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SECTION 1
SPECIFICATION

Introduction

The 172 Programmable Test Fixture is used with the
Type 576 Curve Tracer. It may be programmed to perform
up to eleven different transistor, JFET, or diode tests with-
out manipulating any of the controls. The 172 advances
from test to test, either automatically or.manually. The
AUTOMATIC test rate is set by the variable RATE control;
it is adjustable from 0.3 Sec/test to 2.0 Sec/test. When the
AUTO-MANUAL switch is in MANUAL, the test sequence
is advanced by pressing the ADVANCE button or the
optional foot switch. A row of eleven lamps shows which
test is being performed.

Special care should be taken not to exceed 10A from
the Type 576 during tests 1 and 2, to avoid damaging
the Type 576. MOSFETS should not be checked with
the 172. The 172 switching transients can destroy
MOSFETS.

TABLE 1-1
ELECTRICAL CHARACTERISTICS

The following characteristics are valid for instruments
operated at an ambient temperature between +10°C and
+40°C after a warmup period of 5 minutes.

The Display Amplifier specifications are for the com-
bination of the 172 attenuators and the Type 576 display
amplifiers, since the Type 576 is used as the readout for the
172.

172

TABLE 1-1 (cont)

NORM,
Offset and Magnified, with [Unmag-

Display Accuracies
(% of Highest On-

Screen Value) centerline value from: nified
100to | 35to 10 to
40 Div | 15 Div | 0 Div

Normal Display
Modes

Vertical Current 2% 3% 4% 3%

NORM
Leakage Display 100to| 35to | 10to | Unmag-
Modes 40 Div | 15 Div | 0 Div | nified
Vertical
CURRENT

10 nA to 3%

0.5 A/Div +1 nA

1nAto 2% 3% 4%

50 mA/Div +1nA [£1nA |£1nA

(Magnified)

52 & 5%

1 nA/Div +1 nA
Horizontal Volts 2% 3% 4% 3%
(Vertical CUR-

RENT of 1 uA/
Div or more)

Horizontal Volts

With Vertical
CURRENT of
100, 10, or |3% plus 0.025 V for each vertical
1 nA/Div division in NORM, unmagnified
mode
200, 20, or |3% plus 0.050 V for each vertical
2 nA/Div division in NORM, unmagnified
mode
500, 50, or |3% plus 0.125 V for each vertical
5 nA/Div division in NORM, unmagnified
mode

Horizontal Base 2% 3% 4% 3%
Volts

Horizontal Volts 2% 3% 4% 3%

Deflection Factor

Vertical

Test 1 (Collectoq l¢; 1 uA to 2 A/div in 20 steps (1,

or Emitter
Current)

2, 5 sequence)

le: 1 nA to 2 mA/div in 20 steps (1,
2, 5 sequence)

1-1
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TABLE 1-1 (cont) TABLE 1-1 (cont)

Test 2 (Collector
Current)

le: 1 mA/div to 2 A/div in 17 steps
(1, 2, 5 sequence)

Tests 3, 4, and
8 through 11

1 MA to 0.5 A/div in 18 steps (1, 2,
b sequence)

Voltage and Current Sources

Collector Sweep

Voltage at Low Line

100 mV/Div to

At least 2 V open circuit, or 1.5 A

(Collector or 200 mV/Div short circuit
Breakdown
Current) 500 mV/Div At least 5V open circuit, or 2 A
short circuit
Tests 5 through 7|1 nA to 0.5 A/div in 27 steps (1, 2,
(Leakage 5 sequence) 1 V/Div to At least 20V open circuit, or
Current) 2 V/Div 150 mA short circuit
Horizontal Test Display Time
(Automatic)
Test 1 0.05 V/div to 200 V/div in 12 steps

(1, 2, 5 sequence)

Test 2 (Base
Voltage)

100 mV/div to 2 V/div in 5 steps
(1, 2, 5 sequence)

Range

At least400 msto 1.5s

Input Z

At least 100 M) at 100 mV/div
and 200 mV/div, 1 M (within 2%)
at 0.5 V/div, 1 V/div, and 2 V/div

Tests 3and 4
(Collector
Voltage)

100 mV/div to 2 V/div in 5 steps
(1, 2, 5 sequence)

Tests 5 through
11 (Breakdown
or Leakage
Voltage)

100 mV/div to 50 V/div in 9 steps
(1, 2, 5 sequence)

Current Supply

0.1 uA to
11 mA

Within 2% %30 nA £1/60 of the
least significant program pin (i.e.,
1/50 of 0.1) with up to 500 V
compliance.

10 mA to
110 mA

Within 2% £1/60 of the least sig-
nificant program pin (i.e., 1/560 of
0.1) with up to 50 V compliance.

Voltage Supply

1V to 500 V

Within 3% 300 mV with at least
0.5 mA compliance

1-2
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TABLE 1-2 W
Test Number Tests That Can Be Performed On: Limitations
Transistors FET's Diodes
1 "Heg, Vee(sat) 'vp v MAX PEAK VOLTS has no 1500 V range
Horizontal D.F. range is 100 mV/div to 2
2 Vgg ¢ V/div. (Other test conditions are the same
as Test 1)
Base Drive: 100 nA to 110 mA
3 Hre, Vce(sat) Ipss, Rpsfon) Collector Sweep: 2 V to 20 V peak
Vert. D.F.: 1 uA/div to 0.5 A/div
Horiz. D.F.: 0.1 V/div to 2 V/div
4 Same as 3
Iceo or lces, Voltage Supply: 1V to 500 VDC
5 lceRr with external Vert. D.F.: 1 nA/div to 0.5 A/div
short or resistor
Horiz. D.F.: 0.1 V/div to 50 V/div
6 'CBO IGSS Same as 5
7 lego IR Same as 5
BVceo or BVceRr Current Supply: 100 nA to 110 mA DC
8 with external VE Vert. D.F.: 1 uA/div to 0.5 A/div
resistor
Horiz. D.F.; 0.1 V/div to 50 V/div
9 BVcEs Same as 8
10 BVceo BVgss Same as 8
11 BVEBO VR Same as 8

! These are the usual tests performed because of the higher current capability and pulse mode operation. However, other tests could be

performed as well.

TABLE 1-3

ENVIRONMENTAL CHARACTERISTICS

TABLE 14

MECHANICAL CHARACTERISTICS

Temperature

Storage

—40°C to +65°C

Operating

+10°C to +40°C

Altitude

Storage

To 50,000 feet

Operating

To 10,000 feet

Transportation

Qualified under

1A

National Safe

Transit Committee Test Procedure

Dimensions
Height (with cover) | 6 1/2 inches
Width 7 3/4 inches
Depth 12 3/8 inches
Weight
Net 11.5 pounds
Domestic Shipping | 16.0 pounds
Export Packed 23.0 pounds
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172

SECTION 2
OPERATING INSTRUCTIONS

General Information

This section discusses Installation; Function of controls,
connectors, and indicators; Programming the 172; First-
time operation of the 172; and use of the Limit Cards.

Installation

Turn off the Type 576 Power switch. Loosen the
retainer capscrews on the Type 576 standard test fixture.
Install the 172 in place of the standard test fixture, and
secure the retainer capscrews.

Function of Controls, Connectors, and Indicators

LEFT-OFF-RIGHT Switch. Selects device to be tested;
left or right.

AUTO-MANUAL Switch. Chooses automatic or manual
sequencing of the programmed tests.

ADVANCE Switch. Starts the test cycle, or advances
the 172 to the next programmed test. The choice is made
by the AUTO-MANUAL switch.

RATE Control. Adjusts the display time of each pro-
grammed test when the 172 is in the AUTO mode.

Foot Switch Connector. Allows connection of optional
foot switch which provides the same function as the
ADVANCE switch.

Yellow Indicator. Indicates that the high-voltage supply
is disabled.

Red Indicator/Switch. Indicates high-voltage supply is
enabled and dangerous voltage may appear at device ter-
minals. Depressing the switch enables the high voltage

supply.

Test Indicators. Indicates which test (1 through 11) is
being performed.

®

BASE and EMITTER TERMINALS (TEST 5). Provides
means of connecting a resistor (or short) between base and
emitter for Icgg or IcgR tests.

GND Connector. Provides external access to ground
reference.

BASE TERM (Test 8). Provides means of connecting a
resistor from the base to ground for BVcgR tests.

Device Testing Connectors. Allows connection of
various test adapters to Standard Test Fixture. Connectors
will accept standard size banana plugs if some other means
of connecting device under test to Standard Test Fixture is
desired. C, B, and E stand for collector, base, and emitter
respectively. Sensing terminals allow Kelvin sensing of
voltage on the emitter and collector terminals.

PROGRAMMING

General

The 172 is programmed by use of a plastic programming
card (Fig. 2-1). Specific parameters for testing a device are
programmed by putting plastic programming pins in the
programming card holes.

When the programming card is programmed as desired,
the card is put in the card reader (Fig. 2-2). The card reader
cover is then closed. Pressure from the card reader cover
actuates the switch matrix via the programming pins,
establishing a test program.

Specific

The 172 programming card has five distinct areas:
1. The test selection holes.
2. The drive programming holes.
3. Horizontal deflection factor.
4. Vertical deflection factor.

5. JFET or diode selection.
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SET 576 POLARITY SWITCH

Fig. 2-1. 172 Programming card and its program areas.

Figure 2-1 illustrates the five programming card areas.

Each of the eleven possible tests is included in a test
sequence by placing a programming pin in the appropriate
test hole (Area 1, Fig. 2-1). Omitting a programming pin
from a test hole excludes that particular test from the test
sequence.

" Tests 1 and 2 use the Type 576 to drive the device under
test (DUT). Test parameters are set by the Type 576 front
panel controls.

The remaining tests (3-11) use a DUT drive current or
voltage furnished by the 172. A specific drive value is
selected by the program pins in area 2. Both a characteristic
and a multiplier must be programmed in the drive area. Any
combination of characteristic value may be chosen, but
greater accuracy is afforded by the larger digits. The multi-
plier may be any value from 102 through 10°, for
AMPERE DRIVE (tests 3, 4, and 8-11). For VOLTAGE

2-2

DRIVE (tests b, 6, and 7), the multiplier values are 10! or
10°.

Area 3 programming holes set the horizontal deflection
factor. The 2 and 5 values should not be simultaneously
programmed. When neither 2 nor 5 is programmed, the
horizontal deflection value is 1. If neither 107! nor 10! is
programmed, the value is 10° or 1. Therefore, if a test has
no pins in the horizontal deflection factor programming
holes, the horizontal deflection factor is 1 V/div.

Area 4 programming holes determine the vertical
deflection factor. As for the horizontal deflection factor,
the 2 and 5 should not be simultaneously programmed, and
when neither 2 nor 5 is programmed, a 1 is the vertical
deflection multiplier (VDM). The VDM has a range of 10!
to 10°¢, programmed by combinations of 10, 102, and
10%. Tests 5, 6, and 7 also provide a 10® exponent. To
program vertical sensitivity of 107,108, or 10°° for tests
5, 6,and 7, +10% should be used with the other appropriate
exponents. The +10% programming hole is not used alone,
so if 1072 is desired, 10! and 102 should be programmed,
not+103.
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Card Reader

Fig. 2-2. 172 Card Reader

172 FIRST TIME OPERATION Set the Type 576 and 172 controls as follows:

A sample bipolar transistor test sequence will be pro- VERTICAL 2 mA COLLECTOR
grammed and illustrated here. The transistor is an NPN HORIZONTAL 0.1V COLLECTOR
silicon device (2N4275) with parameters as follows: STEP GENERATOR AMPLITUDE 1 mA

VARIABLE COLLECTOR SUPPLY CcCcw

Ve (sat) 0.2 V max Ilc=10mAl,=1TmA MODE NORM

Vg (sat) 0.85 V max Ic=10mA I, = 1mA POLARITY +(NPN)

H 35 min Ic = 10mA, Veg =1V MAX PEAK VOLTS 15

FE ¢ ' 'CE NUMBER OF STEPS 1

IcES 0.4 uA max Vce =20V OFFSET 0

BVcEs 40 V min Ic =10 uA SERIES RESISTORS 0.3

BVcgo 40 V min Ic = 10 uA LEFT-OFF-RIGHT RIGHT

Vv V mi e = 10 UA AUTO-MANUAL MANUAL

BVeso 4.5V min =104 TEST 5 [BASE-EMITTER] Shorted

Test numbers 1, 2, 3, 5, 9, 10, and 11 [VcE (sat),
Vge(sat), Hre, Ices, BVces, BVceo, BVEgo! will test Figure 2-3 shows the programming for tests 2, 3, 5, 9,
these parameters. 10, and 11.

® 2-3
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Fig. 2-3. Program to test 2N4275

Table 2-1 lists the drive values and horizontal/vertical
sensitivities programmed for this test sequence. Drives are
the magnitudes called for in the 2N4275 specification sheet
(listed previously).

TABLE 2-1
Test Horiz. Vert.
Number Drive Sens. Sens.
2 - —— 100 mV/div -
3 0.29 mA 100 mV/div 5 mA/div
5 20V 5 V/div 50 nA/div
9 10 A 10 V/div 10 uA/div
10 10 LA 10 V/div 10 uA/div
11 10 A 1 V/div 10 nA/div

1. Put the programming card in the 172 card reader and
close the card reader lid.

2. Install

a transistor

337-1194-00) in the 172.

2-4

adapter (Tektronix Part No.
013-0098-00) and a protective cover (Tektronix Part No.

3. Plug a 2N4275 into the adapter (right side), and close
the lid of the protective cover.

4. Press the 172 ADVANCE button. The 172 will
switch to Test 1 [(Vcg (sat)] and indicator lamp number 1
will be lit.

5. Adjust the INTENSITY control for a visible display.
(Assure that the spot is zeroed.)

6. Advance the VARIABLE COLLECTOR SUPPLY so
that Ic reaches 10 mA. (The fifth vertical division, at
2 mA/div).

7. The horizontal deflection at 10 mA (180 mV) is Vg
(sat). See Fig. 2-4.

8. Press the 172 ADVANCE button. The 172 will
switch to Test 2, Vgg (sat). Vgg (sat) is that voltage
(800 mV) at which I¢ is 10 mA. See Fig. 2-5.

9. Press the ADVANCE button. The 172 will now be
performing Test 3, Hgg. See Fig. 2-6. Hg g will be I¢/lg or

®
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TR
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Fig. 2-5. Test 2, Vg (sat)
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Fig. 2-6. Test 3, Hpg

11 mA/0.29 mA = 38 for this sample. 0.29 mA drive was
programmed to cause an I¢ of about 10 mA.

®

that the leakage at the specified voltage is within limits. For
the sample transistor (2N4275), Icgs was 5nA at 20V
(Fig. 2-7).

11. Press the ADVANCE button. The 172 will switch to
Test 9, BVggs. Check the display to see that the pro-
grammed drive current (10 uA) is flowing and that BV¢cEgg
is at least 40 V. See Fig. 2-8.

12. ADVANCE the 172 to Test 10, BV¢gg. Verify that
the programmed drive current (10-uA) is flowing and that
BVcgo is at least 40 V. See Fig. 2-8. Tests 9 and 10 dis-
plays are in the same place. They may be separated (for
easier use) by programming different vertical deflection
factors.

]
A

game]

1
v/

§n-zoxd

'
'
'
'

vmﬂwa

PER
o

Fig. 2-8. BVceg, Test 9; and BV g, Test 10.

25
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in
uA

FRELES |

~
]
3

$n-dOT

\\/'

Fig. 2-9. Test 11, BVggo.

13. ADVANCE the 172 to Test 11, BVEggp. This test
calls for 10 uA drive and a BVggp of at least 4.5 V. See
Fig. 2-9.

2-6

14. Press the ADVANCE button. The 172 will go to
""Rest’’ condition and await an ADVANCE command.

15. Set the AUTO-MANUAL switch to AUTO and press
the ADVANCE button. The 172 will perform one test se-
quence and then go to the “Rest’ condition.

16. Lift the protective cover lid. Press the ADVANCE
button and verify that the automatic sequence stops when
the 172 yellow HIGH VOLTAGE DISABLED light is lit.

Use of the Limit Cards

Five Limit Cards are supplied, and may be used for
marking parameter ranges of specific devices. The Limit
Cards may be kept and re-used to speed testing.

Several commercially available pencils make clear
markings on the Limit Cards. Three of them are: Staedtler
Lumocolor, Audiovisual Projection, and grease pencils.
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FUNCTION

CAPABILITY

BASE AMPERE DRIVE
(TESTS 3 & 4)

100nA TO 110mA
(PROGRAM 10-6 70 10-2)

COLLECTOR & EMITTER
VOLTAGE DRIVE
(TESTS 5 THRU 7)

1V TO 500V
WITH 5004A COMPLIANCE
[PROGRAM X100 OR X101

COLLECTOR & EMITTER
AMPERE DRIVE
(TESTS 8 THRU 11)

100nA TO 11mA WITH 500V COMPLIANCE
(PROGRAM 10-4T0 10°3)

ImA TO 110mA WITH 50V COMPLIANCE
[PROGRAM 10-2 ONLY)

HORIZ DEFLECTION FACTOR

100mV/DIV TO 50V/DIV

(TESTS 2, 3 & 4 TO 2V/DIV MAX

11S OBTAINED BY NO PIN IN 2 OR 5

100 1S OBTAINED BY NO PIN IN 10"'OR 10')

VERT DEFLECTION FACTOR

1nA/DIV TO 500mA/DIV

(nA RANGES IN LEAKAGE TESTS ONLY.
PROGRAM =10% FOR nA RANGES.
11S OBTAINED BY NO PIN IN 2 OR 5)

THE COLLECTOR SWEEP VOLTAGE
(TESTS 3 & 4) IS PROGRAMMED BY
THE HORIZONTAL DEFLECTION
FACTOR TO BE AT LEAST FULL
SCREEN OPEN CIRCUIT. FOR
MAXIMUM ACCURACY OF THE
VOLTAGE AND CURRENT SOURCES
THE LARGER DIGITS SHOULD

BE PROGRAMMED.

N

TEST NO ) 23 s][s e 7 8 3 10 "
hee hee Lceo BVceo
TRANSISTOR |, o Vee| Ver tsat I;E: Icsol Ieso BVeey | BVets [BYes0 | BVeso
J FET Ve RDSIDISOSM Igss BVGss
DIODE Ve Iz | Ve Vg
Cgﬁ#{corl?%sw 576 157726 172
-
o2 03 (o)) (0)5) O 6 o7 [ON¢] 09 O 10 O 91 _TEST
[o4[+ o oltr o, ol1 0 o 10 , O0'1o0
o 2 O olz 02 olz oy o.zoEo‘.zo§
M3 0 ¢ o|ls 08 ols 0] 0 3 0 &8 0las o 2
o 4 O &5 Oo|s 08 ola 0] 0 4 0 ¥ 0la o 8
10;*0100;0'1002 o1oc§o|1o§
2 0O f 0|20 02 ol 0 0 2 0 3 ol2 o0 &
aOEOsoOgolsoOZan'&_‘olao:
4+ OY% Olawo 5 Olw off] 04 0 5 0ole 0
x0' 0 3 ofx0 0 % ol 0| oxe'o 2 o lxo'o 3
x102. O olx0® o0 8§ ol 0% oxe2o 8 o kezo ©
| x10* O 0 ! O x10% O 0 ',x1o"‘ o
O 2 O O 2 O O 2 O O 2 O O 2 O
o 5 O O s O O 5 O O s O O 5 O poplzoNTA-
O xw' O O xw0' O O x10' O O x10' O O xi0' O FACTOR
— x10' O O x10' O O x18 O o xi¢ o (VOLTS/Div)
2 0O o 2 O o 2 O o 2 O O 2 O VERTICAL
5 O O 5 O O 5 O O s5 O O 5 O DEFLECTION
x10!' O O xw0' O O xw0' O O x10' O O xwo' O (F:n%g?mw
x102 QO O xw02 O O x102 O O x102 O O x1w02 O
x10% O O x10* O O xw0?* O O x10* O O xw0¢ O
=103 O O +10° O
SET 576 POLARITY SWITCH

Permission granted by Tektronix, Inc. to

reproduce this page.
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TYPE 576 CURVE TRACER

TEKTRONIX, INC..

PORTLAND, OREGON, U.S.A.
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SECTION 3
CIRCUIT DESCRIPTION

Introduction

This section contains a description of the 172 circuitry.
Refer to the Diagrams section (Section 7) for specific
circuitry details.

CURRENT SUPPLY

The Current Supply drives the base of a transistor during
a Beta test, supplies a reference current for the voltage
supply, and forces a current during voltage breakdown
tests. Current value for any particular test is set by the
programming for that test.

A 1 mA reference current (lof) is established by the
zener voltage of VR725 across R728 and R729. l¢¢
polarity is reversed by K725S1 and K725S2 as necessary
for NPN or PNP devices.

Figure 3-1 is a simplified schematic of the current
supply. l.ef generates a drive voltage for U740 in passing
through R (R731-R738). The value of R is changed as
directed by the test programming. Q60 supplies drive
current output as directed by U740. Q60 acts as a series
“pass’’ element for NPN devices, and as a shunt regulator
for PNP devices. Q61 is used as a current source. U740,
Q60, and Q61 apply the same voltage to R; (U740 and
U760 are both used as voltage followers, an amplifier
arrangement having high input impedance, unity gain, and
no signal inversion), causing a current I ¢¢(R¢).

Re’

This current then completes its circuit through one of
four paths:

1. The base-emitter junction of the Device Under
Test for tests 3,4, or 11.

2. The collector-emitter DUT terminals, tests 8 and
9.

3. The collector-base DUT terminals, for test 10.

4. R758-R759 when the voltage source is used (tests
5,6,and 7).

Some devices may oscillate during breakdown voltage
tests (tests 8 through 11). An oscillating device causes the
172 to deliver a current much greater than the programmed
current. Therefore, circuitry to limit current supply output
curing device oscillation is incorporated.

®

U740, Q60 Rer

Current
Source

\[ K75851

Close
for Voltage

R758
10M

R759

u770

Voltage
Source oV

Fig. 3-1. Current supply, simplified schematic.

When a device starts oscillation, its voltage drops
sharply. This voltage drop appears at the R771/R772
junction, and is applied via R771 and CR772/CR773 to
VR731 and VR732. When the voltage drop between the
R771/R772 junction and U740 pin 3 exceeds about 12V,
the reverse-biased zener conducts, charging C729. Current
is then diverted from the R731/R738 string to discharge
C729. As long as C729 is charged the voltage drive to U740
is reduced, which in turn decreases the output current to a
safe level. R739 conducts the VR731/VR732 leakage
current during normal operation; CR772/CR773 blocks
that leakage current from the output.

Leakage tests (Iceo, Iceo. lego) are performed by
applying a voltage to the DUT. The voltage is generated by
forcing a current (the current supply output) into R758,
and then applying the resultant voltage via voltage followers
(U760, U770) and switches, to the DUT terminals.

Should the DUT current exceed 0.5 mA, Q775 (Q776
for PNP devices) conducts, reducing the voltage drive to
U760 and preventing any further DUT current increase.

3-1
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SEQUENCER

The sequencer controls the 172 test selection and test
performance rate. Eleven test lines are driven by the
sequencer. The test lines operate the test parameter switch
matrix. Two multivibrators (Automatic and Start/
Advance), a pulse delay circuit, a four-bit binary counter,
and a binary-coded-decimal (BCD) to decimal decoder
comprise the sequencer.

R441, C441, R444, R427, and Q440 form the Start/
Advance multivibrator (multi). Q440 is an anode-gated
unijunction transistor. Q440 conducts when the anode-gate
diode is forward-biased, i.e., when the anode is 0.6 V more
positive than the gate. C441 charges toward +12.5 V until
Q440 anode reaches +5.6 V, switching Q440 to its con-
ductive state. C441 then discharges through Q440. Q440
stops conducting and switches back to its “off’’ state when
C441 is discharged.

The Auto multi is similar to the Start/Advance multi
with the addition of the variable RATE control.

Before an automatic test sequence is started, the
sequencer is in a quiescent condition. U461 pin 3 is low
(U460 is in ““zero” state), disabling U578B, and saturating
Q430. The Start/Advance multi is thereby held off. All test
lines are high, saturating Q410 and holding the Auto multi
off.

A test sequence is initiated by pressing either the
ADVANCE switch (S21) or the foot switch. A negative
pulse from S21 or the foot switch then back-biases CR437,
which turns off Q430 and allows C441 to charge toward
+12.5 V until it is about 0.6 V more positive than Q440
gate. At this point, Q440 conducts and the Start/Advance
multi sends a positive pulse to the pulse delay circuit
(Q450/Q457). About 5 ms later, the pulse delay circuit
triggers the binary counter U459, which switches to count
number 1.

U459 output is a binary number representing the
number of clock pulses it has received. U459 drives U460,
the BCD to decimal decoder. U460 has sixteen output lines.
The first twelve (0-11) lines control the sequencer.

The sequencer will operate whether or not every test is
programmed. Each of the eleven test lines has a switch
connecting it to R1 which is tied to +5 V. When a test is
not programmed, the decoder cannot pull that particular
test line low, since the absence of the Test Number
programming pin has left the switch closed and the line is
held up near +3 V by R1.

If test 1is not programmed, test line 1 is held high when
the counter/decoder switches to count 1, and the Auto
multi is held off. U578B is enabled now (and whenever any
unprogrammed test is reached), turning Q430 off and
allowing the Start/Advance multi to fire. The binary
counter and decoder then advance to the next count (2).

3-2

If test 2 is programmed, test line 2 is pulled low,
establishing the following conditions:

1. UbB78B is disabled.

2. Q430 is saturated and holds the Start/Advance multi
off.

3. Q410 is turned off, allowing the Auto multi to start
running at some rate set by the RATE control.

All eleven counts are sequenced through in the afore-
mentioned fashion, each being performed or omitted as
called for by the programming card.

After the decoder (U460) has received the twelfth pulse
(for test line 11), the succeeding four pulses have no
meaning. During the 13th, 14th, 15th, and 16th pulses the
“rest’” line and the eleven test lines are all high. This causes
the Start/Advance multi to cycle four times (just as if there
were unprogrammed tests) and return the binary counter to
count zero, the “rest” state. The sequencer then awaits for
a “start” command from S21 or the foot switch before
commencing another test sequence.

Should a Manual sequence be desired, S20 is closed,
holding the Auto multi off and requiring a pulse from S21
or the foot switch to start the Start/Advance multi to
perform each test.

CONTROL LOGIC

The vertical and horizontal display sensitivities are con-
trolled by reed switches. Reed switch selection is performed
by the horizontal and vertical decoders.

The vertical sensitivity decoder is a BCD to decimal IC
(U590) whose output lines drive the vertical attenuator
reed switches.

Ten gates (U570A, B, C; U574A, B; U578A; U572A, B;
U576A, B) form the horizontal sensitivity decoder. Table
3-1 lists the deflection factor, the programming, and the
reed relays activated.

TABLE 3-1
Horizontal Sensitivity Reed Relays Conditions
1= pin in; 0 = pin out 1 = high = off; 0 = low = on
V/div| 2 5 | 10! | 10'| K635|K634|K633|K632(K636
1 0 0 0 0 1 0 1 0 1
10 | O 0 0 1 1 1 0 0 1
0.1 0 0 1 0 0 1 1 1 1
510 1 0 0 1 1 0 0 1
50 | O 1 0 1 1 1 1 0 0
05 |0 1 1 0 1 0 1 0 1
2 11 0 0 0 1 0 1 0 1
20 | 1 0 0 1 1 1 0 0 1
02 |1 0 1 0 0 1 1 1 1
®



SIGNAL SENSING AND DISPLAY
SENSITIVITY

When the collector supply and the base drive have been
applied to the device under test (DUT), measurements of
the DUT voltages and currents may be displayed on the
vertical and horizontal axes of the Type 576 CRT. The
measurements are made by sensing the current or voltage
with current sensing resistors or voltage dividers, and
amplifying the resulting voltage in the display amplifiers.
The display amplifier outputs drive the CRT deflection
plates to form a display.

Current Sensing (>1 uA/div)

Current is sensed in a resistance (Rg) connected between
ground and the current return to the supply. By changing
the value of Rg, the CRT deflection factor is changed.

Leakage Current Sensing (<1 uA/div)

Leakage current is sensed by a resistance (Rp) con-
nected between the emitter or base DUT terminal and
ground. Display deflection factor is changed by switching in
different values of Rg. Leakage current sensing is employed
for tests 5, 6, and 7.

Circuit Description—172

Voltage Sensing

In tests 1, 2, 3, and 4, either collector or base voltage is
measured on the horizontal axis of the CRT, depending on
which test is being performed.

Test 1 sensing is done in the Type 576 (see Fig. 3-2).
Test 2 vertical sensing also takes place in the Type 576, and
Test 2 horizontal sensing occurs in the voltage divider Rp.
See Fig. 3-3.

Tests 3, 4, 5, 6, and 7 use Rp for voltage sensing. See
Figs. 3-4, 3-5, 3-6, and 3-7.

Breakdown Voltage Tests

During breakdown voltage tests (numbers 8, 9, 10, and
11) a current is forced through the DUT. The voltage
developed in the DUT is sensed by the horizontal sensing
resistors (Ra). This forced durrent completes its circuit
through the vertical sensing resistance, Rg.

Figs. 3-6, 3-8, and 3-9 are simplified schematics of each
test arrangement.

P360 K78852 K78652 ouT
3 yd J * O Cs
T R786
K780S4
15 & O-
< {‘ K786S1
Type 576 —O
16 <— Collector Supply {
C
32 e
K780S2
1 Z
< K781S4
17 e- Type 576 K78251
Step Generator
—O B
K780S3
5 < ~ + K781S1
9 <— -
4 ot
10 é R781
K781S2
26 % ©
K788S3 f —O Es
25 <

Fig. 3-2. Test 1; B, Vg (sat).
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K786S1
K780S4 + O O C

} \J
15

N Type 576
16 e Collector Supply

K780S2

! K781S4
Type 576
17 <—‘ Step Gen

K780S3
< \ K781S1

.
+ O E
R781
10 & K781S2
e O ? Esense
K637S2 +

e
J363

o L w  Kes7si
3 \ O
Ra
R, R641
—H Rg R639, R640
24 £ B
N

Fig. 3-3. Test 2, Vg
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K725S7
hd K726S1
K780S4
Collector
Supply
K726S2 R786
K786S1
K725S3
Ra
J363
Current
+H
23 / Supply
Ra C
K780S2
Ra K781S4 Cs
/ —H
24
Ra
K602S3
——O Eg
K781S2
© E
K781S1
<L K788S3
R781
+V K602S1 - AN\
11 /
K780S3
K603S1
K602S2
R Rg
-V D
12 é_
Ra R633 through R638, R642 through R645

Rg R605 through R607
Rp R614 through R618

Rc R731 through R738
R’ R752 through R755

Fig. 3-4. Test 3, B; and Test 4, Vg (sat)
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K758S2
Voltage ~
Gen e K780S4
K786S1
\J
¢ o
CS
 |+n K788S3 o
23 < K602S3 K781S2 B
nA Ranges
ES
L E
R781 %
24 M K781S1
/ V+ K780S3
1
N
K602S1
nA Ranges
R K602S2
12 V- \?d D nA Ranges
K603S1
Re

Ra R633-638, R642-645

Rz R605-607
Rp R614-618
Re R601-603

3-6

F

g. 3-5. Test 5, ICEO




Circuit Description—172

For Test 10, current goes
directly to Collector terminal.

Current
Source
Closed only
for test 6
K758S2
L —O- + K780S4
: O K786S1
Closed
for Test
10 only
K751S1

+
E

K781S1

R781 %

K788S3

R% Keozssf © {

tos

K780S3

K602S2
nA

K603S1

RS

Re

Rg

P363
R
/ +H % K726S2
23 O
N L |
Ra
RA
24" .
N\ nA i
nA
" / +V +
N - {
K602S1
R
RV D
12 < A

Ra R633 through R638, R642 through R645

Rg R605 through R607
Rp R614 through R618
Rg R601 through R603

Fig. 3-6. Test 6, Icgo. and Test 10, BV o
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K758S2
Voltage Y
Source © K780S4
K786S1
E
K726S2
R/E?d/
P363 i
nA /J7
" < +V © K603$1 A K780$3
K602S1 { A n
K781S1
K602S2
Rg
Z |-V Ro

12 <

Ra

O K788S3

23 < +H

Ra

oc

Ra nA
24 <: —H K602S3

Ra

Ra R633 through R638, R642 through R645
Rg R605 through R607
Rp R614 through R618
Rg R601 through R603
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Current
Supply Note: When Test 9 is programmed, a switch grounds the Base terminal.
K751S81
K780S84
e { K786S1
1
QO C
P363 Test 9 K784S1
B
+H
23 <
" H K602S3 E,
AN K788S3 Es
K781S2
K781S1
K602S1
+V
1 & o
} K603S1
K602S2
R
Vv Rp ®
12 < ®

R, R633 through R638, R642 through R645
Rg R605 through R607
Rc R731 through R738
R752 through R755
Rp R614 through R618

Fig. 3-8. Test 8, BVcg(; and Test 9, BVcEgg
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= {47 K780S4

=0

Current
Supply
K751S81
P363
+H
23 <
24 < -
+v K60281
n < —o 1 K603S1
/ -V
12
AN

K786S1
t oc
K602S2
K780S3
K781S81
B
é R781
Oc

Ra R633 through R638, R642 through R645
Rg R605 through R607
Rp R614 through R618
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Tables 32 and 3-3 list the relays activated by the vertical/
horizontal sensitivity programmer.

An isolation amplifier (U760/U770) is used during
voltage breakdown tests to prevent the horizontal attenu-
ator from loading down the current supply. This assures
that the DUT voltage and the horizontal attenuator voltage
are the same.

TABLE 3-2

Vert Atten

Programmed Relay(s) Activated

1X10° K602
2
5
1X 108 K604
2
5
1X107 K605
2
5
1X10°¢ K603
2
5
1X10° K604
2
5
1X10% K605
2
5
1X10°3 K606
2
5
1X10? K607
2
5
1X10? K608
2
5

TABLE 3-3

Horiz Atten (Collector or Emitter Sensing)
(Base Sensing)

Programmed Relay(s) Activated
1 X101 K635 K637
2X 10! K635
5X 10! K634 K636
1X 10°
2X10°
5X 10° K633
1 X 10!
2 X 10
5 X 10! | K632

Circuit Description—172

INTERLOCK

An interlock circuit is used to assure that high voltage is
applied to the DUT terminals only when certain conditions
are satisfied.

Those conditions are:
1. S31 must be in LEFT or RIGHT.

2. 172 must be on tests number 1, 2, or 5 through
11.

3. Either the INTERLOCK or the INTERLOCK
DEFEAT must be closed.

4. The Type 576 MAX PEAK VOLTS switch must
be in either the 75 or 350 positions, during tests 1 and 2.

Conversely, if S31 is in OFF, if the 172 is on tests
number 3 or 4, if the Type 576 MAX PEAK VOLTS switch
is in the 15 V or 1500 V position (during tests 1 and 2), or
if the INTERLOCK and INTERLOCK DEFEAT are open,
no high voltage can be applied to the DUT terminals.

Seven transistors (Q480, Q487, Q489, Q490, Q494,
Q496, and Q498) and their associated components form
the interlock circuitry.

While the 172 is performing tests 1 or 2, Q494 base is
connected to +12.5 V through R493 and K520 of the Type
576. Q494 emitter will be grounded when the Type 576
MAX PEAK VOLTS switch (S310) is in the 75 V or 350 V
position. These conditions cause Q494 to conduct and to
turn on Q496. Q946 collector current (l.) has two possible
paths:

1. If the INTERLOCK (S26) or INTERLOCK
DEFEAT (S25) is closed, I goes through Q490. Q490 I
is then directed by K520 to K320 (the Type 576 high
voltage control relay) or to K716 (during tests 5-11), the
172 high-voltage control relay.

When either K320 or K716 is energized, sufficient
current is drawn to light DS11, the high-voltage indi-
cator lamp.

2. If both INTERLOCK DEFEAT and the INTER-
LOCK are open, Q496 I, goes to ground via CR497,
R497, and R498. Q498 is forward-biased by Q496 I..
Q498 then conducts and lights DS26, indicating that the
HV supply is disabled.

Q487 is reverse-biased when S1 is in the OFF position
and forward-biased when S31 is in Left or Right. Q487
conduction turns on Q489, whose |; will forward bias
Q490 if either the INTERLOCK or INTERLOCK DEFEAT

switch is closed.
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For the other tests (3 through 11), Q494 is reverse-
biased. This removes the base drive for Q496 during tests 3
and 4; consequently, there can be no high voltage for those
tests. Relay K520 is turned on during tests 5 through 11.
Turning on K520 also forward-biases CR494 and Q496,
whose | drives K716 to connect the 172 high voltage to
the DUT terminals.

INTERLOCK SHUTOFF

Q480, Q487, and associated components are connected
to form a one-shot multivibrator (multi). The multi is
functional only when 31 is in Left or Right, and has a pulse
width of 40 ms. In the absence of a sequencer pulse, Q480
is reverse biased by the R428, R427 combination. Q487
base drive is furnished via R482 from —12.5 V.,

When a sequencer pulse occurs, it forward-biases Q480.
Q480 then shuts off Q487, which remains off after the
sequencer pulse until C482 has discharged from +4 V to
—0.6 V, a period of 40 ms. See Fig. 3-10(A).

A shutoff pulse is used to turn off Q490 after each
sequencer pulse to assure that no high voltage is applied to
the DUT terminals while the 172 switches are switching for
the next test. If the next test is not programmed, another
sequencer pulse will occur 7 ms afterward. Further un-
programmed tests keep the Start/Advance multi cycling at
its period of 1 pulse/7 ms. When there are two or more
successive unprogrammed tests, the one-shot timing
capacitor (C482) is recharged each time the sequencer
pulses. This moves the conclusion of the shutoff pulse to
40 ms from the last unprogrammed test. See Fig. 3-10(B).

POWER SUPPLY

Power to operate the 172 is furnished by two bridge
rectifiers (CR720, CR705) whose outputs are +15V,

3-12

Q480 base k
Q487 collector 40 ms
5ms
Q457 collector
(A) l“‘ Switch to next test

7ms 7 ms

Q480 base k }\ }\
Q487 collector I

5ms 5ms b5ms

Q457 collector I l I

(B)

Fig. 3-10. Interlock Shutoff Timing

—15V, +19V, and —19V, and by the +125V —125V
and +5 V Type 576 power supplies.

When voltages greater than 12 V are needed for Q60 and
Q61 (current supply), £50 V or £500 V is provided by two
bridge rectifiers (CR715, *50V; and CR710-CR713,
+500 V).

DUT COLLECTOR SUPPLY

The DUT Collector Supply is a bridge rectifier that may
be switched to any of three transformer taps to provide
three open-circuit voltages of 2, 5, or 20 volts.
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SECTION 4
MAINTENANCE

Introduction

This section of the manual contains maintenance infor-
mation for use in preventive maintenance, corrective
maintenance or troubleshooting of these instruments.

PREVENTIVE MAINTENANCE

General

The instrument covers protect against dust in the
interior. Leave panels in place except when working on the

instrument.
CAUTION

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument,
Avoid chemicals which contain benzene, toluene,
zylene, acetone or similar solvents.

Exterior. Remove loose dust on the outside of the
instrument with a soft cloth or small paint brush. Use the
paint brush to dislodge dirt on and around the front.
Remove the remaining dirt with a soft cloth dampened in a
mild detergent and water solution. Do not use abrasive
cleaners.

Interior. Keep the interior of the instrument free of dust,
since a heavy dust layer combined with high-humidity
conditions can cause failure. Clean the interior by blowing
off the accumulated dust with dry, low-pressure air. Re-
move any remaining dirt with a soft paint brush or a cloth
dampened with a mild detergent and water solution. Use a
cotton-tipped applicator to clean circuit boards.

Lubrication

General. Proper lubrication increases the reliability of
potentiometers, switches and other moving parts. Do not
~ use too much lubrication. A lubrication kit containing the
necessary lubricants and instructions is available from
Tektronix, Inc. Order Tektronix Part No. 003-0342-01.

Visual Inspection

Occasionally inspect the instrument for defects, such as
broken connections, damaged or improperly installed
circuit boards, and heat-damaged parts.

®

If you can see the trouble, the repair procedure is
usually obvious. If heat-damaged components are found, be
sure to locate and correct the cause of heat damage before
replacing the component.

Semiconductor Checks

We do not recommend periodic checks or replacement
of semiconductors. The best semiconductor performance
check is under instrument operation. See the discussion on
troubleshooting for more details.

Recalibration

Check the calibration of the instrument after 1000 hours
of operation or every six months, whichever occurs first, If
a component is replaced you may have to recalibrate the
affected circuit. Also, while recalibrating the instrument,
otherwise unseen problems may be discovered and repaired.

TROUBLESHOOTING

Introduction

While troubleshooting the instrument, consult other
sections of this manual in addition to the following
information.

Diagrams. The circuit numbers, electrical values and
connections of all components are shown on the diagrams
at the rear of this manual. Important voltages and wave-
forms also appear.

Parts List. Part replacements are available through your
local Tektronix Field Office or representative. However,
many electrical parts are available locally. Before
purchasing or ordering replacement parts, consult the Parts
List for value, tolerance and rating.

Calibration Procedure. Use the calibration procedure to
locate instrument problems. Recalibration may reveal and
correct minor problems not apparent during normal use.

Circuit Description. Knowing circuit operation can help
locate the trouble.
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Circuit Board Replacement. If a circuit board is damaged
beyond repair, either the entire assembly or the board only
can be replaced. Part numbers are given in the Mechanical
Parts List for either the completely wired or the unwired
board.

Resistor Color Code. In addition to the composition
resistors, some metal-film resistors are used in the instru-
ment. Nearly all resistors are color-coded for resistance
value and tolerance using EIA color code (a metal-film
resistor may have the value printed on the body). Com-
position resistors have four stripes which represent two
significant figures, the multiplier and the tolerance value
(see Fig. 4-1). Metal-film resistors have five stripes which
represent three significant figures, the multiplier and the
tolerance value.

Capacitor Marking. The capacitance of a disc or electro-
lytic capacitor is marked in microfarads on the side of the
component body. The white ceramic capacitors used in
these instruments are color-coded in picofarads using a
modified EIA code (see Fig. 4-1).

Diode Color Code. The cathode end of each glass-
encased diode is indicated by a stripe, a series of stripes or a
dot. For most striped diodes, the color code identifies the
unique portion of the Tektronix Part Number using the
EIA color-code system (e.g., a diode color-coded pink-, or
blue-, brown-gray-green indicates Tektronix Part Number
152-0185-00).

Semiconductor Lead Configuration. Fig. 4-2 shows the
lead configurations of semiconductors used in this instru-
ment. This view is from the bottom of the semiconductors.

Troubleshooting Techniques

The following steps aid in locating the defective com-
ponent. When the defective component is located, it should
be replaced following the replacement procedures given
under Corrective Maintenance.

1. Check Control Settings. Incorrect control settings can
mislead the troubleshooter. If there is doubt about a

Composition Resistors:

Metal-Film Resistors:

Ceramic Capacitors:

@ @ and @ —1st, 2nd and 3rd significant figures;
@ —multiplier; @ —tolerance;

@ —temperature coefficient.

Note: (T)

Resistor and Capacitor Color Code
Signifi- Multiplier Tolerance
cant Resis- | Capaci- Resis- Capaci-
Color Figures | tors tors tors tors
Silver 10-2 +=10%
Gold 10-t .- +5%
Black 0 1 1 --- +20% or
2 pF*
Brown 1 10 10 +=1% +1% or
0.1 pF*
Red 2 102 102 +29% +=2%
Orange 3 108 108 +39% +3%
Yellow 4 10* 10* +4% +100%
__O%
Green 5 10° 108 +0.5% | =*+=5% or
0.5 pF*
Blue 6 10¢ 10¢ ---
Violet 7
Gray 8 10-2 +80%
—20%
or 0.25 pF*
White 9 10t +10% or
1 pF*
(none) . --- .- +20% | ==10% or
1 pF*
*For capacitance of 10 pF or less.
and/or color code for capacitors depends upon
manufacturer and capacitor type. May not be present in some cases.

Fig. 4-1. Standard EIA color coding for resistors and capacitors.
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_—Base

Collector ﬂ

Gate

Power Transistor —,

(Tab Transistor

for
metal-case)

Anode Cathode
‘@%
B

Programmable
|— Unijunction —l

Integrated Circuits

Fig. 4-2. Semiconductor installation information.

control, see the Programming and Operating Instructions
section.

2. Check Associated Equipment. Before going further,
check that the equipment used with the instrument is
operating correctly. Also, check the power source.

3. Visual Check. Inspect the suspected trouble area.
Possible troubles include unsoldered connections, broken
wires, damaged circuit boards, damaged components, etc.

4. lIsolate Trouble to a Circuit. The symptom often
identifies the circuit in which the trouble is located. When
trouble symptoms appear in more than one circuit, check

®

affected circuits by taking voltage and waveform readings.
If the signal is correct, the circuit is working correctly up to
that point.

5. Check Voltages and Waveforms. The defective com-
ponent can often be located by checking for the correct
voltage or waveform in the circuit. Typical voltages and
waveforms are given on the diagrams.

NOTE

Voltages and waveforms given on the diagrams are
not absolute and may vary slightly between instru-
ments. To obtain operating conditions similar to
those used to take these readings, see the first
diagram page.
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6. Check Individual Components. The following pro-
cedures describe methods of checking components.
Components which are soldered in place should first be
isolated by disconnecting one end.

A. Semiconductors

Power switch must be turned off before removing or
replacing semiconductors.

To check a transistor, substitute another which is known
to be good. If substitute transistors are not available, use a
dynamic tester. Static-type testers are not recommended,
since they do not check for dynamic operation.

B. Diodes

A diode can be checked for an open or shorted con-
dition by measuring the resistance between terminals. Using
an ohmmeter having an internal source of between 800
millivolts and 3 volts, the diode resistance should be very
high in one direction and very low when the meter leads are

reversed,

Do not use an ohmmeter scale that involves the
supply of large internal current to the diode. (For this
use, avoid the lower ranges, such as RX1 and RX10.)

C. Resistors

Check the resistors with an ohmmeter, See the Electrical
Parts List for the tolerance of the resistors used in this
instrument. Resistors normally do not need to be replaced
unless the measured value varies widly from the specified
value.

D. Capacitors

Use an ohmmeter (high resistance scale) to check a
capacitor for leakage or short-circuit. Do not exceed the
voltage rating of the capacitor. The resistance reading
should be high after initial charge of the capacitor. An open
capacitor can best be detected with a capacitance meter or
by checking whether the capacitor passes AC signals.

7. Repair and Readjust the Circuit. If any defective
parts are located, follow the replacement procedures given
in this section. Be sure to check the performance of any
circuit that has been repaired.
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CORRECTIVE MAINTENANCE

General

Corrective maintenance consists of component replace-
ment and instrument repair. Special techniques required to
replace components in this instrument are given here.

Obtaining Replacement Parts

Standard Parts. All replacement parts for the instrument
can be obtained through your local Tektronix Field Office
or representative. However, many of the standard electronic
components can be obtained locally in less time than is
required to order them from Tektronix, Inc. Before
purchasing or ordering replacement parts, check the parts
list for value, tolerance, rating and description.

NOTE

When selecting replacement parts, remember that the
physical size and shape of a component may affect its
performance in the instrument, particularly at high
frequenices. All replacement parts should be direct
replacements unless it is known that a different
component will not adversely affect instrument per-
formance.

Special Parts. In addition to the standard electronic
components, some special components are used in the
instrument. These components are manufactured or
selected by Tektronix, Inc. to meet specific performance
requirements, or are manufactured for Tektronix, Inc. in
accordance with our specifications. Most of the mechanical
parts used in this instrument have been manufactured by
Tektronix, Inc. Order all special parts directly from your
local Tektronix Field Office or representative.

Ordering Parts. When ordering replacement parts from
Tektronix, Inc. include the following information:

1. Instrument type.
2. Instrument serial number.

3. A description of the part (if electrical, include circuit
number).

4, Tektronix Part Number.

Soldering Techniques

Disconnect the instrument from the power source
before soldering.



Circuit Boards. Use ordinary 60/40 solder and a 35- to
40-watt pencil type soldering iron on the circuit boards.
" The tip of the iron should be clean and properly tinned for
best heat transfer to the solder joint. A higher wattage
soldering iron may separate the wiring from the base
material,

The following technique should be used to replace a
component on a circuit board. Use the procedures given
under Component Replacement to remove the boards from
the instrument before soldering.

1. Grip the component lead with long-nose pliers.
Touch the soldering iron to the lead at the solder con-
nections. Do not lay the iron directly on the board as it
may damage the board.

2. When the solder begins to melt, pull the lead out
gently. This should leave a clean hole in the board. If not,
insert a sharp object such as a toothpick into the hole to
clean it out. A vacuum-type desoldering tool can also be
used for this purpose.

3. Bend the leads of the new component to fit the holes
in the board. Insert the leads into the holes in the boards so
the component is firmly seated against the board, or as
positioned originally. If it does not seat properly, heat the
solder and gently press the component into place.

4, Touch the iron to the connection and apply a small
amount of solder to make a firm solder joint; do not apply
too much solder. To protect heat-sensitive components,
hold the lead between the component body and the solder
joint with a pair of long-nose pliers or other heat sink.

5. Clip the excess lead that protrudes through the
board.

6. Clean the area around the solder connection with a
flux-remover solvent. Be careful not to remove information
printed on the board.
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Metal Terminals. When soldering metal terminals (e.qg.,
switch terminals, potentiometers, etc.), ordinary 60/40
solder can be used. Use a soldering iron with a 40- to
75-watt rating and a 1/8-inch wide wedge-shaped tip.

Observe the following precautions when soldering metal
terminals:

1. Apply only enough heat to make the solder flow
freely. Use a heat sink to protect heat-sensitive com-
ponents.

2. Apply only enough solder to form a solid connection.
Excess solder may impair the function of the part.

3. If a wire extends beyond the solder joint, clip off the
excess.

4. Clean the flux from the solder joint with a flux-
remover solvent.

Component Replacement

Disconnect the instrument from the power source
before replacing components.

General. The exploded-view drawings associated with the
Mechanical Parts List may be helpful in the removal or
disassembly of components or subassemblies.

To open the 172, remove the three screws at the front
of the bottom plate and the two bottom-center screws from
each side-panel.

Circuit Board Replacement. If a circuit board is damaged
beyond repair, either the entire assembly including all
soldered components, or the board only, can be replaced.
Part numbers are given in the Mechanical Parts List for
either the completely wired or the unwired board.



NOTES

-



172

SECTION 5
PERFORMANCE CHECK/CALIBRATION

GENERAL

- Introduction

The 172 should be checked and, if necessary, re-
calibrated after each 1000 hours of operation or at least
once every six months, to ensure that it is operating
properly. In addition, portions of the instrument may
require recalibration if components are replaced or other
electrical repairs are made. This procedure provides
instructions for adjusting the 172 internal adjustments and
checking the performance of the 172 against the electrical
characteristics listed in Section 1.

Maintenance

Any maintenance required on the 172 should be com-
pleted before starting this procedure. If instrument troubles
occur while using this procedure, they should be corrected
before proceeding. Repair and servicing information is given
in the Maintenance Section.

Equipment List

The following equipment list shows the required test
equipment ranges and tolerances and suggests particular test
instruments. For accurate measurement, the tolerances
required for each piece of test equipment must be more
rigorous than the measured tolerance by at least 4 times.
For measured tolerances of less than 1%, the accuracy of
the test equipment must be more rigorous than that
tolerance by at least 10 times.

I. Type 576 Curve Tracer.

2. DC Voltmeter—Requirements: range of 0.1V to
+500 V, basic accuracy of £0.1%, input impedance of at
least 500 MS2. Fluke Model 801B differential voltmeter
suggested. A digital voltmeter can be used if its input
impedance is accurately known, If the meter chosen has an
input impedance of less than 500 MS2, the voltages
measured in steps 5 and 8 will not coincide with those
shown in Tables 5-2 and 5-4. Instructions for calculating
the proper voltages are given in those steps.

3. Continuity Checker—Requirements: Measure 0 £2 and

OO.

4. Variable Autotransformer (e.g., General Radio,
Variac Type W10MT3W for 115-volt operation, or Type

®

W20HMT3A for 230-volt operation). Minimum Require-
ments: Output voltage variable from 90V to 136 VAC
RMS for 115-volt operation or from 180 V to 272 VAC
RMS for 230-volt operation; power output of at least 305
watts. If a monitor voltmeter is not included, a separate AC
voltmeter is required.

5. DC Ammeter or Shunt Resistors—The DC voltmeter
(Item 1) and a group of shunt resistors (see Table 5-1) are
used to measure the accuracy of the collector current
portion of the VERTICAL switch and the current portion
of the AMPLITUDE switch. The more convenient but more
expensive method of checking these switches is to use a DC
ammeter with the following range and accuracy: range from
050uA to 1.0A, accuracy within 0.5%. If such an
ammeter is available, the first 7 resistors in Table b-1 are
not needed.

6. Shunt Resistors—The DC voltmeter (Item 1) and a
group of shunt resistors ranging from 25 k{2 to 25 M2 (see
Table 5-1) are used to measure the accuracy of the emitter
current portion of the VERTICAL DEFLECTION
FACTOR.

7. Miscellaneous Resistors—Some other resistors and a
capacitor not mentioned in items 5 or 7 or this list are also
required See Table 5-1.

TABLE 5-1
Resistors and Capacitor!
Value Watts Accuracy
| 10Q 3 1/4%
2 100 2 1/2
2 1 k2 1/4
1 10 k2 1/4
= 100 k2 1/8
1 M 1/8
25 k2 1/8 1/4%
2.5 MQ2 1/8
] 25 MQ2 1/8
¥ 0.1 uF, 25V
{0 4545 Q 11 1/4%
i1 45.45kQ 11

1These resistors are available from Tektronix, Inc. in a kit (Tektronix
Part No. 067-0652-00).
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8. NPN transistor with BVggg of 50 volts or more,
hFE of 50-200.

9. Twelve-inch patch cord with standard banana plugs.

10. Two very short patch cords with banana plug to
alligator clip connectors.

11. Small screwdriver.

Use of the Procedure

The following procedure is arranged to allow either:

a. Adjustment of the 172.

b. A performance check of the 172 with respect to the
electrical characteristics is given in Section 1.

To perform any of these operations, use one of the
following methods.

ADJUSTMENT ONLY, Start with the Calibration Pro-
cedure and perform steps 1 through 4.

PERFORMANCE CHECK ONLY. Start with step 1 and
perform the remaining steps. Sixteen programs, as shown in
Figures 5-1 through 5-16 (pages 5-8 through 5-15), are used
in the PERFORMANCE CHECK.

Control Settings

A complete list of initial control settings for the Type
576/172 and significant control settings for the test instru-
ments precedes Step 1 of this procedure. In addition,
partial lists of control settings are provided in various places
throughout the procedures. Any control setting not listed
in a partial list should be set as designated in the initial list
of control settings for the respective procedure. If adjust-
ments and/or checks are made without following one of the
three procedures, start with the list of control settings
preceding the desired adjustment or check and follow the
sequency up to the desired step, making changes in control
settings as indicated.

CALIBRATION
Preliminary
1. Plug the 172 into the Type 576.

2. Plug the Type 576 into the variable autotransformer.
Adjust the autotransformer to nominal Type 576 line
voltage.

3. Turn on the Type 576. Preset the controls as follows:

5-2

Initial Control Settings

Type 576/172

GRATICULE ILLUM
INTENSITY

FOCUS

VERTICAL

DISPLAY OFFSET
Selector
CENTERLINE VALUE
HORIZONTAL
Vertical POSITION
Vertical FINE
POSITION

Horizontal POSITION
Horizontal FINE
POSITION

DISPLAY INVERT
ZERO

CAL

MAX PEAK VOLTS
PEAK POWER WATTS

VARIABLE COLLECTOR

SUPPLY
POLARITY
MODE

Graticule Lines Visible
CCW

Centered

2mA COLLECTOR

NORM (OFF)

0

2V COLLECTOR
Control Centered

Control Centered
Control Centered

Control Centered
Not Pressed

Not Pressed

Not Pressed

15

0.1

Fully Counterclockwise
+ (NPN)
NORM

LOOPING COMPENSATION As is

NUMBER OF STEPS
CURRENT LIMIT
AMPLITUDE
OFFSET

OFFSET MULT

.STEPS

PULSED STEPS
STEP FAMILY
RATE ]
POLARITY INVERT
STEP MULT.1X
LEFT-OFF-RIGHT
AUTO-MANUAL
RATE

Adjustment
4, Adjust the 172 as follows:

5

2A.

20 uA

ZERO .

0.00 (fully
counterclockwise)
Pressed

" Released .

REP
NORM
Released
Released
RIGHT
MANUAL
Centered

a. Install a card containing pfggfgmul (Fig. 5-1) in

the card reader.

b. ADVANCE the 172 to test 3.

c. Place a 10k, 0.1% resistor and 10uF 10V
capacitor in parallel between the RIGHT *B and E
terminals. Connect the voltmeter from the B terminal to
TEST 8 EMITTER (GND). (Remove the Type 576

bottom cover to perform step d.)



d. Adjust, R761 so that the B voltage is OV

+0.001 V. Replace the Type 576 bottom cover.

o

e. ADVANCE the 172 to Test 4.

f. Adjust R729 so that the voltage across the 10 k2
is 1.1 V £2%. Check in —(PNP) for —1.1 V +2%.

PERFORMANCE CHECK

1. Sequencer/Readout

a. Install a card containing program 2 (Fig. 5-2) in the
card reader. Place a protective cover (Tektronix Part No.
337-1194-00) on the 172, and close the lid.

b. Press the ADVANCE button. The 172 should switch
to test 1, and indicator lamp 1 should light. Adjust
READOUT ILLUMINATION, manually sequence the 172
through tests 2-11 by pressing the ADVANCE button. Each
test should be indicated by its test number lamp. Check an
NPN transistor (item 8, Equipment List) to verify proper
test 1 operation.

c. Switch the AUTO-MANUAL switch to AUTO. Press
the ADVANCE switch. The 172 will automatically
sequence through tests 2-11 and then stop with no test
number lamp lit. This is the “rest” condition.

d. Check RATE control range. A complete sequence (all
11 tests) should take >16.5s with RATE CCW, and <4.5s
with RATE CW.

e. Open the protective cover lid, ADVANCE the 172 to
test 5 and verify that the yellow HIGH VOLTAGE
DISABLED lamp lights. Press the red WARNING LIGHT.

Hawat o yellow light will go out and the WARNING LIGHT will

s .

come on, while it is depressed. Close the protective cover
lid.

f. Move the AUTO-MANUAL switch to MANUAL.
ADVANCE the 172 through tests 1-11, and verify that the
readouts are as listed:

Deflection Factor

Performance Check/Calibration—172

g. Install a card containing program 3 (Fig 5-3) in the
card reader. -

h. ADVANCE the 172 through test 2-11, and check
that the readouts are as listed:

Test Deflection Factor Horizontal
2 2 mA/Div 2 V/Div
3,4 2 mA/Div 2 V/Div
5-11 2 mA/Div 20 V/Div

2. Sweep Voltages

a. Set the autotransformer for the lowest voltage within
the voltage range selected by the Line Voltage Selector
assembly on the rear panel of the Type 576.

b. Use patch cords to short the C and E terminals, the E
and E sense terminals, and the C and C sense terminals.

c. Install a card containing program 4 (Fig. 5-4) in the
card reader.

d. ADVANCE the 172 to test 3. Adjust INTENSITY,
Verify that the short circuit exceeds 150 mA, and that the
open circuit voltage (when LEFT-OFF-RIGHT is OFF) is
more than 10 divisions in length.

e. Test the following parameters as performed in step d.

Current Sweep

Horizontal | (Short Voltage
Program | Test |Deflection | Circuit) | (Open Circuit)
4 3 2V >150 mA | >10 Horiz. div.
(Fig. 54)| 4 1V >150 mA | >10 Horiz. div.

5 . .

(Fig. 5.5) 3 500 mV | >2 A >10 Horiz. div.
1 3 100mV [>15A >10 Horiz. div.
(Fig.5-1)| 4 200mV |>15A >10 Horiz. div.

3. Check Kelvin Sensing Resistors

a. Leave the card containing program 1 (test 3 only is

used) (Fig. 5-1) in the card reader.

Test Vertical Horizontal

1 2 mA/Div 2 V/Div

2 2 mA/Div 500 mV/Div
34 500 uA/Div 500 mV/Div
5-7 500 nA/Div 500 mV/Div
8-11 500 uA/Div 500 mV/Div

b. ADVANCE the 172 to test 3, and move the

MAGNIFIER to HORI1Z X10.
Lifri ocm figni Switt 1V ATV

c. Observe a trace extending more than 3 divisions
vertically and about 1 division horizontally.
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d. Remove the patch cord between the E and E sense h. ADVANCE the 172 to test 10. Check that the C and
terminals. The horizontal deflection should increase by E terminals are connected. <~Heci. ¢=# <t irdes”
about 0.5 to 1 division. The change is caused by the voltage
developed in the emitter sensing resistor. i. ADVANCE the 172 to test 11. Check that the C and

B terminals are connected.
e. Repeat step d with C and C sense patch cord.
e 5. Vertical Display Accuracy (3% +1nA un-
f. Repeat steps b through e on the LEFT test terminals. magnified; 2% +1 nA magnified)

terminals to conduct drive current. Deflection and attenu-
ator accuracy will be checked by this means. Table 5-2 lists
4. JFET, Diode Relays, and Front Panel Con- the pertinent information.
nectors

¥ .
Various precision resmta?fzs will be connected to the

a. Install a card containing program 6 (Fig. 5-6) in the
a. Install a card containing program 5 (Fig. 5-5) in the card reader. R
card reader, T

b. Connect a 100 k§2 resistor between the C and E
b. Move the LEFT-OFF-RIGHT switch to RIGHT. terminals, RIGHT side.

c. Connect the voltmeter from the C terminal end of the

c. ADVANCE the 172 to test 3; verify that the Base 100 kQ to the front panel TEST 8 EMITTER (GND)
terminal has 0  with respect to the front panel TEST 8 connector

EMITTER (GND) connector. :

d. ADVANCE the 172 to test 8.
d. ADVANCE the 172 to test 5. Short the front panel

TEST 5 BASE and EMITTER terminals. e. Press WARNING LIGHT, or close the protective
cover lid in order to make the measurement.

e. Check that there is 0£2 between the B and E
terminals (RIGHT side).

Enabling the Collector Supply without the use of the

f. ADVANCE the 172 to test 8. Move patch cord to protective box, as described in step e, presents a
TEST 8 EMITTER (GND) and BASE terminals. potential hazard to the person checking the instru-
ment. Operators of the instrument should always be

aware of the fact that when the red light is on,

g. Check that there is 0 resistance between the dangerous voltages may appear at the Collector
RIGHT B and E terminals. Remove patch cord. terminals.
TABLE 5-2
Connect Vert. Approx. Approx. Magnified
Program Resi'srt% Defl. Programmed Resistor Resistor Accuracy
Number Test Resistor Fro }3’ (A/DIV) Drive Voltage Current Tolerance?
6 8 100 k2 C-E 1u 10 A 1V 10 uA 2%
) 9 10 kQ2 CE 10 u 100 uA 1V 100 uA 2%
10 1kQ CB 100 u 1 mA 1V 1 mA 2%
11 100 Q E-B 1m 10 mA 1V 10 mA 2%
7 U5 25 MY C-E 5n 1V 1V 40 nA +3.5 minor div. 3<#/P¢
- '6 2.5 MQ C-B 50 n 1V 1V 400 nA +2.0 minor div. f)
17 2.50 k&2 'E-B 500 n 1V 1V 4 uA +2.0 minor div. i
8 1082 C-E 10m 100 mA 1V 100 mA +1.5 minor div. i
9 1080 C-E 100 m 100 mA 1V 100 mA 1.5 minor div.
! These resistors are internally wired. 3The voltmeter should be connected to the first-mentioned
2Program 7 is checked UNMAGNIFIED., terminal. -

5-4 ®



& f The 172 is now driving 10 uA through the 100 k2
resistor. The resistor voltage is 1 V. A spot appears at the
intersection of the first vertical graticule line and the tenth
horizontal graticule line.

g. Switch the Type 576 magnifier to VERT X10. Now
the voltage is causing about 100 divisions of vertical
deflection. Set the DISPLAY OFFSET to 10 to return the
display to the CRT center. Press the Type 576 CAL button
and adjust the vertical FINE POSITION to bring the spot to
the center horizontal graticule line. This line now represents
1 volt, and each vertical division represents 100 nA
(100 k€2) =10 mV.

h. Measure the resistor voltage. This voltage is the
reference for an accuracy check. For example, if the actual
resistor voltage is 990 mV, then the proper reference for an
accuracy check is 1 division below the center horizontal
line. 2% of the total display size (100 div) is 2 divisions, so
if the spot is within 2 divisions of the resistor voltage line,
the vertical deflection is within specified tolerance.

i. Using the procedure of steps g and h, check tests 9,
10, and 11 of program 6. When the yellow lamp lights, the
red WARNING LIGHT must be pressed to apply voltage to
the test terminals.

j. Install a card containing program 7 (Fig. 5-7) in the
card reader. T

k. Short the RIGHT side E and C terminals with a patch
cord. Connect the voltmeter from the C terminal to TEST 8
EMITTER (GND). Move the LEFT-OFF-RIGHT switch to
RIGHT.

3

I. ADVANCE the 172 to test b.

m. Calculate the current from the reference voltage and
resistance (internal for test 5, 6, and 7) value. Verify that
the actual current as measured with the Type 576 readout
is within £3.5 minor divisions of the calculated reference
current.

n. Check tests 6, 7, 8, and 9 as described in Table 5-2.
Use the tolerances given there.

If a DC voltmeter with an input impedance of less than
500 M2 is used to measure the voltage across the 25 M)
100 k2 and 10 k{2 resistors, an error in the voltage reading

®

e
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may be noticed. To calculate the correct voltage under
these conditions (Va), multiply the voltage in the Resistor
Voltage column of Table 5-2 (V1) by the input impedance
of the DC voltmeter (Ry,) divided by the current sensing
resistor (Rg) plus Ry

e 6. Horizontal Display Accuracy (+3% unmagnified,
+2% magnified)

Tests 5, 6, and 7 are used to supply drive voltages, which
are measured with a voltmeter and used as a reference to
check the horizontal display accuracy. Table 5-3 lists the
pertinent information.

a. Install a card containing program 8 (Fig. 5-8) in the
card reader, I

b. Connect the voltmeter from the RIGHT C terminal
to the front panel TEST 8 EMITTER (GND) connector.

c. ADVANCE the 172 to test b.

d. Switch the MAGNIFIER to X10 HORIZ. Move the
DISPLAY OFFSET to 10 to return the display to the CRT.

e. Press the CAL button and adjust the horizontal FINE
to bring the spot to the center vertical graticule line. Read
the drive voltage from the voltmeter, and verify that the
display is within 2.0 major divisions (2%) of the drive
voltage.

f. Using the procedui’e of steps d and e, check tests 6
and 7 °iE£9§L§ﬂ§' and test 5 of program 9 (Fig. 5-9).

7. Horizontal Base Attenuator (+2%) '

Set the 576 controls as follows:

VERTICAL 1 mA
STEP GENERATOR 1V
OFFSET AID
OFFSET MULT 1.00
STEP FAMILY

SINGLE

a. Install a card containing program 10 (Fig. 5-10) in the
card reader. Mt

55
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TABLE 5-3
Driven Drive Horiz. Divisions Accuracy
Program Test Terminal Voltage Defl. Factor of Deflection Tolerance
8 5 C 100 mV 10 2%
6 C 1V 10 2%
Sloselid — 7 E 100 V 10V 10 2%
v 9 4 5 C 500 V 50 V 10 2%

b. Monitor the B terminal voltage (RIGHT side) with
the voltmeter.

c. ADVANCE the 172 to test 2. The spot will appear at
(or near) the 10th division.

d. Move the MAGNIFIER to HORIZ X10. Set the
DISPLAY OFFSET to 10 to return the spot to the screen.
Press the CAL button and adjust the horizontal FINE to
bring the spot to the center vertical graticule line. Read the
base voltage from the voltmeter, and check that the spot is
within 2.0 major divisions (2%) of the base voltage.

e. Install a program card containing program 11 (Fig.
5-11) in the card reader. S

f. Move the OFFSET MULT to 10.00. Repeat steps b
(base voltage is now 10 V), ¢, and d.

8. Current Supply

The current supply is tested by sending various pro-
grammed currents through precision resistors, and checking

the resistor voltage to ascertain the current magnitude.
Table 5-4 lists the tests. »

a. Install a card containing program 12 (Fig. 5-12) in the
card reader. '

b. Connect a 1 M resistor (and 0.1 uF capacitor, if
needed) between the B and E terminals, RIGHT side. Move
the LEFT-OFF-RIGHT switch to RIGHT. (Use the
capacitor as necessary for noise reduction.)

c. Connect the voltmeter between the B terminal and
TEST 8 EMITTER (GND). Fivet tevmingl

d. ADVANCE the 172 to test 3 and check that the
voltage is 0.1 V £0.033 V.

e. Check the remainder of program 12 voltages as listed
in TABLE 5-4. '

f. Install a card containing program 13 (Fig. 5-13) in the
card reader. Programﬁlitests should be made four times, at

TABLE 5-4
Connect
Resistor Current DC DC
Program Test from Resistor Drive Voltage Current
12 3 B-E 1 MQ 1 pA .1V 033V |.1uA£.033 uA
T 4 B-E 1 MQ 2 uA .2V 036V |.2uA£.018 uA
8 C-E 1 MQ S UA .3V +039V [.3uA =013 uA
9 C-E 1 MQ A A 4V £040V |4 pA 2010 uA
10 C-B 1 MQ 1.0 uA 1V+05V |[1.0uA .05 uA
1 E-B 1 MQ 2.0 uA 2V+06V |2.0uA £03uA
13 3 B-E 1 M 3.0 uA 3V+09V |[3.0uA +.03 A
- 4 B-E 1 MQ 4.0 uA 4V £108V [4.0uA +.027 uA
8 C-E 10 k&2 110 A 1.1V £.0022 V{110 pA +£.22 uA
. 9 C-E 1 kQ 1.1 mA 1.1V £.022 V|1.1 mA £22 uA
C[°-$€ “’C/-%—»—f‘? 10 C-B 45.45 kS 11 mA 500 V10V |11 mA £.22 mA
¢ heschif —> 1 EB 454.5 Q) 110 mA BOVEIV 110 mA£2.2mA
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high line and low line in both +(NPN) and —(PNP)
polarities.

g. Perform the specified voltage tests, using the listed
resistors.

9. Voltage Supply (3% +300 mV)

The voltage supply output is checked under load at high
line and low line in both +(NPN) and —(PNP) polarities.
High line tests are made using program 14 (Fig. 5-14); low
line tests use program 15 (Fig. 5-15). Table 5-5 lists the test
information.

a. Install a card containing R[&)ﬁ[iﬂli":ig- 5-14) in the
card reader. ’

~

b. Connect a 2 k§2 5% resistor (not included in kit of
Table 5-1) between the C and E terminals. Connect the
+voltmeter lead to the C terminal. Adjust the variable
autotransformer to high line.

c. ADVANCE the 172 to test 5, and check that the
resistor voltage is within specifications.

Performance Check/Calibration—172

d. Check the voltage supply in tests 6 and 7, using the
listed resistors.

e. Move the Type 576 POLARITY switch to —(PNP)
and repeat steps ¢ and d.

f. Install a card containing program 15 (Fig. 5-15) in the
card reader.

g. Adjust the variable autotransformer to low line.

h. Connect a 2.5 M resistor between the C and E
terminals. Monitor the C terminal voltage with the volt-
meter.

i. ADVANCE the 172 to test 5, and check that the
resistor voltage is within specifications.

j. Repeat step d for tests 6 and 7, program 15.

k. Move the Type 576 POLARITY switch to +(NPN)
and repeat steps i and j.

TABLE 5-5 ,
Ttreak

Connect Voltage Current Voltage
Program Test Resistor Resistor Drive Compliance Tolerance Note
14 5 2 k £5% C-E 1V 0.5 mA +0.33V High
T 6 25 k CB 10V 0.4 mA 0.6 V line

('.} 05 Jaud 7 100 k E-B 50 V 0.5 mA 1.8V

I\

15 5 25 M C-E 1V 0.4 uA +0.33V Low
- 6 25 M C-B 10V 0.4 uA +0.6 V line

Close L.od 7 ™ E-B 500 V 0.5 mA +15.3 V

7

10. Voltage Supply Current Limiting

This check tests the current-limiting circuitry of the 172

a. Install a card containing program 16 (Fig. 5-16) in the

card reader.

voltage supply. 100 V and 400 V are programmed. The 172
should NOT supply 100V or 400 V. Table 5-6 lists the

Perform these checks in both +(NPN) and —(PNP)
polarities.

This concludes the 172 Calibration Procedure.

tests.
TABLE 5-6
Connect Voltage Voltage
Program "~ Test Resistor Resistor Program Out
CinSe 16 Lod 5 100 k C-E 100 V ~85 V
GisSe £ d‘ 6 100 k C-B 400 V ~110V
- i

®
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