA EMITTER

MODE LEAKAGE

VARIABLE COLLEC-
TOR SUPPLY

Fully Counterclockwise

STEP FAMILY OFF

Rernove the patch cord.



B2, Turn the VARIABLE COLLECTOR SUPPLY con-
trof clockwise and note the display of emitter leakage cur-
rent with the hase terminal open.

83. Set the Terminal Selecior switch to SHORT and
note the display of emitter leakage current with the base
terminal shorted to ground.

84. Set the following Type 576 controis to:
VERTICAL 5 mA

AMPILITUDE 5ma

EMITTER TERM STEP
GEN

Terminal Selector

STEP FAMILY ON

Turn the VARIABLE COLLECTOR SUPPLY control
clockwise and note the display of collector current vs,
collector-emitter voltage with current steps applied 1o the
emitter of the transistor {see Fig. 2-19B).

85, Set the following Type 576 controls to:
STEF FAMILY OFF

EMITTER TERM OPEN
{OR EXT)

Terminal Seiector

Reconnect the patch cord between the STEP GEN QUT-
PUT connector and the EXT BASE OR EMIT INPUT con-

nector,

86. Set the STEP FAMILY butten toc ON and note a
display simitar to that seen in step 84,

This completes the first-time operation.

GENERAL OPERATING INFORMATION
CRT

The CRT in the Type 576 has a permanently etched
internal graticule. The graticute is 10 divisions by 12 divi-
sions, each division being 1 cm., lllumination of the grati-
cule is controlled by the GRATICULEL ILLUM contral, Pro-
tective shields for the CRT and the fiber-optic readout dis-
play are fitted to the bezel. The bezel covers the CRT and
the fiber-optic readout display. To remove, ioosen the se-
curing screw and pull out on the hotiom of the bezet,

A blue filter has been provided to improve the contrast
ot the display when the ambient light is intense. This filter
may be installed {or removed) by removing the bezel and
sliding the filter bhetween the CRT protoctive shield and the
bezel frame.

Readout

The readout located to the right of the CRT is made up
of the fiber-optic displays and their titles. The fiber-optic
displays show numbers and units (5 mA, 2 V, etc) the

®
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values of which are a function of front-panet control sci-
tings. The iitles are words printed on the fiber-optic display
shield attached to the bozel. These words indicate the char-
acteristics of the CRT display 1o which each fiber-opiic
display is related {(PER VERT DIV, PER STEP, etc.). {llu-
mination of the titles and the fiber-optic diplays is con-
trolled by the READOUT ILLUM control.

Intensity

The intensity of the disptay on the CRT is controlled by
the INTENSITY control. This control should be adjusted so
that the display is easily visible but not overly bright. It wiil
probably require readjustment for different displays. Partic-
ular care should be exercised when a spot is being dis-
played. A high intensity spot may burn the CRT phosphor
and cause permanent damage to the CRT.

Focus

The focus of the CRT display is controlied by the FO-
CUS control. This control should be adjusted for optimum
display definition.

Positioning

The position of the display on the CRT graticuie, both
vertically and horizontally, is controlled by four sets of
controls: the vertical and horizontal POSITICN controls,
the POLARITY switch, the DISPLAY OFFSET controis
and the DISPLAY INVERT, ZERQ and CAL buttons.

The position centrols provide coarse and fine positioning
of the display both verticaily and horizontaily. Each coarse
POSITION switch provides S-division increments of display
positioning. Each FINE POSITION control has a contin-
uous range of greater than 5 divisions. The position controls
should not be used ta position the zero reference off the
CRT. The DISPLAY OFFSET contrals may be used for this
purpose. If the display is magnified either vertically or hor-
izontally using the DISFLAY QOFFSET Selector switch, the
ranges of the position controls are increased 10 times.

The POLARITY switch positions the zero signal point of
a display (tocated by pressing the ZERQ button) to a posi-
tion conveniient for making measurements on an NPN de-
vice, a PNP device or when mzking an AC measurement
{described under Collector Supply).

The DISPLAY OFFSET controls provide calibrated off-
set (or positioning) of the display cither vertically or hori-
zontally. These controls may be used either to make a
measurement or to position particular portions of a display,
which has been magnified, on the CRT graticule. The DIS-
PLAY OFFSET Selector switch determines whether the dis-
play will be offset vertically or horizontally and the CEN-
TERLINE VALUE switch provides the offset. Under un-
magnified conditions, 10 divisions of offset are available,
When the DISPLAY OFFSET Selector switch is set to one
of it1s MAGNIFIER positions, 100 divisions of offset are
available.
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When making a measurement using the DISPLAY OFF-
SET controls, the CRT graticule becomes a window. When
the CENTERLINE VALUE switch is set 1o 0, the vertical
centertine {horizontal offset) or the horizontal conterline
{vertical offset) of the window is at the zero signa! portion
of the display. As the CENTERLINE VALUE switch is
turned counterclockwise, the window moves either ver-
tically or horizontally along the display. For each position
of the CENTERLINE VALUFE switch, the number on the
switch appearing in the blue window represents the number
of divisions the vertical centerline or the horizontal center-
line has been offset from the zero offset line. I the display
has been magnified, the numbear in the blue window must
be multiplied by 10,

The ZERO hutton provides a convenient means of posi-
ticning the zero reference point on the CRT graticule. Un-
der normat operating conditions {GISPLAY OFFSET Selec-
tor switch set to NORM) when the ZFRO button is pressed,
a zero reference spot appears on the CRT graticule. This
spot indicates the point on the CRT where zero signal is
being measured by the vertical and horizontal display
amplifiers, With the button pressed, the positioning con-
trols may be used to position the spot to a point on the
CRT graticule which makes measurements convenient. [f
the DISPLLAY OFFSET Seiector switch is set to VERT or
HORIZ, the zero reference point indicates the horizontal or
vertical graticule line, respectively, to which the CENTER-
LINE VALUE switch setting applies. To assure the accu-
racy of the CENTERLINE VALUE switch settings, the zero
reference spot should be adjusted . (using the positioning
controls) to the appropriate centerling for the offset being
used. For maximum accuracy of measurement, the position
of this zero reference point should be adjusted with the
DISPLAY QFFSET Selector switch in one of its MAGNI-
FIER positions.

The CAL button provides a means of checking the cali-
bration of the display amplifiers. Under normal operating
conditions (DISPLAY OFFSET Selector switch set to
NORM} when the CAL button is pressed, a calibration ref-
erence spot appears on the CRT. This spot represents a
signal applied to hoth the vertical and the horizontal dis-
play amplifiers which should cause 10 divisions deflecticn
on the CRT graticule both vertically and horizentally. |f
the position of this spot is compared with the position of
the spot obtained when the ZERO button is pressed, the
accuracy of calibration of the display amplifiers can be de-
termined. When the DISPLAY OFFSET Selector switch is
set to either VERT or HOR!Z, the calibration reference
spot should appear on the vertical centerline (horizontal
offset) or the horizontal centeriine {vertical offset), as-
suming the zero reference point is properly adjusted. This
calibration check should be made with the DISPLAY OFF-
SET Selector switch in cither HORIZ X10 or VERT X10.
Any departure of the calibration reference spot from the
centerline, when this check is made, represents an error of
1% per division in the display offset.
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The DISPLAY INVERT button provides a means of in-
verting the display on the CRT, When the DISPLAY IN-
VERT butiorn is pushed, the inputs 1o the display amplifiers
are reversed, causing the display on the CRT to be inverted
both wvertically and horizontally about the center of the
graticule.

If the position controls are centered, the zern and
calibration references spots should appear in particular
positions on the graticule depending on the positions of
the POLARITY switch and the DISPLAY OFFSET
Selector switch. Fig. 2-20 shows these positions of the
spot for the various settings of the two switches. To
determine the spot positions when the INVERT button is
pressed, assume  the graticule shown is inverted both
vertically and horizontatly.

Vertical Measurement and Deflection Factor

In the vertical dimension, the display on the CRT meas-
ures either collector current (I}, emitter current {Ig) or
the cutput of the Step Cenerator. The MODE switch and
the VERTICAL switch determine which of these measure-
ments are made.

The Vertical deflection factor of the display on the CRT
is controlled by the VERTICAL switch, the DISPLAY
OFFSET Selector switch and the MODE switch. The PER
VERT DIV readout to the right of the CRT indicates the
verticai deflection factor due to the combined effects of
these three controls.

Under normat operating conditions, with the MODE
switch set to NORM and the DISPLAY OFFSET Selector
switch set to NORM (CFF}, collector current is measurad
vertically and the VERTICAL switch determines the verti-
cal sensitivity of the display.

When measuring collector current, the VERTICAL
switch provides deflection factors (unmagnified) ranging
from 1 LA/division to 2 A/division. The vertical deflection
factor is indicated either by the PER VERT DIV readout or
by the pasition of the VERTICAL switch, using the letters
printed in black to determine units. The readout and the
switch position should coincide.

When the MODE switch is set to LEAKAGE {(EMITTER
CURRENT) the CRT display measures emitier current ver-
tically. In this case the vertical sensitivity of the display is
increased by 1000 times for each position of the VER-
TICAL switch. The vertical deflection factor is indicated
either by the PER VERT DIV readout or by the position of
the VERTICAL switch, using the letters printed in orange
to determine units. When the MODE switch is set to LEAK-
AGE the ocutput of the Cotlector Supply is DC voltage, like
that abtained when the MODE switch is set to DC (ANT
LGOP), rather than a voltage sweep. Alse in the leakage
mode a slight error {up to 1.25 V) is added to the horizon-
tal display. The following Horizontal Measurement and De-
flection Factor section shows how to determine the degree
of this error.
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Fig. 2-20. Positions of spot on CRT graticule when ZERQ or CAL buttons are pressed, for vatious positions of the POLARITY switch and
the DISPLAY OFFSET Selection switch, assuming the position controls are centered.

When the VERTICAL switch is set to STEP GEN,
steps indicating the Step Generator output are displayed
vertically. The vertical display shows one step per division
and the amplitude of each step, as shown by the PER STEP
readout, determines the vertical deflection factor. It should
be noted that if the HORIZONTAL switch is set to STEP
GEN, the Step Generator output signal is not available for
display vertically. In this case, setting the VERTICAL
switch to STEP GEN causes zero vertical signal to be dis-
played.

The vertical sensitivity can be increased by 10 times for
any of the previously mentioned measurements by setting
the DISPLAY OFFSET Selector swiich to VERT X10. The
magnified vertical deflection factor can be determined
either from the PER VERT DIV readout' or by dividing
the setting of the VERTICAL switch by 10.

Horizontal Measurement and Deflection Factor

In the horizontal dimension, the display on the CRT
measures either collector to emitter voltage (VeE), cotlec-
tor to base valtage (VCR), base 1o emitter voltage (Vagl,
emitter 10 base voltage (VER) or the Step Generator out-
put. The HORIZONTAL switch, the Terminal Selector
swilch and the parameter being mecasured vertically deter-
mine what is measured horizontally.

'The PER VERT DIV readout does not indicate deflection fac-
tors less than 1 nA/division.

®

The harizontal deflection factor of the display on the
CRT is controlled by the HORIZONTAL switch and the
DISPLAY OFFSET Selector switch. The PER HORIZ DIV
readout to the right of the CRT idnicates the horizontal
deflection factor due 1o the combined effects of these two
controls.

Under normal operating conditions with collector cur-
rent being measured vertically, the Terminal Selector switch
set to EMITTER GROUNDED and the DISPLAY OFFSET
Selector switch set to NORM (OFF}, the display will meas-
ure Voo or VRE horizentally, To measure Ve, the HORI-
ZONTAL switch must be set within the COLLECTOR
range which has deflection factors between 50 mV/division
and 200 V/division. To measure Vg, the HORIZONTAL
switch must be set within BASE range which has deflection
factors beiween 50 mV/division and 2 V/division. In both
cases, the horizontal deflection factors are indicated by
both the PER HORIZ DIV readout and the position of the
HORIZONTAL switch. The two values should coincide

When the Terminal Selecior switch is set to BASE
GROUNDED the horizontal display measures coliector to
base voltage (Veg) with the HORIZONTAL switch in the
COLLECTOR range, or emitter to base voltage (VER) with
the HORIZONTAL switch in the BASE range.
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When emitter current is boing measured by the vertical
display, the only significant mcasurements made by the
horizontal display are Vg and Vg, To make these meas-
urements, the HORIZONTAL switch is set within the
COLLECTOR range and the Terrinal Selector switch is set
10 EMITTER GROUNDED or BASE GROUNDED.

With the VERTICAL switch set between 500 nA/
division and 1 nA/division, an error cccurs in the horizontal
measurement. Table 2-3 indicates the degree of thiserror in
voltage per division of vertical deflection for all the settings
of the VERTICAL switch within this given range. Using this
table and the following procedure, the actual VCE or VCRB
can be caluclated.

TABLE 2-3

Error in Horizontal Voltage Measurement
Per Division of Vertical Deflection

Voltage Error Per
Vertical Division

VERTICAL Switch Setting'

50 nA, B nA 125 mvV
20 nA, 2 nA 50 mvV
100 nA, 10 nA, 1T nA 25 my

LEMITTER current, DISPLAY OFFSET Selector switch set to
NORM (OFF). .

1. Measure the vertical deflection of the display in divi-
sions {see Fig. 2-21).

2. Measure the horizontal deflection of the display in
voits.

3. Using Table 2-3, find the error factor for the setting
of the VERTICAL switch and multipiy it by the value de-
termined in step 1.

i S S e T—T—T--" w
N 0nA 3 nA ! E |
. Leakage Current |—'3/3k39e Current | T MA
. . ‘ L 1 oIy
‘:__ | _-: I:JE:
. / 3 Divisions . F 50
- ‘ b omv
; / ,l, ! oy
: 1 . PER
-- -- s
: 328 mV Jl i
LT a i
T A B
Ve Ll em
; o
Voltage error = 3 divisions X 25 mV =75 mV
Vg =325mV — 75 mV =250 mV

Fig. 2-21. Sampie calculation of error in collector to emitter voltage
incurred when measuring leakage of a transistor.
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4. Subtract the vollage determined in step 3 from the
voltage determined in slop 2 1o give the actual Vg or

VCRB.

When the HORIZONTAL switch is set to STEP GEN,
steps indicating the Step Generator output are dispiaved
horizontally. The horizomal display shows one step per di-
vision and the amplitude of cach step, as shown by the PER
STEP readout determines the horizontal deflection factor.

The horizomal deflection factor can be increased by 10
times for any of the previously mentioned measurements
by setting the DISPLAY OFFSET Selector switch to
HORIZ X10%. The magnified horizontal deflection can be
determined either from the PER HORIZ DIV readout or by
dividing the setting of the HORIZONTAL switch by 10,

Measurements

Table 24 shows the measurements which are being made
verticaily and horizontally by the display for the various
positions of the VERTICAL switch, the HORIZONTAL
swiich and the Terminal Seiector switch. Those switch posi-
tion combinatiocns not covered by the table are not con-
sidered useful.

Display Offset and Magnifier

The DISPLAY OFFSET Selector switch and the CEN-
TERLINE VALUE switch provides a calibrated display off-
set of from O to 10 divisions {0 1o 100 divisions when the
display is magnified) and a 10 times display magnifier. The
display offset and the display magnifier, when in operation,
effect the display either vertically or horizontally, but never
the whole display. Use of the calibrate display offset is
discussed in the Positioning section. Use of the magnifier is
discussed in both the Vertical and Horizonta!l Measurement
and Deflection Factor sections.

Collector Supply

The Collector Supply provides operating voltage for the
device under test. It is a variable voltage in the form of
either a sine wave, or a full-wave rectified sine wave (see
Fig. 2-22). This voltage is applied to the collector terminals
of the Standard Test Fixture.

The MAX PEAK VOLTS switch and the VARIABLE
COLLECTOR SUPPLY control determine the peak voltage
output of the Collector Supply, which may be varied from
0 volts 1o 1500 volts. The MAX PEAK VOLTS switch pro-
vides four peak voltage ranges: 15 volis, 75 voits, 350 volts
and 1500 volts. The VARIABLE COLLECTOR SUPPLY
atlows continuous voltage vanation of the peak voltage
within each peak voliage range.

The PEAK POWER WATTS switch, which interlocks
with the MAX PEAK VOLTS switch, determines the maxi-
mum power output of the Collector Supply. Power output

2The Horizontal display is not culibrated when the VERTICAL
switch is set between 100 nA and | nA EMITTER.
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TABLE 24
Measurements Made by the Type 576 Display

Switch Settings Measured by Display
VERTICAL HORIZONTAL Terminal Selector Vertically Horizontally
COLLECTOR COLLECTOR EMITTER GROUNDED ic VCE
COLLECTOR BASE EMITTER GROUNDED Ic ViR
COLLECTOR STEP GEN EMITTER GROUNDED ic B or Vg
COLLECTOR COLLECTOR BASE GROUNDED I VOB
COLLECTOR BASE BASE GROUNDED Ic VER
COLLECTOR STEP CEN BASE GROUNDED I B or Vg
EMITTER COLLECTOR EMITTER GROUNDED I Vel
EMITTER COLLECTOR BASE GROUNDED iE Vet
STEP GEN COLLECTOR EMITTER GROUNDED lg or VRE VCE
STEP GEN BASE EMITTER GROUNDED lg or Vgg VBE
STEP GEN COLLECTOR BASE GROUNDED lg or VRE VB
STEP GEN BASE BASE GROUNDED Iz or VER VER

' Error in voltage must be ealculated. See Horizontal Measurement
in Deflection Factor section.
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Fig. 2-22. OQutput of Collector Supply for three setfings of PO-
LARITY switch.

is controlled by placing a resistor, selected from the
SERIES RESISTORS, in series with the Collector Supply
output. The series resistance lirnits the amount of current
which can be conducted by the Collector Supply. In setting
the peak power cutput using the PEAK POWER WATTS
switch, the proper series resistor is automatically selected.
If the peak voltage range is changed while the MAX PEAK

®

VOLTS and the PEAK POWER WATTS switches are inter-
locked, a new sertes resistor is chosen which will provide
the same peak power output.

The Collector Supply POLARITY swiich determines the
polarity of the Collector Supply output and the Step
Generator cutput. It also provides an initial display position
on the CRT graticule as discussed in the section cn posi-
tioning. When the POLARITY switch is set to +{NPN) the
Collector Supply output is a positive-going full wave recti-
fied sinc wave and the Step Generator output is positive-
going. When the switch is set ta —(PNP) the Collector Sup-
ply output is a negative-going full wave rectified sine wave
and the Step Generator auiput is also negative-going. The
AC position of the POLARITY switch provides a Collector
Supply output which is an unrectified sine wave, and the
Step Generator output is positive-going. A negative-going
Step Generator output can be obtained in this case by
pressing the STEP/OFFSET POLARITY iNVERT button.
As noted on the front panel, when the AC position is being
used, the MODE switch should be set to NORM and the
Step Generator rate to .5X.

The MODE switch determines whether the Collector
Supply ocutput voltage will be a voltage sweep or a DC
vottage. When the MODE switch is set to NORM the output
is a repetitive voltage sween varying from O volts to the
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peak voltage set by the MAX PEAK VOLTS switch and the
VARIABLE COLLECTOR SUPPLY control. When the
MODE switch 1s sot 1o DC IANTILOOP) or LEAKAGE
[EMITTER CURRENT]} the Collector Supply output is a
DC voltage equatl to the peak voltage set by the MAX PEAK
VOLTS switch and the VARIABLE COLLECTOR SUPPLY
control. This DC voltage may be either pasitive or negative.
The DC mode is very useful when the normal display is
exhibiting excessive looping.

Occasionally scme of the characteristic curves displayed
on the CRT consist of loops rather than well defined lines
{see Fig. 2-23). This effect is known as locping and is most
noticeable at very low or very high values or current
Looping is generally caused by stray capacitance within the
Type 576, and device capacitance, |t may also be caused by
heating of the device under test. The LOOPING COMPEN-
SATION control provides complete compensation for non
heat-related looping due to the Type 576 and any standard
device adapter which may be used. In general it does not
compensate Tor any added capacitance introduced by the
device under test. {Control has some effect in reducing
stray capacitance in small diodes, and voltage-driven three
terminat devices.) If uncompensated looping is hindering
measurements, the MODE switch should be set to DC
(ANTILOOQCP}. If the collector sweep mode of operation
(MQODE switch set to NORM]) is desired, an imaginary tine
lving inside the loop and equidistant from each side of the
loop is the best approximation of the actual characteristic
curve {see Fig. 2-23). Looning due to heating may be re-
ducad by using the pulsed steps opearation of the Type b76.

prolective box must be installed over the accessories con-
nectors (see Fig. 2-7). When the protective box is in place
and the lid closed, the yellow lighi turns off and the red
tight turns on. The red light indicates that the Collector
Supply is enabled and that a dangerous voltage may appear
at the Collector terminals. For further information about
the interlock system, see the Circuit Description,

Step Generator

The Step Generator provides current or voltage which
may be applied 1o the base or the emitter of the device
under test. The output of the Step Generator is families of
ascending steps of current or voltage (see Fig. 2-24). When
these steps together with the Collector Supply output are
applied to the device under test, families of characteristic
curves of the device are displayed on the CRT.

Thae NUMBER OF STEPS switch determines the number
of steps per family and has a range of from 1 step tc 10
steps. The AMPLITUDE switch determines the amplitude
of each step and whether it is a current step or a voltage
step. The ranges of step amplitudes available are from 50
nA/step to 200 mA/step for current steps and from 5
mV/step to 2 V/istep for voltage steps. The STEP MULT
J1X button, when pressed, divides the step amplitude by
10. When voltage steps are being applied to the base of a
transistor, the base current increases very rapidly with in-
creasing base voltage {note Caution on front-panef). To
avoid damage to the transistor when using voltage steps,
current limiting is provided through the CURRBRENT LIMIT
switch.
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Fig. 2-23. Example of a display exhibiting looping.

Intertock System

Whenever the MAX PEAK VOLTS switch is in the 75,
350 or 1500 positions, the yellow COLLECTOR SUPPLY
VOLTAGE DISABLED hight comes on. This light indicates
that the Collector Supply is disabled. In order to enable the
Collector Supply under these circumstances, the Type 576
uses an interlock systermn, When the yellow light is on, the
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Fig. 2-24. Step Generator output in both polarities

The rate of generation of steps by the Step Generator is
determined by the RATE buttons. When the NORM RATE
button is pressed, sieps are generated at 2 rate of 120
steps/second (assurning a 60 Hz line frequency), or one step
per cycle of the Collector Supply, POLARITY switch set to
+(NPN} or —{PNP}. In this case cach step occurs at the
beginning of a Coilector Supply cycle. When the .5X RATE
buttor is pressed, the Step Generator rate is 60 steps/

@
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second, or one step por 2 cycins of the Collector supply
Aagain, cach step oceurs ol the boginning of a Collector
Supply cyale. (This rate shostd be used when the PO-
LARITY switch is sol 1o AC Y Pressing the 2X RATE but-
ion produces a Step Generator rate of 240 steps/socond, 2
steps per cycle of the Collector Supply. In this case steps
occur at bothy the beginning and the poak of a Collecior
Supply cycle. H the 2X RATE and 5X RATE buttons are
pressed together, the Step Generator rate is the normal rate
of 120 steps/second except that the steps occur at the peak
of each Callector Supply cycle rather than at the beginning
as in normal rate operation.

The STEP FAMILY buttons determine whether step
families are generated repetitively or one family at a time.
Pressing the REP STEP FAMILY button turns the Step
Generator on and provides repetitive families of steps.
When the SINGLE STEP FAMILY button is pushed, one
step famity is generated and the Step Generator turns off,
To get another step family, the SINGLE button must be
pressed again.

The OFFSET buttons and the OFFSET MULT control
allow current or vottage to be either added or subtracted
from the Step Generator output. This causes the level at
which the steps begin, to be shifted either in the direction
of the ascending steps (aiding) offset, or in the opposite
direction of the steps (opposing) offset, When the ZERQO
OFFSET button is pushed, the step family is generated at
its nomal level where the zero step level is either O mA or
Voand the OFFSET MULT control is inhibited. When the
AID OFFSET button is pressed, current or voltage may be
added to the Step Generator cutput using the STEP MULT
control. fhe amount of current or voltage added to the
Step Generator outputl when the AID button is pressed is
equal to the setting of the STEP MULT control times the
setting of the AMPLITUDE switch. The STEP MULT con-
trol has a continuous range of 0 to 10 times the setting of
the AMPLITUDE switch. Pressing the OPPOSE QFFSET
button allows either current or voltage to be subrtracted
from the Step Generalor output, the amount subtracted
determined by the STEP MULT control. Table 2-5 shows
the polarity of the offset current or voltage for the two
polarities of the Step Gererator output,

Oppasing offset is most useful when generating voltage
steps 1o test field effect transistors. When current steps are
being generated, the maximum opposing voltage is limited
to approximately 2 volts. This voltage limiting protects the
basc-emitier junction of a bi-polar transistor from reverse
breakdown.

The STEP/OFFSET POLARITY INVERT button allows
tho Step Generator output (both steps and offset) 1o he
inverted Trom the polarity at which it was set by the POLA-
FITY switch. 11 has no effoct wiren the Terminal Selocior
swilch is sot 1o BASE GROUNDED. Caution should bo
oxergised when using this button 10 causae reverse current Lo
How between the base and emitier terminals, Voltage Himit-

&
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TABLE 25

Polarity of Offset for Polarity of
Step Gererztor Qutput

Step OFFSET Offset
Generator Buttons

Polarity Current Voltage
Pasitive ALlD Positive Positive
going

Positive OPPOSE Negative Negative
going

Negative AlD Negative Negative
going

Negative OPPQOSE Positive Positive
going

ing occurs, when current steps are being generated, only
wien the OPPOSE OFFSET button is pressed.

When one of the PULSED STEPS buttons is pressed,
steps are generated in pulses having durations of either 300
bs or 80 s {offset is unaffected). Pulsed operation is use-
ful when testing a device at power levels wiich might darm-
age the device i applied for a sustained length of time.
Puised steps of a 300 ps duration occur when the 300 s
PULSED STEPS button is pressed. When the 80 s
PULSED STEPS button is pressed, the duration of the
pulsed steps is 80 s, When either the 300 us button or the
80 us bution is pressed, the Collector Supply mode is auto
matically set 10 DC. 11 the 300 (s and 80 Us buttons are
pressed together, the Collector Supply remains in the nar-
mal mode and 300 us pulsed steps are produced. In ail the
previously mentioned cases, the pulses occur at the peak of
the Collector Supply sweep and therefore only the normal
and 5 times normal Step Generator rates are availabie {or
use.

Standard Test Fixture

The Standard Test Fixture, which slides into the front of
the Type 576, provides a means of connecting the Collector
Supply output, the Step Generator output and the display
ampiificrs to the device to be tested.

The Terminal Selector switch, located on the Standard
Test Fixture, determines the state of the base and the emit-
ter terminals of the device under tost The switch has two
ranges: EMITTER GRCUNDED and BASE CROUNDED
In the EMITTER GROUNDED range, the emitier terminal
is connected o ground and the Terminai Seloctor switch
determines the state of the base terminal. With the switch
set to STEP GEN (NORM), the Step Generator outpul is
applied to the base trminal. In the OPEN {OR EXT} posi-
tion, the base terminal is lefi cpen. In this case measure-
rments may be made with the base torminal feft open or
with an externally gencrated signal applied to it through the
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Fig. 2-25. Control setup chart for the Type 576 front-panel.
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EXT BASE OR EMIT INPUT connrctor. Whoen the Tor-
nunal Selector switch s set 1o BASE TERKM SHORT, the
base terminal is shortod 1o tho oratter.

i the BASE GROUNDED range, the base terminal is
connocted to ground and the Terminal Selector switch de-
termines the state of the emitter terminal. With the switch
sel to STEP GEN, the Step Generator output is inverted
and applicd to the emitter terminal. When the switch is set
to OPEN (OR EXT) the emitier terminat is left open. In
this case, measurements may be made with the emitter ter-
minzgl left open or with an externally generated signal
applied to it through the EXT BASE OR EMIT INPUT
connector.

Tektronix Type 576 device testing accessories’ may be
plugged into the 10 Accessories connectors provided on the
Standard Test Fixture. These accessories provide sockets
into which semiconductors with various lead arrangements
may be placed for testing. The 10 Accessories connectors
allow the setting up of two devices at 3 time for comparison
testing. The LEFT-OFF-RIGHT switch determines which
device is under test. The 10 Accessories connectors also

*Some of these accessories are made of plastic and are susceptible
to damage from excessive heat. If a device is likely to heat exces-
sively a heat sink or the pulsed steps mode of operation should be
used,

Operating Instructions—Type 576

accept standard banana plugs so that o doevier may be con-
nocted 1o the Type 576 without using o spocific devico
testing accessory.

The untabeled Accessories connectors allow  Kelvin
sensing of voltage under high current conditions. Kelvin
sensing means that voltage measurerments on the collector
and the emitter teminals of a device under {est are made
through separate contacts to the device leads, utilizing Kel-
vin sensing.

The STEP GEN CUTPUT connector allows the Step
Generator output to be used externalty. The EXT BASE
OR EMIT INPUT conncclor allows application of an ox-
ternally generated signal to either the base or the emitter of
the device under test. The external signal is applied to
whichever terminal is chosen by the Terminal Seiector
switch. The GROUND connector provides a Type 576
ground reference for signals generated or used external in
Type 576.

Polarities of the Coliector Supply and Step Genera-
tor Qutput

Table 2-7 shows the polarities of the Collector Supply
and the Step Generalor output for varicus settings of the
Collector Supply POLARITY switch and the Termina! Se-
iector switch.

TABLE 2-7

Polarities of the Collector Supply and
Step Generator Qutput

Switches Polarities
Collector Supply POLARITY Terminal Selector Collector Supply Step Generator
—{PNP} EMITTER GROUNDED Negative going Negative going?
—{PNP} BASE GROUNDED Negative going Positive going
+(NPN} EMITTER GROUNDED Positive gaing Positive going’
+{NPN} BASE GROUNDED Positive going Negative going
AC EMITTER GROUNDED Posttive and Positive going’
Negative going
AC BASE GROUNDED Positive and MNogative going
Negative going

! May be inverted by pressing the POLARITY INVERT button.
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Type 576

SECTION 3
CIRCUIT DESCRIPTION

Change information, if any, affecting this section wilt be found at the rear of this manuat.

General

This discussion of the Type 576 internal operation is
divided into two parts: Block diagram description and
circuit description. The block diagram description discussas
the functions of the major circuits within the instrument,
using the overall block diagram. The circuit description pro-
vides a detailed description of afl the major circuits and the
signa! switching within the instrument.

It s suggested that the block diagrams and schematics
which have been included in this manual be referred to
while reading this circuit description. Individua! block dia-
grams and simplified schematics of most of the major cir-
cuits and signal switching accompany the text of this
section. An oversll block diagram of the instrument,
showing all the major circults and a simplified version of
the signal switching, is provided in the diagrams section at
the back of the manual. Also in the diagrams section are
complete schematics of all the circuitry within the Type
576 which include component part numbers and values.

BLOCK DIAGRAM DESCRIPTION

The Type 576 is a dynamic semiconductor tester which
displays and allows measurement of semiconductor charac-
teristics obtained under simulated operating conditions.
The collector supply circuit and the step generator produce
operating voltages and currents which are applied to the
device under test. The display amplifiers measure the
effects of these applied conditions. The tests resuit in
curves of transistor, diede, and other semiconductor device
characteristics traced on the face of a CRT.

The collector supply circuit produces full-wave rectified
sine waves which may be either positive-going or negative-
going or unrectified sine waves, depsnding on the posi-
tion of the POLARITY switch. The amptitude af the signa
can be varied from 0 to 1500 volts as determined by the
MAX PEAK VOLTS switch and the VARIABLE COLLEC-
TOR SUPPLY control. The Collector Supply output is
applied to the collector {or eguivalent) terminal of the
device under test.

The step generator produces ascending steps of current
or voltage at a normal rate of one step for each half-sine
wave 0f the collector supply. The amount of current or
voltage per step is controlled by the AMPLITUDE switch
and the total aumber of steps is controlled by the NUM-
BER OF STEPS switch. The Step Generator output may be
applied to either the base or the emitter (or equivalent}
terminals of the device under test.

@

The display amplifiers are connected to the device under
test. These amplifiers measure the effects of the collector
supply and the step generator on the device under test,
amplify the measurements, and apply the resulting voltages
to the deflection plates of the CRT. The sensitivities of
these amplifiers are controlled by the VERTICAL
CURRENT/DIV switch and the HORIZONTAL VOLTS/
DIV switch.

CIRCUIT DESCRIPTION

The following discussion provides a detailed circuit
description of all the major circuits within the Type 576
and the Standard Test Fixture. This description explains
the operaticn of the various circuits within the instrument,
and the voltages and waveforms which can be expected
from them. Discussion of basic electronics and simple
electronic circuits will be kept at a minimum.

Collector Supply

The coilector supply circuit produces an unrectified sine
wave or a full-wave rectified sine wave with a peak ampli-
tude which may be varied from 0 1o 1500 volis peak in four
ranges. The initial voltage for the collector supply comes
from variable autotransformer T300 {see Fig. 3-1) which
has & source voltage of 115 volts AC. The output of T300 is
connected to the primary of sweep transformer T301 and s
controlled by the VARIABLE COLLECTOR SUPPLY
VOLTS control and varies from 0 to 115 volts. The MAX
PEAK VOLTS switch allows the choice of four collector
sweep voltage ranges by choosing pairs of transformer taps
from the secondary of T301, The valtage from these taps is
rectified by one of two diode bridge rectifier assemblies:
the 500 voit assembly for the 15, 75 and 350 volt ranges
and the 2 kilovolt assembly for the 1500 volt range.

The 500 volt rectifier assembly is used either as a center
tapped full-wave rectifier or a bridge rectifier depending an
the connection of the current return input to the collector
supply. The current return comes from the non-greunded
side of the current sensing resistor. Since the voltage level
of the current return input is dependent on the current
flowing through the current sensing resistor, the collector
supply can be considered to be floating. For the 15 valt or
75 voli ranges, the current return is connected to the center
tap of the sweep transformer secondary. tn this case only
two diodes of the 500 volt rectifier assembly are used as a
full- wave rectifier. For the 350 volt range, the current
return goes to the bridge rather than the center tap of the
transformer. In this case, the whole 500 volt rectifier
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Fig. 3-1. Simplified schematic of collector supply circuit.

assembly is used for rectification. Operation in the 1500
voit range is similar to operation in the 350 volt range
except that the 2 kilovolt bridge is used for rectification.

The POLARITY switch {see the Collector Supoly
schematic) allows the choice of three different sweep out-
puts from the collectar supply by changing the output con-
nections on the rectifier bridges. The possible outputs are
positive-going +{NPN} or negative-going —{PNP} full-wave
rectified sine waves or unrectified sine waves {AC). in all
cases the peak amplitude of the collector sweep is control-
led by the VARIABLE COLLECTOR SUPPLY control and
the MAX PEAK VOLTS switch.

The MODE switch allows the choice of two different
Collector Supply outputs: the normal collector sweep as
has been previously mentioned and a DC collector voltage
output. When the MODE switch is set to DC (ANTILOOP)
or LEAKAGE (EMITTER CURRENT} the MAX PEAK
VOLTS switch picks one of four resistor-capacitor combi-
nations which is connected between the collector sweep
output and the current return input. The purpose of these
capacitors is to hold the collector sweep voltage at a con-
stant DC level sei by the VARIABLE COLLECTOR SUP-
PLY control. This holding is done by charging the capacitor
up to maximum peak voltage as set by the VARIABLE
COLLECTOR SUPPLY control and keeping them charged
with the repetitive collector sweep. The result of charging
these holding capacitors is a dot on the CRT rather than the
normal sweep.

3-2

In series with the collector sweep are series resistors
R345 through R355. The interconnected MAX PEAK
VOLTS and PEAK PCWER WATTS switches add these
resistors in series according 1o the amount of peak collector
current desired. The amount of this current is determined
by the maximum power dissipation rating of the device
under test.

Looping

There is a certain amount of non-discrete capacitance
associated with the collector supply which causes an effect
known as looping. Part of this undesired capacitance is
stray capacitance, which provides an AC current path be-
tween the collector supply and chassis ground, The trans-
former and the guard box alsc exhibit some undesired
capacitance between the guard box potential (common
return point connected to guard box) and chassis ground.
Fig. 3-2A shows that these two capacitances form a divider
for AC current, the center of the divider being connected 1o
the vertical amplifier.

During transitions of the collector sweep, some current
will be transmitted by this undesired capacitance, bypassing
the device under test. This current, howsaver, 1s sensed by
the vertical amplifier along with the collector current and
causes the reading of collector current on the CRT 10 be
incorrect. When the collector sweep rises, the undesired cur-
rent will start positive and decrease 1G 7erc as the collector
sweep reaches its peak As the sweep falls, the stray current

®
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Fig. 3-2. (A) Undesired capacitance causing looping; (B) Looping compensation.

will go negative. The result on the CRY is a loop instead of
a single iine to represent the curve of I vs Vg,

Looping Compensation

The LOOPING COMPENSATION adjustment, C343 (see
Fig. 3-72B and the Collector Supply schermatic), H.F. NOISE
REJECTION adjustment C341 and R414 through R418
(see the Display Sensitivity Switching schematic) have been
added to the circuitry as compensation for the stray and
guard box capacitance previously discussed. In general,
these adjustments will not compensate for device capaci-
tance. This added capacitance forms a new capacitive di-
vider which transmits AC current to the vertical amplifier
in opposition to the current transmitted by the undesired
capacitance. This oppasing current, therefore, nulls the
effect of the undesired capacitance which causes lcoping. In
adjusting these added capacitors, C343 is adjusted to com-
pensate for looping current transmitted from the collector
sweep to ground, and C341 is adjusted 16 compensate for
high frequency noise coming in on the line,

Another source of looping current is unbalance in the
sweep transformer. As has been discussed in the coliector
supply circuit description, the sweep transformer is some-
times used in a full-wave rectifier arrangement. This method
of transformer operation requires that the transformer be
balanced about the center tap. LOOPING BALANCE
adjustment C301 is adjusted to equalize the capacitance on
both sides of the transformer center tap.

When the transformer is used in bridge operation, the
voltage at one end is held essentially constant, and the
transformer operates unbalanced. In this case, the trans-
former capacitance is added 1o the stray capacitance found

&

between the Collector Supply and ground. 350 V and 1500
V LOOPING COMP adjustment C339 has been added be-
tween the transformer center tap and the junction of £343
and C341, for bridge operation of the Collector Supply 1o
compensate for unbalanced operation of the transformer.

Intertock

The Type 576 has an interlock system designed to pro-
tect the user of the instrument from potentially dangerous
voltages which may appear at the Collector terminals of the
Standard Test Fixture. Fig. 3-3A shows a simplified
schematic (see Colector Supply schematic for complete cir-
cuit) of this systemn.

Coit K323 enabtes or disables the Collector Supply out-
put through K323-B, enabling it when the coil is energized.
The coil is always energized when the MAX PEAK VOLTS
switch is set to 15. When this switch is set to the 75, 350 or
1600 positions, one side of the coil is opened and the
Collector Supply is disabled. The vyellow COLLECTOR
SUPPLY VOLTAGE DISABLED light is turned on through
K323-A. In order to enable the Collector Supply under
these conditions, the Protective Box must be put in place
on the Standard Test Fixture and the lid closed. With the
tid clesed, High Voltage Interlock switch SW360 is closed
and +12.5 volts is applied through the red DANGFERQOUS
VOLTAGE light, B360, to coil K323, thus enabling the
Collector Supply. With the coil now activated, the COL-
LECTOR SUPPLY VOLTAGE DISABLED light is turned
off.

This interlock may be bypassed on the 75 or the 75 and
350 positions of the MAX PEAK VOLTS switch by re-
connecting the wire connected to pin 1 of J300 to ane of
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1wo alternate positions, labeled 75 and 350 in Fig 3-34,
Changing the connaction of this wire allows +12.5 volts to
be applied to K323 through B350 regardless of the state of
High Voltage Interlock switch SW360. The DANGEROUS
VOLTAGE light s turned on in the 75 350 and 1500
positions of the MAX PEAK VOLTS switch even if the
interlock has been bypassed. Hf B360 were to burn out, the
collector supply would be automatically disabled.

The interlock system may also be modified for use in all
positions of the MAX PEAK VOLTS swiich. This modifica-
tion may be performed by removing the ground from the
15 V positicn of wafer 1R and connecting this position to
the 75 V position of 1R. This wiring change makes it neces-
sary to close SW360 (using the protective box} in order to
activate K323 and enable the collector supply voltage.

These alternate connections are located on wafer 1F and
1R of the MAX PEAK VOLTS switch, inside the guard box
on the left of the instrument. Fig. 3-3B shows a picture of

this water and labels the alternate connections. The bypass
modification is performed by soldering a jumper wire be-
tween terminals 1F 18 and 1F20 (75 bypass) or between
terminals 1F19 and 1F2 (7% and 350 bypass). To modify
the interlock system for use on all maximum peak voliage
ranges, unsolder the existing jumper wire connected be-
tween terminals 1R17 and 1R 1, from 1817 and resolder it
1o the buss wire connected to terminal 1R3. tn unsoldering
the jumper wire from terminal TR 17, be sure the white wire
remains soldered to the terminal.

WARNING

The Type 576 is considered safe as shipped. Any
modification of the interlock system in order to over-
ride its purpose of protecting operators from danger-
ous voltages, will make operation of the instrument
potentially hazardous. Operators of the instrument
should always be aware of the fact that when the red
light is on dangerous voltages may appear at the Col-
lector terminals.

+12.6Vv
SW360
{H.V, Interiock]
TF19.1  ~ | r Y /_[
>/ AN
1F2 I
—»— (75 and 350 Bypass) | l
1F20 | |
- (75 Bypass)
1718 | w1 | |
(?—»—O—» 15 Q"'O__L B360
1IR3 = l |(Red) DANGEROUS
O 75 VOLTAGE
1R5 | I
O O 350
1R? | l I
O L O O 1500 I |
I [ | )
) & —p— +12.5V <4< K323
1 ] t
e e ———— — A e — T U TP R S e ———— Y o4 I_ — _J
] J200
WAX PEAK VOLTS I —12.5v
N\
‘bl iq3 From K323B K323-A
B TERM 3
1F20 T701 N
{75 and 350 Bypass) -
s 1353
3 B323
 1r20 {Yellow)
(75 Bypass}
i 119§ \ T300 —125vV
/1F18 COLLECTOR SUPPLY
VOULTAGE DISABLE

Fig. 3-3. (A) Simplified schematic of interlock circuit, (B) picture of wafer IF and IR of MAX PEAK VOLTS switch located inside guard

box.
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Fig. 3-4. Logic diagram, Pulse Timing chart for Step Generator Clock circuit,
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Step Generator

The purpose of the step generator is to present a discrete
level of current or voltage to the base or emitter (or equiva:
lent terrminals) of the device under test for each sweep, or
change of direction of sweep, of the collector supply. These
discrete levels are generated in the form of ascending steps
which have a calibrated current or voliage separation.

The step generator circdit consists of four major sec-
tions. the clock, the counter, the digital-to-analog con-
verter, and the pulsed steps operation section. The clock
circuit produces negative-going clock pulses which deter-
mine the rate and phase, with respect to the collector sup-
ply, of the Step Generatar output. The counter circuit
counts these clock pulses and transforms each count into a
digital coge which controls the digital-to-analog converter.
The digital-to-analog converter transforms the digital code
into analog current which s surnmed at a current summing
node and transmitted to the step amplifier. The pulsed
steps operation circuit provides g varistion of the Step Gen-
erator output where short duration pulsed steps rather than
normal steps are generated.

Logic. The clock circutt, the counter circuit and a por-
tion of the digital-to-analog circuit are digital circuits which
make use of transistors and integrated circuits in digital
configurations. The most convenient method of describing
and understanding digital circuitry is through a logic
description rather than a detailed circuit description. In
order to make this description understandable by a wider
range of readers, 2 simplified logic description, using high
and low rather than true and false, has been utilized. A
knowledge of basic logic symbols INAND gates, NOR gates,
flip-flops, etc.) and truth tables will help in understanding
this description.

Simplified schematics of these circuits are shown in Figs.
3-4, 3-5 and 3-6. Also included in these figures are truth
tables and some internal logic diagrams for the logic devices
used. Pertinent logic level information for these logic de-
vices is shown in biue on the Step Generator schematic.
Familiarity with the logic symbols and related truth tables
of these logic devices will greatly aid in understanding the
following description.‘

Clock. Sine waves preduced at line frequency by trans-
former T701 provide the timing source for the clock (see
the Step Generator schematic). Transformer T707, steering
diodes D1-D2 and D1G-D11, and trigger generators
U3A-U3B and U3C-U3D operate together to produce low
level pulses at the inputs of U22A. Using U3A-USB as an

'The schematics and block diagrams in this manual which involve
digital fogic are drawn in terms of negative logic. In negative logic,
the true state is the more negative of the two fogic levels and the
talse state is the more positive. The small circies on some of the
input or output terminals of ihe logic symbols indicate a logic nega-
tion. Any terminal having a logic negation symbol on it will be at a
false level when the related device is in its activated state. For
further information see USA Standard ¥32.14 1962.
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exanple, each time the transformer voltage at the anode of
1 crosses sero going negative, DT will turn off and D2 wilt
turn on. When D2 s conducting, the voltage at the pin 1
input of U3A s held al a tow voltage level. Since the other
input to U3A, pin 2, is held at a high voltage level by
voltage divider R4-R5, this low causes a high 10 appear at
the output of U3A (see truth table for NOR gate shown in
Fig. 3-4}). This high is inverted by U3B and the resulting low
i5 applied 1o the pin ¥ input of U22A. This low output
produced by the trigger generation continues until C5
charges to a high voltage level as determined by divider
R4-B5. When the voltage at D1 crosses through zero going
positive, D1 turns on and D2 turns off With D2 off, both
inputs to U3A are high, the output goes low and the output
of U3B goes high. This is the guiescent state of the trigger
generator. Trigger generator U3D-U3C operates the same as
U3B-U3A except that the additional input &t pin @ of U3C
allows the trigger generator to be inhibited when a low is
applied to it.

Since Transformer T701 {see Fig. 3-4) is center tapped,
the voltages at its outputs are equal and opposite. Since the
wo trigger generators are triggered by T701, they operate
in opposite phase, producing alternate low level puises at
their outputs. Since T707 is in phase with the Collector
Suppty output, a pulse is generated by one of the trigger
generators at the start of each collector sweep (assuming
+NPN or —PNP polarity). ZERGC CROSS adjustment RE8
allows adjustment of trigger level of trigger generators.

With the NORM BATE button pressed, low pulses from
the trigger generator are inverted to U22A and transmitted
to norm puise gate UZZ8. The pin 5 input to UZZB is
normally held high. A high at its other input, therefore,
produces a low at its output. This low is applied 10 U22C,
which produces a high level clock pulse to be applied to the
counter circuit. With the NORM RATE button pressed, the
rate of production of clock pulses (and therefore the step
generator rate) is 120 pulses/second (assuming a 60 Hz line
frequency) which is the normal collectior supply rate.

High level output pulses from UZ22A are also applied to
the base of Q23 {shown on the Step Generator schematic),
the input to the delay circuit. This circuit generates clock
pulses at the normal rate, but delayed {with respect to the
start of each normal clock pulse) by a delay time eqgual to
half the time duration between nermal clock pulses. This
delay circuit is triggered each time a high is produced at the
output of U22A. This high turns an Q23, and pulls down
on the base of Q30, turning it off. Since Q23 is pulling
down on ane side of C26, the other side begins charging. It
continues 1o charge until a high enough voltage is reached
to again turn on Q30 When Q30 turns on, a low level is
produced at its collector, which is differentiated by C33
and R33 into a negative-going spike and applied to the
input of inverter U33A. The result of this low at the input
of U33A is a high at its output, and thus a high-level de-
layed pulse at the pin 13 input of U220, The delay time of
the half-step delay circuit is controlled by DELAY adjust-

@
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mient R24 which controls the charge time of €26 R24 1=
adjusted for a deloy time equsl to half the duration of a
norimal step fabout 4167 psi. Delayed dock pulses, there
tore, occur coincident with the peak of the Coltector
Supply output. SW27 lengthens the delay time of this cir-
cuit 1o 5000 us when T7071 is operated with a 50 He line
frequency.

The clock circuit has two sources of clock pulses, the
output of UZ2A and the output of the delay circuit. The
varicus step generator rates are produced by inhibiting
some of the clock pulses from these two sources from being
summed by U22C. Three devices control the transmission
of clock pulses through the circuit: Trig Gen Gate U20C,
Norm Pulse Gate U22B and Delayed Pulse Gate U220,

When the NORM RATE button is pressed, pin 9 of U3C
is held high, enabling trigger generator U3D-U3C. A high is
also applied to pin 5 of U22E, allowing the clock pulses
from U224 10 be transmitted to pin 8 of U22C. A low is
applied to pin 12 of U2ZD, inhibiting the delayed clock
pulse. When the 5X RATE bhutton is pressed, the circuit
operates as described for normal operation except that both
inputs of UZ0C are held high, which holds pin 9 of U3C
low and inhibits trigger generator U3C-U3D. The result is a
step generator rate of half the normal rate, 60 steps/second
{assurning a 60 Hs line freguency). Pressing the 2X RATE
button causes normal operation of the circuit, except that a
high is applied to pin 12 of U220, allowing the delayed
clock pulses to be applied to pin 10 of UZ2C. The step
generator rate in this case is 240 steps/second. When both
_the 2X RATE and the .5X RATE buttons are pressed, the

narmal clock pulses are inhibited by a low at pin b of UZ2B
and the delayed clock pulses are transmitted to U22C. in
this case the Step Generator rate is normal, but the steps
occur out of phase with the normal steps by the delay time
of the delay circuit,

Counter. When the clock circuit generates a ciock putse,
it is counted by the counter {(see Fig. 3-B}. The counter
counts clock pulses until it reaches a preset number, then
resets and begins counting again. Each time the counter
counts, it changes a four-bit binary code which is applied to
the digital-to-analog converter.

U70 is a divide-by-18 counter with the outputs of all
four of its internal flip-flops utilized {see Fig. 3-5). A nega-
tive pulse at the pin 14 input of U70 causes a count to he
recorded by the flip-flops. in recording a count, the flip-
flops assume high or low states according to g 1-2-4-8
binary code. A high state represents the presents of either a
1, 2,4 or 8. A tow state represents a 0. Output terminals
12,9, 8 and 11 of U70 represent 1, 2, 4 and & respectively.
By connecting pin & and pin 11 of U70 1o U72D through
inverters, the 1-2-4-3 code of the U70 cutputs s modified
10 3 1-2-4-4 code. The truth 1able in Table 3-1 shows the
state of each madified counter output for successive counts
counted by U70 up to 11. Whenever U70 s reset, It returns
to the zero count state with lows on all the outputs.
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TABLE 3-1

Normal and Modified Counter Qutput Codes

Count Normal Code Modified Code
Pins on U70 Pinson U70 U72D

12 9 8 11 12 9 11 11
0 L L L L L L L L
] H L L L H L L L
2 L H L L [ H L L
3 H H L L H H L L
4 L L H L L b H L
5 H L H L. H L H L
6 L H | H L L H H L
7 H H H 15 H H H L
8 L L L H [ I H H
9 H L L H H L H H
10 L H L H L H H H
11 H H L H H H H H

The counter may be reset after from 1 to 10 steps have
been produced. The NUMBER OF STEPS switch deter-
mines on which clock pulse the counter is reset. This switch
presets the inputs to U75, so that when the counter has
counted the desired number of clock pulses, a high is gener-
ated at pins 2 and 3 of U70, resetting the counter. This high
is obtained from a high at the output of reset trigger genera-
tor U75. U75 consists of four 2-input OR gates whose out-
puts are connected to a 4-input NAND gate. One input of
each OR gate 1s connected through an inverter to an output
of the modified counter. The other input is connected to a
section of the NUMBER OF STEPS switch. When a low
appears on one input of each OR gate of U75, all four
inputs 1o the U75 NAND gate will be low and a high reset
pulse is produced at the output. This condition of having at
jeast one iow on each OR gate of U75 is typicaily obtained
by first setting fows on some of the OR gates through the
NUMBER OF STEPS switch. The counter then counts until
lows are produced by the modified counter output at the
OR gates without preset lows. When no preset lows are
applied to U75, the counter is reset when it reaches the
eleventh step {1 + 2 + 4 + 4 = 11} when all modified
counter outputs are iow. |1 should be noted that the cicck
pulse which causes the counter to be reset is always one
clock pulse more than the number selected by the NUM-
BER OF STEPS switch. The time duration from the point
at which this extra clock puise is counted by the counter 1o
the point when the counter is reset is so short that the extra
step never appears at the Step Generator cutput.

The high at the output of U75 is inverted by U338 (see
the Step Generator Schematic) and again by UB9C, pro-
ducing a reset high at pin 2 and 3 of U70. U71D and C81
stretch the reset high to a tong-enocugh duration to assure
that the counter is reset.
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Fig. 3-6. Simplified schematic of Digital-To-Analog Converter.

The state of pin 2 of clock puise enable UBBA deter-
mines whether clock pulses are applied to the pin 14 input
of U70. When the STEP FAMILY REP button is pressed, a
low is applied to pin 5 of UG9B, causing pin 2 of UBJA to
be held permanently high In this state of UB9A, all clock
pulses applied to its pin 1 input are inverted, and hecome
counter triggers. When the STEP FAMILY SINGLE button
is pressed, a momentary low is applied to pin 5 of UGOB
which goes high as C78 charges This momentary low en-
ables UE9A until one step family has been generated. When
the reset high causes pin 4 of UB9B to go high, a low is
nroduced at the pin 2 input of UG9A. This low inhibits
clock putses from being transmitied past UGOA,

Digital-to-Analog Converter. The outputs of the modi-
fied counter are connected to the digital-to-analog conver
ter. The purpose of this circuit is to convert the modified
counter cutput code inte analog current which is applied to
the step amplifier input. The digital-to-analog converter
consists of a set of current setting resistor pairs and four
sets of current steering diodes.

®

The digital-to-analog converter conducts a constant
amount of current, the amount of which is set by current
setting resistor pairs R54-R55, R57-R58, RB0-R61 and
RG3-R64 {see Fig. 3-6). Each resistor pair conducts a dis-
crete amount of current which is a multiple of the modified
counter code: one increment of current conducted by
R54-R55, two increments by R57-RBS, four by RE0-R61
and four by R63-R64. Each successive increment of current
causes one step to be generated at the Step Generator out-
put.

The steering diodes determine where in the circuit cur-
rent from these resistor pairs is conducted. Diodes D70,
D71, D72 and D73 provide current paths between the mod-
ified counter cutputs and the resistor pairs. Current is con
ducted by one of these diodes whenever its associated mod-
ified counter output is low,

Another set of current paths is provided by diodes D54,

D57, D60 and 063, These diodes provide current paths
between the current surmming node (at the cathode of D83)

3-9




Circuit Description—Type 576

and the current setting resistor pairs It is these current
npaths which cause slep curreni 10 e apphed 10 the step
amplifier input. Whenever a high appears at one of the mod
ified counter cutpuls, its associated steering diode turns off
and the current conducied by its associated resistor pair 18
applied to the step amplifier input.

The amount of current applied to the step amplifier in-
put is a function of the modified counter output and may
be determined by adding the currents conducted by each
resistor pair associated with a modified counter output
which s high. For example, if five counts have been re-
corded by the counter, highs appear at the cathodes of D70
and D72. The current applied to the step amplifier input s,
therefore, one increment by R54-B55 plus four increments
by RB0-R61, totalling 5 increments. Thus five counts re-
corded by the counter results in five increments of analog
current applied to the step amplifier input. The 1-2-4-4
modified counter code is designed so that the step current
anplied to the step amplifier input increases by one incre-
ment for each clock pulse counted by the counter (until the
counter resets}. ZERO STEP adjustment R97 controls the
ievel of the zero step {with zero offset) by adjusting the
guiescent current through G82 and D83.

Steering diodes D66, D67, D68 and DE2 provide current
paths for the currents conducied by R3%, RSB, RB1 and
RB4, respectively, whenever the STEP MULT .1X button is
pressed. (With the STEP MULT .1X button pressed DBE,
D58, D61 and D64 are reverse biased.) These new curreni
paths reduce the amount current per increment which may
be appiied to the siep amplifier input by a factor of 10. The
result is that the normal step amplitude at the Step Genera-
tor output is reduced to one-tenth its normal value.

The fourth set of steering diodes, D41, D42, D43 and
D44 is used onty when the step generator is operating in the
pulsed mode. tn all other cases, their cathodes are held high
and they have no effect on the current applied to the step

amplifier input.

The current summing nade surns current from R9% as
well as the digital-to-analog converter. The zero step level
may be offset either in the direction which steps are ascend-
ing or in the opposite direction of ascent as deter-
minad by the DC current conducted by R95. if offset in
the direction of the steps is desired, the AID OFFSET
button is pressed. This allows positive voltage to be epplied
to the base of Q80 using the OFFSET MULT contral,
which raises the emitter voltage of Q93 and causes current
to be conducted through R95. When the QPPOSE OFFSET
button is pressed, negative voltage is applied to the base of
Q90 using the OFFSET MULT control, which causes cur-
rent to be conducted through R9% in the oppaosite direc-
tion, OPPOSE OFFSET adjustment R8b and AID OFFSET
adjustment R86 adjusts the offset level of the steps when
the OPPCOSE OFFSET and AID GFFSET buttons are
pressed, respectively.
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Pulsed Step Mode. When ore of the PULSED STEPS
buttons 15 pressed, the Siep Generator oulput sleps are
reduced to short pulses. These pulsed steps are obtained by
inhibiting the digital-to-analog converter for ail but 300 us
or 80 us of each step.

The digital-to-analog converter is inhibited by pressing
either the 300 us or the 80 us PULSED STEPS button (see
the Step Generator schematic) Pressing one of these
buttons turns Q41 on and provides current paths for the
resistor pairs through D41, D42, D43 and D44, The digital-
to-analog converter is inhibited in this state hecause no step
current s available to be applied 10 the step amplifier input,
regardless of the condition of the modified counter output.
The digital-to-analog converter remains inhibited until a
negative-going trigger from the callector of Q30 reverse
biases D39 and turns off Q41. With Q41 off, its cotlector
goes high, turning on Q36 and reverse biasing steering
diodes D41, D42, DA3 and D44, The digital-to-analog con-
verter is now enabled and free to produce a step in the
manner described previously The duration of the step is
controlled by the charge time of C36. With Q36 on, its
cotlector holds one side of C35 at about ground, allowing
the other side to be charged through R39 {and R37 when
the 300 us button is pressed). C35 charges until D39 is
forward biased and Q41 again turns on. With Q41 on, Q36
is turned off and the digital-to-analog converter s again
inhibited by the steering diodes D41, D42, D43 and D44,

Since each pulsed step is triggered by a negative-going
trigger from the delay circuit, the pulsed sieps always
appear at the peak of the Collector Supply output. When
the step generator is operating in the pulsed step mode, the
2X RATE button is inhibited.

When Q41 is turned on, Q46 is turned off, which also
turns off 062, The emitter of Q52 is connected o the grid
of the CRT, V897 (see the CRT Circuit schematic). When
Q52 turns off, its emitter voltage goes negative, causing the
intensity of the CRT display 1o be reduced. The display
intensity remains reduced until Q41 turns off, atlowing Q46
and Q52 1o turn on. The CRT display in the pulsed step
mode is, therefore, intensified only when a pulsed step
oCCurs.

The Collector Supply schematic shows that when either
the 300 us or the 80 us PULSED STEPS hutton is pressed,
K320 is energized and the Collector Supply operates in 115

© DC mode. It may also be seen, that if the 300 us and 80 us

PULSED STEPS buttons are pressed together, 300 us
pulsed steps are generated and the collector supply operates
in its normal mode (K320 is not energized).

Step Amplifier

The step amplifier transforms the output of the step
generator into current or voltage steps of various ampli-
tudes to be applied to the device under test. The AMPLI-
TUDE switch, which is part of this circuit, determines the
amplitude of the steps The circuit consists of a current to
voltage converter, an inverter and a differential cutput

&



amplifier. The output amplifier has two mades of opera-
ton, one producing current steps and the ather producing
vollage steps

The output of the Step Generator, which may be from
one to ten current steps of 350 uA per step plus from one
to ten steps of offset, is applied to the base of Q1054 (see
the Step Amplifier schematic) Q10%A and B comprise a
difterential amplifier. As the base current of Q1054 is
decreased, the collector current of Q105B increases, raising
the voltage at the base of Q110. Each current step at the
base of Q10BA, therefore, causes a positive voltage step at
the base of Q110. These voitage steps are amplified and
inverted by Q110, and part of the output is transmitted
through R113, R112 and C112 creating negative feedback
at the base of Q105A. R113 adjusts the feedback gain of
current to voltage amplifier Q105 and Q110 for an output
at the collector of Q110 of negative going steps with ampli-
tudes of 1/2 volt/step.

G117 and Q122 have been added to the current to volt-
age amplifier circuit to slow down the valtage transition
from the level of the last step generated to the zero step
level, in cases where this transition may cause damage 1o
the device under test. When the preset number of steps has
been produced at the Q110 output, a rapid transition
occurs as the step returns to its starting point. This transi-
tion, when applied to the base of a transistor, rapidly turns
it off. If a transistor is turned off in this manner when its
collectar is at & high level, a high inductive valtage kick will
be produced in the collector supply transformer. Such an
inductive voltege kick may be large enough to damage the
transisior.

This circuit operates either when the 2X RATE button is
pressed or when the 300 us and 80 us PULSED STEPS
buttons are pressed together. In this case the emitter circuit
of 0122 is opened, turning the transistor off. The source of
FET Q117 is held at —11.3 wvoits by divider
R116-D115-R108. When Q122 turns off, divider
B119-R120-R 121 sets the voltage at the gate of Q117 at
—10.3 volts, turning the FET on. With Q117 on, its drain is
held at about —11.3 volts, providing a constant voltage on
the side of C174 connected to Q117. By holding one side
of C114 at constant voltage and transmitting the output of
Q110 across the other side, C114 becomes an integrator.
The voltage transition of the G110 output from the level of
its last step to the starting level is, therefore, slowed down
by integrator C114. When Q122 is turned on (normal or 0.5
times rate or DC mode), Q117 is held off by having about
—34 volts at its gate. In this case, the current through R117
controls the voltage on 01717 side of C114, which moves up
and down with changes in the output of Q110. C114, there-
fore, has little effect on the cutput of 0110 and causes no
slowing of the valtage transition.

When relay KTO1A is in the — position, the output of
Q110 is transmitted through inverter circuit Q1304 and B
and Q133 and inverted before it is applied to the output

®
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anphitrer. The inverter s identical in operation to the cur
rent to voltage arnplifier described previously. Since the
npul resistance (R125) and the feedback resistanice (R 137)
are equal, the gain of the inverter is 1. INVERT ZERO
adjustment R127 sets the voltage at the base of Q130A so
that the initial level is the same for the non-inverted steps
and the inverted steps.

The position of refay K101A 15 controlled by the COL-
LECTOR SUPPLY POLARITY switch, the STEP-OFFSET
POLARITY INVERT button and the Termina!l Selector
switch in conjunction with the step generator polarity logic
{see the Step Amplifier schematic), U33C and D, U724, 5
and C form a coincidence gate. See Table 3-2 for a truth
table of this gate. The output at pin 6 of U728 causes 0101
to turn on and off, thus switching relay K101A between +
and —. I a high appears at the output of U728, K101A
switches to the — position and if a low appears, it remains
in the + state The inputs to U33C and U and to U72A and
C are controiled by the voitage levels on connectors T and S
as shown in Table 3-2. Setting the Terminal Selector switch
to EMITTER TERM STEP GEN has the same effect on the
voltage level of connector T as pressing the POLARITY
INVERT button. 1T the POLARITY INVERT button js
pressed, however, the Terminal Selector switch has no
effect on the voltage level at connector T and vice versa.

TABLE 3-2

Step Generator Polarity Logic

COLLECTOR Conneciors
SUPPLY POLARITY Pin 6

POLARITY INVERT T S 728
AC Pressed H L H
AC Not Pressed H H L
+H{NPN) Pressed H L H
+{NPN}) Not Pressed H H L
—({PNP} Pressed L L L
—~{PNP} Mot Pressed L H H

Output Amplifier. The step output amplifier transfarms
the output steps of the current to voltage amphifier {or
inverter}) into current or voltage steps of various amplitudes
as determined by the AMPLITUDE switch. It is basically a
differentiat amplifier with separate feedback to each input
The negative input side of the amplifier controls the ampli-
tude of the output steps. The positive input side of the
amplifier provides either current regulation or a constant
operating level. To obtain current steps {see £ig. 3-7A), the
gain of the negative side of the differential amplifier is set
far an gutput of 1 volt per step. This cutput is then trans
mitted through a variable resistance in series, Current Set-
ting Resistors. With the constant voltage per step relation-
ship across the current setting resistors, the current per step
oulput can be varied by changing this resistance in series
Te obtain voliage steps, the input resistance to the nega-
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Fig. 3-7. Block diagram of Step Output Amplifier: (A) Current Mode, (B) Voltage Mode.

tive input, the voltage setting resistors, is changed, thus
varying the feedback gain of that side of the differential
amplifier. In this manner voltage steps of various amph-
tudes are obtained.

Current Mode. Input to the negative side of differential
comparatar Q150 {the base of Q150A} is always through
VOLTAGE SETTING RESISTORS R141 through R145_ In
the current mode, this input resistance is set at 3.01 k2
(R141} for all current positions of the AMPLITUDE
switch. When 1/2 volt steps are applied to the base of
Q150A through K141, they are inverted, applied to the
base of Q164 and inverted again. The steps are then trans-
mitted through emitter follower Q169 to the bases of Q172
and Q176. Depending on the position of relay contacts
K1028 and K102C, either Q172 and Q180 or Q176 and
184 are turned on. If, for example, K102B and K102C are
in the + positions signifying positive-going steps out, Q176
and Q184 are on the Q172 and Q180 are off. In this case
the input to Q176 is negative-going steps. They are inverted
by Q176 and the resulting positive-going steps are trans-
mitted through emitter follower 0184 to the negative side
of the floating BG-volt supply. Each time a positive step
occurs at the negative side of the 50-voit supply, the supply
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is pushed up by the amount of the step. The positive side of
the 50-volt supply is connected to both the feadback resis-
tors and the input to the current setting resistors, so that
each time the 50-volt supply is raised by a step, the voltage
at this connecting point is also raised by the amount of the
step. Due 10 the presence of the 50-voh supply, the voltage
at the input to the current setting resistors is offset by bC
volts. To compensate for this offset, 50 volts of opposing
offset is added to the input of the current setting resistors
through relay K10Z2A. If K1028 and K102C are in their —
positions, 0172 and Q180 are on and Q176 and Q184 are
off. In this case negative-going steps are applied to the
positive side of the 50-volt supply and negative-going steps
appear at the input tc the current setting resistors.

The output of the negative side ¢f the differential ampli-
fier at either K10Z8 or K102C is fed back to the base of

Q105A through feedback resistor R194 Since R194 is 6.04
kQ and the input resistance, R147, is 3.01 k82, the feed-

hack gain of this circuit is 2, For a half volt per step input,
the resulting output of the negative side of the differential
amplifier {as seen by the input to CURRENT SETTING
RESISTORS R187 through R218) is steps of one volt per
step, the zero level being at ground. {(If offset has been

®
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added in the step generator circuit, the sero step level may
range from 010 10 volts. )

The output end of the current setting resistors is con
nected through the device under test to ground. When valt.
age steps of 1 volt per step are applied between the input
end of the current selting resistors and ground, current
steps of varisbie amplitude flow through the device under
test. The current amplitude of the steps is determined by
AMPLITUDE switch SW19% (see Step Generator Switching
schematic}, which chooses various cormbinations of resistors
R197 through R216.

fn order to obtain calibrated current steps, the voltage
across the current setting resistors must be held at 1 volt
per step. The voltage at the output, however, may vary by
the amount of the turn-or voltage of the device under test
and alter the current per step output of the step generator.
To compensate for this turn-on voltage, any variation from
ground of veltage at the input to the device under test is
transmitted through the +1 amplifier to the positive side of
the differential ampfifier. This starts a reguiating precess
which causes the voltage at the input to the current setting
resistors to move in the same direction as the turn-on volt-
age at the output, thus nullifying its effect.

The +1 ampiifier s made up of paraphase amplifier
Q229A and 8, constant current sources Q233 and Q226,
and emitter followers Q235 and Q241 in the current mada,
any voltage at the input of the device under test is trans-
mitted through R220 to the high impedance gate input to
Q220B. If, for example, this variation is a rise in voitage at
the gate input, it will be accompanied by a rise in voltage at
the drain of Q229A, due to the paraphase operation of
Q229A and B. Raising the voltage at the Q2264 drain raises
the base of emitier follower Q235%, and thus the base of
ermitier foliower Q241 As the emitter of Q241 follows its
base up, it pulls the voltage at the gate of Q266A up s that
it is equal to the voltage at the gate of Q266R. This rise in
voltage at the gate of Q266A is then transmitted to the base
of Q150B (positive side of the differential amplifier)
through feedback resistors R243 and R244. The +1 ampli-
fier, therefore, transmits any voitage variation from the in-
put to the device under test to the input to the base of
Q150B with no change in amplitude or polarity. In per-
forming this task, the +1 amplifier provides the voitage vari-
ation with a high impedance input and a low impedance
output. When the rise in voltage at the base of Q1508 has
been transmitted to the input to the current setting resis-
tors, it compensates for voitage variations at the input to
the device under test holding the voltage acrass the current
setting resistors at 1 volt per step. AMP BAL R2724
adjusts the DC balance of paraphase amplifier 0229, and
also compensates for unbalance in Q150. QUTPUT 7
adjustment R243 adjusts the output impedance of the step
amplifier.

Relay K101B and Q248 or Q250 are used to limit the

vottage which may be applied to a device under test in the
reverse direction using opposing offset. 1f, for example,

@
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positive gomyg steps are to be applied to the device under
test, K1018 is in the 4 position. 1f negative offset is applied
1o the device under test by pushing the OPPOSE button
and turning the OFFSET MULT control clockwise, the step
generator will attempt to conduct negative current at the
input to the device under test. In daing this, the vottage at
the irputl and thus the voitege at the Q2298 gate input is
driven down. When the voltage goes approximately 2 volts
befow ground, Q248 turns on. With Q248 on, the negative-
going voltage steps ai the hase of Q1504 are limited, thus
limiting the output of the output amplifier (the input to
the device under test) to about 2 volts. This amount of
voliage should not damage a device under test,

Voltage Mode. Voltage steps are obtained from the out-
put amplifier in a manner similar to that used to abtain
current steps. For voltage steps, however, the VOLTAGE
SETTING RESISTORS are changed o abtain the various
voltage amplitudes, rather than the CURRENT SETTING
RESISTORS (which are held constant in the voltage mode).
Also since it is not desirable to regulate the voltage at the
input to the CURRENT SETTING RESISTORS in the volt-
age mode, the feedback to the positive side of the differen-
tial amplifier through the +1 amplifier is disconnected and
the input to the +1 amplifier is connected to ground. The
base of QI50B Is, therefore, held at essentially ground.
Since the output of the +1 amplifier is at ground, reverse
voitage Himiting transistors Q248 and Q250 are disabled in
the voltage mode.

In the voltage mode whan steps of 1/2 volt per step are
appiied to the step output amplifier, they are transmitted
through VOLTAGE SETTING RESISTANCE R141
through R145, the input resistance. By varying this input
resistance with respect to constant feedback resistance
R194, the feedback gain of the negative side of the differ-
ential amplifier is changed, thus varying the ampiitude of
the voltage steps. After being conducted through the volt-
age setting resistors, the steps are amplified and transmitted
through the negative side of the differential ampiifier in the
same manner as described in the current made section.
When the voltage steps reach the CURRENT SETTING
RESISTORS, they are transmitted through a nominal resis-
tance (R215 and R216) of 5 (2, for all voltage positions of
the AMPLITUDE swiich, before being applied to the device
under test. Voltage steps of varying amplitudes, as dater-
mined by the AMPLITUDE switch, are then developed
acrass the input impedance of the device under test. Fead-
back to the input to the differential ampiifier occurs at the
output of the current setting resistars, therefare, mini-
mizing the effect of R215 and R216.

When using voltage steps, the current conducted at the
step generator input to the device under test may increase
guite rapidly and possibly damage the device under test
(especially when testing transistors). As a means of limiting
this current in the voltage mode, current limiting resistors
R185, R186 and R187 are added to the output amplifier
circuit by the AMPLITUDE switch. Thoese resistors limit
current at the Step Generator Output by limiting current
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Standard Test
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Fig. 3-8. Simplified schematic of Display Sensitivity Switching and Standard Test Fixture schematics for measurement of collector current
(I) and collector-emitter voltage (VCE) or collector-base voltage (Vepg).
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through R165, R166 and R1G7. As the voitage steps in-
crease through Q176 and Q184 or through Q172 and G130,
the current increases through the current limiting resistors.
This current increase causes the vollage drop across the
resistcrs 1o increase. U positive-going steps are being pro-
duced, this Increase in voltage drop is transmitted through
Q176 and Q169 to the junction of R166 and R167. As the
voltage drop increases, the voitage at this junction point
goes down. When the voltage reaches about —2.3 wvolts,
D165 forward biases, clamping the voltage at the base of
Q169. This prevents generation of further steps. When
negative-going steps are being produced, the drop across the
current limiting resistors is transmitted through three base-
emitter junctions, Q180, Q172 and Q169, 1o the junction
of Ri66 and R167. As voltage drop increases, the voltage at
the collector of Q164 goes up. When this voltage reaches
+12.5 volts, Q189 is saturated, and again no further steps
can be generated. The CURRENT LIMIT switch determines
the number of resistors to be included in the current lim-
iting resistance, therefore determining the amount of cur-
rent necessary to either turn on D165 or saturate Q169.

Circuit Description—Type 576

VERTICAL AND HORIZONTAL DISPLAY
Signal Sensing and Display Sensitivity

Once the Collector Supply and the Step Generator Out-
put have heen applied to the device under test, measure-
ments of the voltages and currents seen at the terminals of
the device under test may be displayed on the vertical ang
horizontal axes of the CRT. These measurements are made
by first sensing the current or voltage through current
sensing resistors or voltage dividers, then amplifying the
measurement with the display amplifiers and applying the
measurement 1o the deflection plates of the CRT. The posi-
tions of the HORIZONTAL, the MODE and the Terminal
Selector switches determine which measurements are made.

Collector Current Sensing. Hf the MODE switch is set to
either NORM or DC, collector current (Ic) is measured on
the vertical axis of the CRT. Collector current is measured
by placing a resistor between ground and the current return
to the collector supply and measuring the voltage developed
across this resistor {see Fig. 3-8 and Fig. 3-9}. By varying

Standard Test
Fixture Schematic
N
— f = LYY
t5, 16, 32 9 Collector
Supply
g Qutput
,__/—l_r : Collector
4 EMITTER Supply
GROUNDED .
Step To Horlzgnta_l Current
Generator ,/ BASE Display Switching Return
/ TG ROUNDED \
A
ya . Pins
Terminal EMITTER Pins & 13 28 79
Selector |~ ~ - GROUNDED 1,12,27 : . '
R'B
BASE
GROUNDED
f Pime Rg R405 through R409
9,10, 286
P R R414 through R422
g Rg To Vertical ,
; Display Switching R'g R442 through R445
g Rp & RE  R427 through R430
3 >
g
P
£
2 MNote:
z Pin nurnbers refer to

it e R TR T 7

connectors J360

Fig. 3-9. Simplified schematic of Disptay Sensitivity Switching and Standard Test Fixture schematics for measurement of collector current

(I¢) and base-emitter voltage (VBE) on emitter-base voltage (VER).

®
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Fig. 3-10. Simplified schematic of Display Sensitivity switching and Standard Test Fixture schematics for measurement of emitter current (Ig)
collector-base current (I¢gp) collector-emitter voltage (VCE) or collector-base voltage (VCR).

the value of this current sensing resistor (Rs), the deflection
tactor of the display on the CRT may be varied.

Leakage Current Sensing. | the MODE switch is set to
LEAKAGE, emitter current (tg} or collector-base current
{lceo!) is measured on the vertical axis of the CRT. Emitter
current is measured by placing a current sensing resistance
between the emitter terminal of the device under test and
ground, and measuring the voltage developed across it (see
Fig. 3-10). If emitter current is to be measured, the Term-
inal Selector switch must be set to GROUNDED EMITTER
BASE TERM OPEN or BASE TERM SHORT. When the
Terminal Selector switch is set to BASE GROUNDED
EMITTER TERM OPEN, collector-base current is measured
on the vertical axis. In this case the current sensing resistor
is connected between the base terminal and ground. As
when measuring collector current, the deflection factor of
the display, when measuring emitier -current and collector-
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base current, can be varied by varying the current sensing
resistance. |1 should be noted that the deflection factor of
the weritical display is always decreased 1000 times when
the MODE switch is set to LEAKAGE and the collector
supply operates in its DC mode.

Voltage Sensing Normal Mode. Either collecter or base
voltage may be measured on the horirontal axis of the
CRT. depending on the position of the HORIZONTAL
switch. When the HORIZONTAL switch is in its COLLEC-
TOR range, voltage is measured hetween the collector and
emitter terminals of the device under test, VCE (Terminal
Selector switch set to EMITTER GROUNDED]), or between
the collector and base terminals, Vg, (Terminal Selector
switch set at BASE GROUNDED). When the HORIZON-
TAL switch is in its BASE range, voltage is measured be-
tween the base and emitter terminals, Vpg (EMITTER
GROUNDED), or between the emiiter and base terminals,

@




VER (BASE GROUNDED). By use of a variable voltage
divider across these terminals, ihe deflection factor of the
horisontal display can be varied

Voltage Sensing Leakage Mode. VWhen the Mode switch
ts set to LEAKAGE, only the measurement of VeE and
VR are useful. In this situation a sfight error in voltage
measurement occurs whenever the VERTICAL switch is set
within the 500 nA tc 1 nA EMITTER range. !n this range
(see Fig. 3-10} the horizontal display is a measurement of
coliector voltage to ground, rather than collector to emitter
or callector to base voltage. As discussed previcusly, when
current measurements are made in the leakage mode, the
current sensing resistor is between ground and the emiiter
or ground and the base terminal. Any measurement of volt-
age between the cotlector and ground, therefore, measures
the voltage drop across the current sensing resistor and adds
it to the desired measurement of V(g or V. The correct
values of VCE or Vg can be determined by subtracting
the voltage drop across the current sensing resistor from the
total measurerment shown on the horizontal axis of the
CRT. See the Horizontal Measurement and Sensitivity sec-
tion of the Operating tnstructions for instructions on how
to determine this error voltage.

Display of Step Generator. |7 either the VERTICAL or
the HORIZONTAL switch is set to STEP GEN, the 1/2 volt
steps at the input to the output amplifier section of the
step amplifier (see Fig. 3-7) are applied to the inputs to the
vertical display amplifier or the horizontal display amplifier
{see Fig. 3-11). 1 both switches are set 1o STEP GEN, the
1/2 volt steps are applied to the Horizontal Display Ampii-
fier only.

Vertical and Horizontal Positioning

The positioning of the display on the CRT is determined
by current applied to the low impedance inputs of the Dis-
play Amplifiers at the emitters of Q533A and B in the
vertical display amplifier, and G633A and B in the horizon-
tal display amplifier (see discussion of Display Amplifiers).
This current comes from many individual current sourees
which are controlled by the POSITION switches, the FINE
POSITION controts, the POLARITY switch and the DIS-
PLAY OFFSET controls (see the Display Positioning
schematic).

The POSITION switches and the FINE POSITION con-
trols allow both coarse and fine positioning of the display.
The current for the coarse control comes from resistors
R480 through R483 (vertical) and R490 through K493
{harizontal). These resistors are all connected to the —75
volt supply, making them current sources. Each of these
current sources is connected between a pair of contacts.
When one contact of a pair is closed, this current flows into
one side of the display amplifier. 1f the other contact of the
pair ts closed, the current flows into the other side of the
amplifier. The matrixes for the POSITION cam switches
show that at all times one contact of each pair must be
closed, but never both closed at once. This assures that the
sum of the positioning current flowing into the amplifiers is

Circuit Description—Type 576
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1/2 volt steps—j:) N
from R139 R447

Fig. 3-11. Simplified schematic of Display Sensitivity Switching
when VERTICAL and/or HORIZONTAL switches are set to STEP
GEN.

always a constant. Each POSITION switch provides 20 divi-
stons of positioning in five division steps. The FINE POSI-
TION controls, R488 (vertical) and R498 (horizontal) oper-
ate in a similar manner 1o the coarse conirols except that
the adjustment is continuously variable.

The POLARITY switch provides automatic positioning
of the display when switching between the AC, +{NPN) or

—(PNP) postiions of the switch. This pasitioning current is
obtained in the same manner as the coarse positioning cur-

rent. Current sources R474 and R475 (vertical) and R477
and R478 (horizontal} provide this positioning current.

The display may also be positioned by the calibrated
CENTERLINE VALUE switch. This cantrol effects the cir-
cuit only when the DISPLAY QFFSET Selector switch is
switched to one of its VERT or HORIZ positions and
affects only one display amplifier at a time. When the DIS-
PLAY OFFSET Selector switch is set to NORM (OFF},
current sources R468 and R469 (vertical) and R471 and
R472 {horizontal) supply current to the display amplifiers.
When, for example, the switch is set to VERT, R468 and
R469 are disconnected from the circuit and an equal
amount of current is supplied to the vertical display ampli-
fier by current sources R450 through R464. These resistor-
contact combinations are controlled by the CENTERLINE
VALUE switch and operate identical to the POSITION
switches. The CENTERLINE VALUE switch provides 10
divisions of calibrated pesitioning in half-division steps.
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Display Switching

Once the desired voltages and currents have been sensed
by the display sensitivity switching circuit, and once the
desired positioning currents have been obiained from the
display positioning circuit, the resulting voltage signals and
positiocning currents must be applied to the display
amphifiers. Before being applied to the display amptifiers,
however, these signals pass through the display switching
circuit {see the Display Amplifiers and Display Paositioning
schematics).

Under normal operating conditions with neither the DIS-
PLAY INVERT, the ZERC nor the CAL buttons pressed,
these signals and currents pass directly 1o the display ampli-
fers. If the DISPLAY INVERT button is pressed, however,
the signal and current input lines to both amplifiers are
reversed, This causes the display on the CRT to be inverted,
both vertically and horizontally.

The ZERQ button, when pressed, disconnects the signal
input tines from both pairs of high impedance inputs and
shorts the input pairs together. This provides a zero refer-
ence for both display amplifiers. If the DISPLAY QFFSET
controls are being used when the ZERQO button is pressed,
offset positioning current is caused to flow as if the
CENTERLINE VALUE switch were set to O (see Display
Positioning schematic and discussion of positioning).

The CAL button, when pressed, disconnects the signal
input lines from both pairs of high impedance inputs and
applies a substitute voitage across each input pair which
should cause full graticule deflection (10 divisions by 10
divisions). This provides a means of checking the accuracy
of calibration of the display amplifiers. The substitute volt-
age is determined by R501 through R%13 and by DR07.
Since each display amplifier has three gains to check, three
substitute wvoltages must be available. Relays K537C,
Kb41C, KB37C and KB41C determine which vokltages are
applied to the high impedance input pairs for various
settings of the VERTICAL and HORIZONTAL switches. If
the DISPLAY OFFSET current controls are being used
when the CAL button is pressed, offset current is caused to
flow as if the CENTERLINE VALUE switch were set to 10.

Display Amplifiers

The vertical and horizontal display amptifiers are identi-
cal with a few minor exceptions. They are both differential
amplifiers, each with two sets of differential inputs and one
set of differential outputs. One set of differential inputs is
high impedance and receives its inputs from the display
sensitivity switching circuit. The other set of differential
inputs is low impedance and their inputs are the differential
positioning currents from the display positioning circuit.
The differential outputs are connected to the deflection
plates of the CRT and control the potential on the deflec-
tion plates.

The simplified schematic in Fig. 3-12 will help in under-
standing the operation of the disptay amplifiers. The dis-

3-18

play amplifiers control the voltage between the deflection
plates of the CRT by controlhng the currents through load
resistors R and Ry 2. The currents I 1 and I con-
ducied by the load resistors are controlled by two means:
differential current !¢ and positioning currents [p7 and Ipo.
The differential current flows through source coupling resis-
tor Rg whenever there is a differential voltage signal applied
to the high impedance gate inputs of FETS Q1A and Q18.
Pasitioning currents Ip1 and ip2 are determined by the
resistance between the emitter of Q2A and —75 volts and
hetween QZB and —75 volts, respectively.

The relationship between the load resistor cusrents and
the ather currents in the amplifier is as follows:
L. = 1Ip — {Ip + !st (Equation 3-1)
Equation 3-1 pertains to the currents which flow in one
side of the amplifier. I is either positive or negative, de-
pending on whether it adds to or subtracts from Ip. ID
represents the FET drain current. It originates from a con-
stant current source and is the same in each side of the
amplifier. This equation also shows that the load current is
dependent on the interaction between the differential
current {ls] and the positioning current {Ip}.

To understand the operation of this circuit, first assume
that the amplifier is operating in a balanced condition
where the two positioning currents are egual {Ilp1 = ip2)
and there is no voltage difference between the two high
impedance inputs (15 = 0). In this case, the load currents on
each side of the amplifier are equal to || (. Equation 3-1,
then, becomes:

o= Ipr =12 =tpt —Ip=lpz —ip {Equation 3-2}

To illustrate the effect the high impedance inputs have
on the load current, assume that a difference in voltage is
applied across the gates of Q1A and Q1B, making the gate
of Q1A mare positive. This voltage differential causes dif-
ferential current lg to flow through source coupling resist-
ance R With this additional current {Ig) flowing through
Q1A, less current is needed from Q2A to keep drain current
I constant. The current conducted by Q2A is thus
reduced to ip - Ig. Since the positioning current ip1,
which supplies the current conducted by Q2A, is atso con-
stant, there is a surplus of positioning current created equal
to |5 which must be conducied by O5, and therefore R 1.
The load current is increased to 11 = Lo + lg. On the
other side of the amplifier, the current through Q2B is
increased to Ip + lg, which decreases the load current
through Q6 and R 2 to I 2 =l — |g. For this example,
it can be seen that whenever a differential voltage occurs
between the two high impedance inputs, the ioad currents
change, thus changing the voltage potential between the
deflection plates of the CRT.

To iliustrate the effect the positioning currents have on
the load currents, assume that the voltages at the high
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Fig. 3-12. Simplified schematic of disptay amplifier.

impedance inputs are equal (I5 = 0} and that the positioning
currents are unequal {ipt # Ip2). From Equation 3-1 the
load currents are found to be:

L1 =1p1 —Ip {Equation 3-3)

ILz2=1p2 —ip (Equation 3-4)

By subtracting Equation 3-4 from Equation 3-3, it is
shown that the difference in the two load currents exactly
equal the difference in the two positioning currents.

@&

[L1— 1 2=1p1 —Ip2 (Eguation 3-5)

Since the positioning currents are not unequal, the load
currents (l; 1 and [ 2) are unegual, which again charges the
voltage potential between the deftection plates of the CRT.

These two examples have shown that the voliage be-
tween the deflection plates {and thus the position of the
electron beam as it strikes the face of the CRT) is con-
trolled by two means, the voltage applied to the high
impedance inputs and the positioning currents applied to
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the fow impedance inputs. Equation 3-1 shows this relation
ship.

It should be noted that it is transistors O3 and Q4 which
cause Q5 and Q6 10 conduct more or tess load current. As
in previcus examples, assume the normally constant drain
current Iy conducted by C1A is caused to increase either
by increasing I or Ipq. This increase in I causes the source
voltage of QTA to go negative, causing Q3 to conduct more
current. This in turn causes Q% 1o conduct more current.
The additional current conducted by Qb reduces the
current threugh Q2A and causes the drain current iy 1o be
reduced back tc its normal constant value,

The gain of the display amplifiers is adjustied in two
ways. The overall gain is controlled by varying the load
resistance {R 7 and Ry2). Adjusting the load resistance
affects the gain of the high impedance inputs, as well as
that of the positioning current, R 1 and R 2 are adjusted
so that the positioning inputs provide the proper deflection.
Varying the source coupling resistance (Rg) sets the gain of
the high impedance inputs only. R is adjusted to match the
high impedance gain to the positioning inputs.

By switching Rpg into the circuit, the overall display
amplifier gain is increased by a factor of 10. Load cur-
rents i3 1 and 12 flow through resistors Ry1 and Ryo.
When Rp is in the circuit, any change in the current
through RN1 and Rn2 causes a voltage across Rpg. This
voltage across RM causes additionaf foad current 1o be con-
ducted by Q5 and 06, ioad current which is not fett by the
emitters of G2A and Q2B, For a given change in current at
the emitters of QZA and Q2B, therefore, a greater change in
load current through Q% and Q6 occurs, causing additional
gain of the display amplifier. The gain of the circuit under
magrified conditions is controlled by adjusting Rp.

Vertical Display Amplifier

The Display Amplifiers schematic shows the complete
schematic of the vertical display amplifier. The table in Fig.
312 relates the transistors and FETs in the simplified
schematic with those in the actual schematic of this circuit.

The complete schematic shows that the high Impedance
inputs of the ampiifier have three separate gains (Rg has
three different values). As has been mentioned previously in
the discussion of the signal sensing and display sensitivity,
the deflection factor of the vertical display is partially de-
termined before the measurement is applied to the high
impedance inputs. The three gains of the vertical display
amplifier allow the vertical display to have three different
deflection factors for each voltage signal applied to the high
impedance inputs in a 1-2-5 relaiionship, 1'S GAIN adjust-
ment B541, 2'S GAIN adjustment RS38 and 5'S GAIN
adjustment RH36 determine the three gains of the high
impedance inputs. Relays K537A and KB41A determine
which resistors will control the gain for the various posi-
tions of the VERTICAL switch. VERT QUTPUT GAIN
adjustment R592A and B determines the overall gain of the
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vertical display amplifier by allowing adjustment to the
load resistors By 1 and R 9.

The overall balance of the positioning currents of the
vertical display amplifier is controlled by VERT CENT
adjustment R5381. In addition, 1'S BAL adjustment R5B0
and 2'S BAL adjustrment BR545 provide positioning current
balance when the VERTICAL switch is set to a position
with a one times or a two times multipiier, respectively.
Relays K5637B and Kb41B determine which resistors con-
irol the positioning current balance for various positions of
the VERTICAL switch.

When the DISPLAY OFFSET Selector switch is set to
VERT X10, Rb74 and VERT MAG GAIN adjustment
RE73 are added to the vertical display amplifier circuit.
These resistors constitute Rp and increase the sensitivity of
the vertical display 1C times. R580 is always in the circuit
and gives the output stage an unmagnitied gain of about
1.8.

Horizontal Display Amplifier

The Display Amplifiers schematic shows the complete
schematic of the horizontal display amplifier. The table in
Fig. 3-12 relates the transistors and FETs in the simplified
schematic with those in the aciuval schematic of this circuit.

The horizontal display amplifier operates basically the
same as the vertical display amplifier. 1'S GAIN adjustment
R638, 2'S GAIN adjustment R636 and 5'S GAIN adjust-
ment R641 control the three gains of the horizental high
impedance inputs. Relays KB37A and K841A determine
which resistors will control the gain for the various posi-
tions of the HORIZONTAL switch. HORIZ OUTPUT
GAIN adjustment RB92A and B controls the {oad resis
tance. ORTHOG adjustment RE85 interacts with the verti-
cal display amplifier and allows adjustment of the ortho-
gonality of the display on the CRT. When the DISPLAY
OFFSET Selector switch is set to HORIZ X10, R674 and
HORIZ MAG GAIN adjustment RG73 are added to the
circuit and form Rpq. R680, tike R580, is always in the
circuit and gives the output stage an unmagnified gain of
about 1.8.

The overatl balance of the position currents of the hori-
zontal display amplifier is controlled by HORIZ CENT
adjustment R681. In addition, 1°'S BAL adjustment R650
and 'S BAL adjustment R645 provide positioning current
balance when the HORIZONTAL switch is set to a position
with a one ftimes or a five times multiplier, respectively.
Relays K637B and K641B determine which resistors con-
trol the positioning current balance for various positions of
the HORIZONTAL switch.

Readout

A display of the vertical and horizontal defiection fac-
tors, the step amplitude and the § or gy, per division (verti-
cal deflection factor divided by step amplitude) is given to
the right of the CRT. This display of numbers and units is
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obtained through the use of fiber-optic readout. Fiber-optic
readout involves the use of plastic fihers of very srmall
diameter, called light tubes, for transferring iight from one
place 1o another. The light tubes are designed so that the
hght incident at one end of the tube is transmitted through
the tube to the other end. If the cutput end of the tube is
viewed directly, the output light looks fike a small dot. This
transmission of light occurs even if the light tubes are bent
at shight angles. In order to form a character, many light
tubes are arranged so that their output ends, the dots of
fight, are in the configuration of the character to be
formed. The input ends are then arranged so that they
receive their incident light from the same light source. In
some cases it may take two or more light sources to form
one character. Whenever the proper light source {or
sources) is illuminated, the desired character appears. It is
the purpose of the readout circuitry, therefore, ta light the
readout lamps so the deflection factors they indicate cor-
respond with the CRT display deflection factors deter-
mined by the pasitions of the VERTICAL and HORIZON-
TAL switches, the MODE switch, the DISPLAY OFFSET
Selector switch, the AMPLITUDE switch and the .1X STEP
MULT button.

The inputs for the readout logic come from logic lines
whose logic levels are controlled by the switches shown on
the Readout Switching and Interconnections schematic, or
by externally provided logic levels. The form of the inpuls
is a high-low code. Normatly all inputs are high and the
code is determined by switching some of the logic lines to
ground. Ground reference is generally provided directly as
part of the switch. However, in the case of the vertical and
horizontal switches, ground is provided through saturation
transistors Q200 and Q943 respectivety. If lows are applied
to pins 7 and 20 of U363, these transistors are turned off. In
this case ground reference for the affected logic lines must
then be provided externatly.

The readout logic (see Readcut Logic schematic) pri-
marily consists of integrated circuit decoders. These de-
coders receive inputs from the incoming logic lines in terms
of the above-mentioned switch code. This input cods is
then translated into a high-tow lamp code which appears on
the output logic fines. Each of the output logic lines is con-
nected to a readout lamp (see Readout Lamps schiematics)
and each lamp illuminates one character of one part of a

character. A low on a readout lamp causes the lamp to iight.

The intensity of the readout is determined by the Do 4.5
voll supply.

The readout logic circuitry aiso generates a lamp code
which produces a readout of beta or transconductance
{am!} per division. This § or gm readout lamp code is ob-
tained by dividing the vertical lamp code by the steps lamp
code.

The decoders which control the horizontal deflection
tactor readout are U951 and U953 Inputs to these de
coders are controlled by the HORIZONTAL switch, the
DISPLAY OFFSET Selector switch or by externally

@
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applied Inputs 10 J363. Outputs from these decoders go to
the horizontal readout lamps. As an example of how a lamp
code is generated, assume that the HORIZONTAL switch is
sel to .5 V COLLECTOR and the DISPLAY OFFSET
selector switch is set to NORM (OFF). Due to the closing
of contacts by the HORIZONTAL cam switch [see the
Readout Switching and Interconnections schermatic), lows
are applied to the inputs to U951 and U953 at connectors
13, T, and S of P50 (see Fig. 3-13). The other inputs to
the horizontal decoders are hetd high. The output lamp
code resulting from this input code is lows at lamp input
connectars F, 1, J, L, A, C, D and E. The resulting PER
HORIZ DIV readout is 500 mV, which corresponds with
the .6 V COLLECTOR position of the HORIZONTAL
switch.

Decoders U956 and U960 control the vertical deflaction
factor readout. Inputs to these decoders are controlled by
the VERTICAL switch, the DISPLAY OFFSET Selector
switch, the MODE switch and externally applied inputs to
J363. Outputs from these decoders go to the vertical read-
out lamps. The horizontal and vertical decoders are affected
by these logic inputs, at pin U, pin Y and pin 12 of J363,
whose logic levels may only be determined externally.

Decoders U965 and U970 controi the step amplitude
readout. Inputs to U965 and U970 are controlled by the
AMPLITUDE switch, the STEP MULT .1X button and
externally applied inputs to J361. Outputs from U965 and
U970 go to the steps readout lamps.

The beta or gm generator consists of U974, U975 and
U976. The input code received by these decoders is a com-
bination of logic levels coming in part from the vertical
lamp code, and in part from the steps lamp code. The out-
puts from these decoders go to the beta readout lamps.
Q960 and Q974 decode the logic levels appearing at pins 13
and 15 of U960 and pins 13 and 15 of U970, Q977 and
Q979 provide a means of lighting the 1,4 lamp (connector
Bl) whenever the 2 5 lamp (connector AR) is off.

Power Supply

The Type 576 can be operated either from a 115-volt or
a 230-volt line voltage source. The low voltage power sup-
ply (see Fig. 3-14) consists of a single transformer, T701,
which has nine secondaries. This supply provides six regu-
lated voltages: —7% volts, —12.5 volts, +b volis, +12.5 volts,
+15 volts and +100 volts. It also produces a regulated vari-
able voltage of 0 to 4.5 volts, one unregulated voltage of
+50 volts and an AC voltage to drive the POWER ON light
and the GRATICULE ILLUM lights. The windings pro-
viding a source of clock pulses for the step generator and
the CRT heater are among the nine secondaries of T701.
All the regulated powsr supplies are completely short
proof.

Input Circuit. When the POWER switch is switched to
ON, line current flows from the input, P781 {see Power
Supply schematic}, through power switch SW701, fuse
F701, Thermal Cutout TK701 and into the primary wind-
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Fig. 3-13. Example of operation of Horizontal Readout decoders.

ings. For 115-volt operation the LINE SELECTOR switch
connects the two primaries in paratlel and for 230-volt op-
eration cannects them in series. For 230-volt operation,
F703 is connected into the circuit, The RANGE SELEC-
TOR plug determines how many turns of each primary
winding are utilized tc compensate for variations in line
voltage.

~75-voit Supply. The —75-volt supply consists of diode
bridge D708 A, B, C and D, filter capacitors C708 and
C707, comparator Q716A and B, emitter follower 0729,
short protection Q725 and Q727. and series regulator
Q734,

9-volt Zener diode D708 sets the base voltage of compar-
ator transistor Q716A while the guiescent voltage at the
base of Q7168 is set by —75 V adjustment R721. Any
variation in the —75-volt supply voltage is compared by
Q716A and B. The resulting rise or fall in voltage across
R715 is transmitted by Q729 to the base of series regulator
Q734. Any change in voltage of the —75-volt supply will be
opposed by a change in current through the series regulator.

The output current of the —75 volt supply is limited to a
value less than normal whenever the supply is shorted to a
voltage between —75 V and chassis ground. The supply
current of the —75 volt supply is conirolled by the voltage
across R73%, which is dependent on the base voltage of
Q734, This voltage is in turn dependent on the voltage
across R730 and R731, As the —75 volt supply becomes
more positive {due to shorting it 10 a more positive supplyl,
the voltage at the base of Q734 is raised, causing more
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supply current to be conducted through R/3b. As the sup-
ply voltage becomes more positive, the voltage at the june-
tion of R730 and R731 rises high enough to turn on Q727.
When Q727 turns on, it begins puliing down on the base
voltage of Q729 and down on the base voltage of 0734,
thus limiting the supply current. The output current of the
—75-volt supply comes less, the closer the supply voltage is
to ground.

D732 prevents the suppty from going more than 0.6 volt
above chassis ground if the —75 volt supply is shorted to a
positive voltage. D722 protects the —12.5 volt supply if itis
shorted to the —75 volt supply. If the —12.5 volt supply is
pulled negative, D722 turns on when the supply is about at
—15 wvolts which disables comparator Q716A and B. The
—-75 volt supply then limits current until both supplies are
at about —2.5 volts. 1f the +12.6 volt supply is shorted to
the +100 volt supply. Q725 turns on. When Q725 is on, it
limits current through R735 in the same manner as dis-
cussed previously for Q727 The result of shorting the
+12.5 volt supply 1o 8 more positive voltage is to turn off
the =75 volts supply. Since the —75 volt supply is the
reference for the —12.5 volt, +12.5 volt, +100 volt, and
CRT voltage supplies, when the —75 volt supply is turned
off, the other power supplies are turned off.

—12.5-volt Supply. The —12.5 volt supply consisis of
diode bridge D/37A, B, C and D, filter capacitor €738,
comparator Q744A and B, emitter follower Q750, short
protection Q748 and series regulator Q756. This circuit reg-
ulates the —12.5-volt supply in essentially the same manner
as the —75-volt supply operates.
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Fig. 3-14. Block diagram of L, V, Power Supply.
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0 to +4.5-volt Variable Supply. The 0 to +4.5-volt vari-
able supply consists of diode bridge O758A, B, C and D,
filter capacitor C759, comparator Q767A and B, emitter
follower Q7/4, short protection Q772 and series regulator
(778, This circuit operates in essentially the same manner
as the —75-volt supply circuit, In this circuit, however, the
reference voltage at the base of Q7674 is variable from O
volts to +4.5 volts by the READOUT ILLUM control,
R760, and divider R762 and R763. The output current of
the supply is limited by Q772.

+5-voit Supply. The +5-volt supply consists of error
amplifier Q780, short protection Q784 and series regulator
(Q787. The supply shares diode bridge D758A, B, C and D
and filter capacitors C758 and C759 with the +4.5-volt sup-
oly. Any variation in the +5-volt supply voltage is amplified
by Q780, causing the base voliage of Q787 to vary in
opposition to the variation of the supply. The current con-
ducted through R788 by the supply is thus regulated,
which in turn regulates the +5-volt supply. Q784 provides
short protection by turning on whenever the current
through K788 becomes excessive. When Q784 turns on, the
base voltage of Q787 is pulled down, limiting the current
through R788.

+12.5-volt Supply. The +12.5-volt supply consists of
dicde bridge D720A, B, C and D, filter capacitor C791,
comparator Q795A and B, emitter foliower Q803, short
protection Q800, and series regulator C808. This circuit
operates in essentially the same manner as the —75-volt
supply. Short pratection of the +12.5-volt supply when it is
shorted to a mare positive voltage is provided by Q726 of
the —7b-volt supply. If the +12.5-valt suppiy voltage is
pulled up, the base of Q725 is also pulled up, turning on
0725, With Q725 turned on, the base of Q729 is pulled
down turning off the —75-voit suppiy, which will turn off
the +12.5-volt supply.

+15-volt Supply, Camera Power. The +15-volt supply
consists of error ampiifier O810, emitter follower Q817,
short protection Q814 and series regulator 0819. The sup-
ply shares diode bridge D790 and filter capacitors C790 and
C791 with the +12.5-volt supply. Any variation in the
+15-voit supply voltage is ampiified by G810, causing an
opposing variation in the voltage at the base of Q817. This
opposing voltage variation is transmitted through the emit-
ter of Q817 to the base of series regulator Q819 where it
controls the current conducted by K819 and thus regulates
the supply. When enough current is conducted by 0819 10
turn on Q814, the voltage at the base of Q817 is pulled
down, thus limiting the current through 0819,

+50-volt Supply. The +50-volt supply consists of diode
bridge D821A, 8, C and D, and filter capacitors C822 and
C823. 1t is a floating unreguiated supply used to power the
step amplifier output.

+100-volt Supply. The +100-volt supply consists of
diode bridge D828A, B, C and D, filter capacitor C829,
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error amplifier Q834, emitter follower QBAD, short protec-
tion Q837 and series regulator Q846 Any variation in volt-
age by the +100-volt supply is amplified by G834 and trans-
mitted through Q840 to the base of Q846. Since any varia-
tion in the supply is inverted by Q834 the base voltage of
Q846 will always move in opposition to a variation of the
supply. The current conducted by R846, therefore, also is
conducted so as to oppose any change in supply voltage.
When enough current is conducted by (846 to turn on
Q837, the voltage at the base of Q840 is pulled down, thus
limiting the current conducted by Q819.

CRT Voltage Supply

The CRT power supply produces two high voltages, —4
kV and +225 volts, for operation of the CRT and its related
controls. In addition, the +225-volt supply is used by the
display amplifiers. The source of power for the two supplies
is a high frequency {about 28 kHz) Hartley ascillator which
consists of Q851 and the two primaries of transformer
T850. The coltector of Q851 is connected through the col-
lector primary, R850 and L850 to the +100-volt supply.
When current flows through the collector primary, a mag-
netic field is built up in the transformer core. Due to this
field, a reverse base current is caused 1o be conducted
through Q851 by the base primary and Q851 is eventually
turned off. With Q851 off, no current flows through the
collector primary. The residual field in the transformer core
now causes forward base current to be conducted through
0851, turning it on. As 0851 turns on, current again flows
through the collector primary, thus beginning a new cycle.
The frequency of the oscillator and thus the output current
of the secondaries is controlled by the voltage on pin 2 of
the base primary.

—4 kilovolt Supply. The —4 kV suppiy consists of half-
wave rectifier D870, filter capacitors C870 and C871, and
divider resistors R875 through R883. This supply is a haif-
wave rectified supply with D870 forward biasing on nega-
tive transistions of the voltage on the —4 kV secondary.
The —4 kV supply voltage after being filtered by C870 and
C871 is reduced by Zener diode DB82 to provide the
—-3890 volt cathode voltage. The grid voltage is controlled
by the divider made up of R832 and INTENSITY control
R883. The voltage on the focus screen of the CRT 1s con-
trolled by FOCUS control R880.

The —4 kV supply is reguiated from a reference suppiy
which is generated by the winding between terminals 6 and
5 of T850. This reference supply consists of half-wave recti-
fier D866 and DY, and filter capacitor C866. The regula-
tor circuit consists of error amplifier Q859 and emitter fol-
lower (855, Any variation in the reference supply voltage
is transmitted to the base of Q852 through divider
R860-R864. The variation is then amplified and inverted by
Q858 and transmitted through Q855 1o the base of Q851,
where it regulates the drive of the oscillator. Any variation
in current conducted by the —4 kV supply is conducted by
R899, which causes the decoupled supply voltage at the
emitter of 0859 to vary, thus compensating for current
variation in the —4 kV supply.



The voltage on the display geometry screen is controfled
by GEOMETRY adjustment R893. The voltage on the dis-
play astigmatism screen is controlled by ASTIGMATISM
adjustment R891. Current for the trace rotation controlling
coil is controlled by TRACE ROTATION adjustment
R897.

Circuit Description—Type 576

+225-volt Supply. The +225-volt supply is generated
from the same transformer winding as the —4 kV reference
supply. It consists of half-wave rectifier D868 and DEGE,
filter capacitors C869, C868 and Q868. Regulation of the
+225-volt supply i supplied by the reference supply
through divider R860 through R864, and through emitier
followers Q866 and QB868.
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