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Section 1—178 Service

SPECIFICATION

Introduction

The 178 Linear IC Test Fixture is a plug-in device for
use with the 577-D1 or 577-D2 Curve Tracer Systems. The
577-178 combination, with the D1 Display Unit module, is
designed to measure the parameters of operational
amplifiers, comparators, differential amplifiers, and
regulators. The D2 Display Unit may be used, but lacking
display storage, the results may not be satisfactory
because of the low frequencies necessary to test many
devices.

The 178 Linear IC Test Fixture features a sweep
generator, positive and negative supplies, part of the
vertical measuring system, a feedback loop for the Device
Under Test (DUT), and switching capabilities to facilitate
testing of various parameters under diverse conditions.

The sweep generator provides a variable frequency,
0.01 Hz to 1 kHz sinusoidal output. This output is used to
force the DUT output or the positive and negative supplies
(either in-phase or out-of-phase), or to sweep the DUT
inputs.

The dc voltage levels of both positive and negative
supplies are independently adjustable from 0 to 30 volts.
The negative supply amplitude can be made to track (have
the same absolute value as) the positive supply amplitude.
The maximum current capability of the positive and
negative supplies can be limited by potentiometers on the
DUT card. If the load current attempts to exceed the set
limits, the supply current limits and alamp foreach supply
indicates the condition.

Any pair (of four pairs) of internal source resistors can
be used in series with the amplifier inputs. Any value of
external source resistance can be added to the DUT card.
The DUT output can be loaded with one of seven values of
internal load resistance. Any value of external load
resistance can be added to the DUT card in parallel with
the 50 kQ of resistance provided on the card.

The vertical measurement system is capable of measur-
ing either voltage or current. The choice of voltage or
current measurement is determined by the position of the
FUNCTION switch and is indicated by the AMPS or
VOLTS lamp.

The vertical deflection factor switch has 28 positions
ranging from 50 p/Div to 50 m/Div (unmagnified) ina 1-2-5
sequence. All 28 positions are used for current
measurements, but only the range from 10 u/Div to 50
m/Div can be used for voltage measurements. Any attempt
to measure voltage using vertical deflection factors less
than 10 uV/Div (unmagnified) causes the VOLTS indicator
light to turn off, indicating an unusable switch position.

Vertical deflection factor is increased by ten when the
Vertical POSITION X10 VERT MAG knob on the 577 is
pulled to the outward position; the increase is indicated by
the lamp behind the VERT UNITS/DIV knob skirt. This
lamp also turns off if an unusable switch position is
selected.

A FUNCTION selector switch provides eleven test
positions. All positions are useful to test operational
amplifiers.

Horizontal deflection factors range from 50 mV/Div to
200 V/Div (unmagnified), and are selected from the
COLLECTOR VOLTS segment of the 577 HORIZ
VOLTS/DIV switch.

The Standard Op Amp card can be used to test single,
dual, and quad operational amplifiers. It can also be used
to test single and dual comparators and differential
amplifiers. Regulator cards are used to test three-terminal
regulator parameters. These regulator cards are optional
accessories and are covered on separate data sheets. IC
socket-pin configurations must be connected to the cards
by using adapter sockets and patch cords.

An offset ZERO button provides a zero crt display
reference and nulls offset voltage for certain
measurements that would otherwise be off screen. Offset
is usually reset automatically when the setting of the
FUNCTION switch is changed. Offset must be reset
manually when switching between 1 and .5 mV/DIV and
between .1 mV and 50 uV/DIV.

The stored display on the D1 Display Unit is erased
whenever the FUNCTION switch ischanged, except when
switching between +INPUT | and —INPUT I, +PSRR and
—PSRR, and +SUPPLY | and —SUPPLY |.

1-1



Specification—178 Service

The electrical characteristics in the following table are Items listed in the Performance Requirements column
valid only if the instrument has been calibrated at an of the Electrical Characteristics are verified by completing
ambient temperature between +20° C and +30°C, and the the Performance Check in this manual. Items listed in the
instrument is operating at an ambient temperature Supplemental Information column are not verified in this
between 0°C and +50°C (unless otherwise noted). manual; they are either explanatory notes or performance

characteristics for which no limits are specified.

Table 1-1
ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement Supplemental Information

Vertical Deflection
Factors

Input Current (In
+Input | and —Input |
Functions

50 pA/DIV to .2 mA/DIV in a 1-2-5 se-
quence, unmagnified.

5 pA/DIV to 20 uA/DIV with 10X magnifier

on.

Accuracy® Within £3% +50 pA, unmagnified.
Within 4% 50 pA with 10X magnifier
on.

Voltage® 10 uV/DIV to 50 mV/DIV in a 1-2-5 se-

quence, unmagnified.

1 uV/DIV to 5 mV/DIV with 10X magnifier
on.

GAIN and OFFSET V
Functions Accuracy®

Within £3%, unmagnified; +£4% with 10X
magnifier on.

CMRR Function o 100K 150
Accuracy Within £3% + Gain — K %+ K UNV/Nem
Within 4% + 100K 5130 Ly,
with 10X magnifier on (1 uV/DIV to
5 uV/DIV, see footnotes b and c).
PSRR Function L _ 100K __
Accuracy Within 3% + Gain — K %
Within £4% + =100 K 90 with 10x

magnifier on (1 uV/DIV to 5 uV/DIV;
See footnotes b and c).

“Accuracies are the highest percentage of on-screen values.

*Vertical magnification is not recommended for .5 mV/DIV through 50 mV/DIV unmagnified settings.

‘DUT gain with small voltage signal out near zero with 50 kQ load:
K =10 for 50 mV/Div to 1 mV/Div, K =100 for .5 mV/Div to 100 »/Div, and K = 1000 for 50 4V/Div to 10 uV/Div. Vcm = Common-

mode voltage.
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Table 1-1 (cont)

Specification—178 Service

ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Power Supply
Current

1 nA/DIV to 50 mA/DIV in a 1-2-5 se-
quence, unmagnified. 0.1 nA/DIV to
5 mA/DIV with 10X magnifier on.

Current Mode
Accuracy®

Within £3% +1 nA unmagnified; +4%
+1 nA with 10X magnifier on.

Collector Supply
Current

1 nA/DIV to 50 mA/DIV in a 1-2-5 se-
quence, unmagnified. 0.1 nA/DIV to
5 mA/DIV with 10X magnifier on.

- Current Mode
Accuracy®

Within £3% +1 nA, unmagnified. £4%
+1 nA with 10X magnifier on.

Positive and Negative
- Supplies

Voltage

Adjustable from 0 to 30 V.

Both supplies can be adjusted from the
+SUPPLY control. Negative supply can
be independently adjusted using the un-
calibrated —SUPPLY control.

Accuracy

Within £2% =100 mV.

The —SUPPLY voltage is within 1% (abso-
lute) of the +SUPPLY voltage when the
—SUPPLY controlisinthe TRACK +SUPPLY
position.

Current

At least 150 mA

Adjustable current limiting.

Sweep Generator

Frequency 0.1 Hz to 1 kHz, sinusoidal signal. Five Ranges overlap at X.1 end of variable.
- ranges, 0.1, 1, 10, 100, and 1000 Hz with
X.1 to X1 variable.
- Accuracy Within £5% in calibrated (X1) position.
| Amplitude

In OFFSET AND
GAIN Functions

Adjustable from 0V to 30 V £3% maximum
peak

Adjustable, depends on function. The voltage
should be limited to the output capability
ofthe DUT.

_ Common-mode Volt-
age in INPUT | and
CMRR Functions

0 V to 30 V 3% maximum peak. In the
1 mV/DIV to 50 mV/DIV ranges, the
values are 10% lower.

Limited to the power supply voltages (clipped)

- Power Supply Volt-
age in PSRR and
SUPPLY | Functions

See Positive and Negative Supplies

Manual Sweep

The Generator output may be manually setto
any dc level (uncalibrated) within its ampli-
tude range (depends on the setting of the
FUNCTION switch).

‘Accuracies are the highest percentage of on-screen values.

- @
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Specification—178 Service

Table 1-1 (cont)
ELECTRICAL CHARACTERISTICS

Characteristics Performance Requirement Supplemental Information

Source Resistance

Resistances Four pairs; 50Q, 10 kQ, 20 kQ, and 50 kQ.
When the VERT UNITS/DIV switch is setto
1 mV/DIV through 50 mV/DIV, the indicated
values increase by 500 Q. External resis-
tors can be used.

Tolerance +1%+10Q.

Load Resistance

Seven Resistances; 100Q, 1kQ, 2k, 5kQ,
10kQ, 20k, and 50 kQ2.

Resistances

+3% except when using the 50 mV, 20 mV, and
10 mV positions of the VERT UNITS/DIV switch.
The tolerance for the 50 kQ2 then becomes £30%,
forthe 20 kQ +14%, 10 kQ 7%, and 5 kQ £3%
when the DUT output voltage swingis2.5V or
less. The maximum tolerance decreases expo-
nentially as the output swingisincreased

and is less than 3% when the outputis
swinging £30volts.

Tolerance

Table 1-2
ENVIRONMENTAL CHARACTERISTICS

| Characteristic

Performance Requirement

Supplemental

Temperature

Specified Operating

+10°C (+50°F) to +40° C (+104°F)

Useful Operating

0°C (+32°F) to +50° C (+120°F)

Non-operating

—40°C (—40°F) to +65° C (+149°F).

Altitude

Operating To 10,000 feet (3000 metres)

Transportation 12-inch (30 cm) package drop. Qualified under
the National Safe Transit Committee procedure

1A.
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Specification—178 Service

Table 1-3
PHYSICAL CHARACTERISTICS
- Dimensions
Height 4.5inches (11.4cm)
Width 7.9inches (20.1 cm)
Depth 7.8inches (19.8 cm)
Weight
Net 3.3 pounds (1.5kg)

STANDARD ACCESSORIES

Refer to the Replaceable Mechanical Parts list for a listing of the standard accessories.






Section 2—178 Service

OPERATING INFORMATION

Introduction

The 178 Test Fixture operates with a TEKTRONIX 577
Curve Tracer and the D1 or D2 Display Unit as a system.

This section of the manual gives a brief functional
description of the front-panel controls of the 178. See the
577—178—D1 or D2 Operators Manual for a complete
operating procedure.

Preliminary

For initial preparation, refer to the Operating Instruc-
tions section of the 577—178—D1 or D2 Operators
Manual. The Operators Manual contains operating in-
structions, as well as general and specific application
information.

CONTROLS

This is a brief description of the functions of the front-
panel controls. More detailed information is given in the
Operators Manual.

FUNCTION Selector

The eleven-position FUNCTION switch selects the
points to be monitored by the vertical and horizontal
display axes, and selects the point driven by the Sweep
Generator.

SWEEP FREQUENCY

Adjusts the Sweep Generator frequency from .01 Hz to
1 kHz. Five calibrated frequency steps, .1, 1,10, 100, and 1
kHz, are provided. The VARIABLE control provides con-
tinuous adjustment from .1 to 1.0 times the selected
decade value.

SWEEP AMPLITUDE

Adjusts the Sweep Generatoramplitude from zero volts
to its maximum value (which depends on the function
being swept by the Sweep Generator).

+SUPPLY, —SUPPLY

There are two adjustable, regulated supplies, one
positive and one negative, in the 178. The adjustment
range is 0 to 30 volts, with 150 mA current capability.
Adjustable current limiting for each supply is provided on
the Device Card. Overload lamps in the supply-control
area indicate when the current limit is reached.

SOURCE RESISTANCE

This switch selects one pair of four input resistors pairs:
50 Q (550 Q when VERT UNITS/DIV is in the 1 mV to 50
mV/DIV range), 10 k, 20 k, or 50 k. External resistances
may be selected in the EXT position.

LOAD RESISTANCE

This switch selects one of seven load resistors: 100Q, 1
k, 2 k, 5 k, 10 k, 20 k, or 50 k. External resistance may be
selected in the EXT position.

VERT UNITS/DIV

This switch selects the vertical deflection factor. The
deflection factor is either voltage or current per division,
depending on the FUNCTION switch position. Indicator
lamps show either VOLTS or AMPS. The voltage measure-
ment range is 10 uV/DIV to 50 mV/DIV (uV/DIV with X10
vertical magnifier on). The current measurement range is
50 pA/DIV to 50 mA/DIV (5 pA/DIV with X10 vertical
magnifier on).

DEVICE CARD

The Device Card provides test configurations most
suited to several classes of devices. Device Cards provide
a means of making electrical connections to the DUT
(device under test), and in most cases, also provide some
circuitry.



Operating Information—178 Service
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Fig. 2-1. 178 Front-panel controls.




Section 3—178 Service

CIRCUIT DESCRIPTION

This section of the 178 Service Manual contains the
description of the 178 Linear Test Fixture. While using this
description, refer to the illustrations within this section,
and to the Switching Block Diagram and the circuit
diagrams in the foldout pages at the rear of this manual.

The 178 Linear Test Fixture is designed to perform a
multiplicity of tests, some of which differ widely. As a
result, the circuit description is divided into two major
parts, the Function Description and the Detailed Circuit
Description. In the first, the 178 is described, for each
function switch position, in the way the major circuits
work together. In the second, each of the major circuits is
described in detail.

FUNCTION DESCRIPTION
OFFSET VOLTS

Refer to Fig. 3-1. In this test, the Sweep Generator is fed
in at the input of the Feedback Amplifier, forcing the
Device Under Test (DUT) output. This is fed to and
displayed by the Horizontal Amplifier. At the same time,
the Vertical Amplifier displays the resultant differential
voltage at the input terminals of the DUT. Note that the
Sample & Hold Amplifier is not connected in the circuit;
otherwise, the Sample & Hold circuit would have compen-
sated for the differential voltage.

- o

SWEEP

GEN

POSITIVE
POWER
SUPPLY
R SOURCE
DUT

L

R SOURCE
R LOAD
NEGATIVE
POWER
SUPPLY
FUNCTION §____.
SWITCH

\Y!
A

AN 1 | FEEDBACK
AMP

k . -
AMP
/ Y

VERT
AMP

FUNCTION
SWITCH

SAMPLE
&

HOLD

1474-16

Fig. 3-1. Block diagram of OFFSET V configuration.
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Circuit Description—178 Service
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Fig. 3-2. Block diagram of + INPUT | configuration.

+ INPUT |

Refer to Fig. 3-2. In this test, the Sweep Generator
provides a voltage to sweep the input of the DUT, while the
input current tothe DUT is measured. The sweptvoltage is
displayed by the Horizontal Amplifier, and the resultant
input current is first processed by the I/V Converter, then
applied to the Vertical Amplifier for display on the vertical
axis.

3-2

— INPUT I

Refer to Fig. 3-3. This test is exactly the same as the one
for + INPUT I, except that the I/V Converter is tied to the
opposite DUT input, permitting the measurement of the
current at the minus input.
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Fig. 3-3. Block diagram of — INPUT | configuration.
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Fig. 3-4. Block diagram of CMRR configuration.
CMRR GAIN
Referto Fig. 3-4. In the CMRR mode, the DUT inputs are Refer to Fig. 3-5. The GAIN measurement configuration

tied together through attenuators, then a voltage is is similar to the OFFSET VOLTS configuration described
applied to the common junction of the attenuators from earlier, except for the inclusion of the Sample & Hold
the Sweep Generator. The sweeping voltage is displayed Circuit. The Sweep Generator output is used to force the
on the horizontal axis. The resultant differential voltage DUT output, which in turn is fed to the Horizontal
that is fed back to the inputs from the Feedback Amplifier Amplifier for display on the horizontal axis. The resultant
is displayed on the vertical axis. differential voltage is fed to the vertical amplifier for

display on the vertical axis.
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Fig. 3-5. Block diagram of GAIN configuration.
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Fig. 3-6. Block diagram of + PSRR configuration.

+ PSRR

Refer to Fig. 3-6. The objective of the + PSRR test is to
divide the change in power-supply voltage by the change
in input voltage required to hold the output voltage
constant. To do this, the Sweep Generatoris connected to
sweep the positive power supply; the horizontal axis
displays this signal. The resultant change is sent to the
Vertical Amplifier for display on the vertical axis.

— PSRR

Refer to Fig. 3-7. This test is identical to the + PSRR
test, except that the minus supply is swept rather than the
plus supply.
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Fig. 3-7. Block Diagram of — PSRR configuration.
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Fig. 3-8. Block diagram of + PSRR configuration.

* PSRR

Refer to Fig. 3-8. The = PSRR configuration is similar to
the previous two tests, except that the Sweep Generator
output is applied to both the plus and minus supplies, and
they are swept in opposite directions. The output of the
positive supply is displayed on the horizontal axis, and the
differential input voltage to the DUT is displayed on the
vertical axis.

3-8

+ SUPPLY |

Refer to Fig. 3-9. The power supply voltage is swept by
the output of the Sweep Generator in this configuration.
The output of the positive power supply is fed through the
I/V Converter, then the Vertical Amplifier fordisplay of the
power supply current. The Horizontal Axis displays the
swept power supply voltage.

@
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Fig. 3-9. Block diagram of + SUPPLY | configuration.
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— SUPPLY |

Fig. 3-10. Block diagram of — SUPPLY | configuration.

Refer to Fig. 3-10. This configuration is identical to the
+ SUPPLY | configuration, except that the minus power
supply voltage is swept and both current and voltage are

displayed.

3-10

COLLECTOR |

Refer to Fig. 3-11. This is the "standard” curve-tracer
configuration. The collector supply is connected to the
Horizontal Amplifier, and by way of the I/V Converter, to
the Vertical Amplifier. The configuration not only permits
the operator to use the 178 and 577 as a standard curve
tracer, but also permits using the collector supply to
replace either of the DUT power supplied (+ or —). The
collector supply can also be patched to any other points
on the DUT card as required by a particular test where
current vs voltage measurements of the collector supbly

are required.
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Fig. 3-11. (A) Block diagram of COLLECTOR SUPPLY | configuration; (B) Horizontal and vertical connection for COLLECTOR
SUPPLY | configuration.
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DETAILED CIRCUIT DESCRIPTION

Vertical Preamplifier

Referto Diagram 1. The vertical preamplifier consists of
three major circuits, the preamplifier circuit, the I/V
Converter, and the Looping Compensation Amplifier.

Preamplifier. This circuit consists of two operational
amplifiers, U340B and U350A, plus related components.
The first, U340B, has a nominal gain of 1, 10, or 100,
depending on which of the three feedback resistors is
selected. R331 is the input resistance of the amplifier. The
plus input of U340B is controlled by the level adjusted by
R340, VERT PREAMP BAL, which is adjusted for the least
vertical display shift between vertical sensitivity settings.
The second amplifier, U350A, has a nominal gain of 1,2.5,
or 5, depending on the setting of the vertical sensitivity
switch. R351 is the input resistor. Display Zero switch
S200A is used to connect the minus input to the floating
power supply common (to which the plus input of each
amplifier is returned) in order to establish a reference
point on the display. The preamp receives signals from the
feedback amplifier or the 1/V Converter; the first is used in
the display of voltage on the vertical axis, and the second
is used for current displays on the vertical axis.

I/V Converter. The current-to-voltage converter (I/V
Converter) consists of operational amplifier U340A and
dual FET Q310, plus surrounding components. Feedback
resistors R321, R322, and R323 are switched in parallel
with R324 to select the gain of the amplifier for various
vertical units/div settings.

In all but the six highest current settings of the vertical
units/div switch, the I/V Converter operates in the "virtual
ground” method. Thisis acase in which there is effectively
no input resistance to the amplifier.

When the vertical units/div switch is set to one of the six
highest settings, the converter operates in a more conven-
tional voltage amplifier mode. Resistor R305 is switched
into the minus input to operate as the input resistance to
the amplifier, and R301 and R302 are placed across the
plus and minus inputs; the input current is applied to and
voltage is developed across the two resistors. Converter
Bal adjustment R310 is adjusted to match the output of the
converter to the input of the Vertical Preamp.

The I/V Converter is switched in or outof the input path
of the vertical preamp by the function switch; it is in the
path when the INPUT |, SUPPLY I, and COLLECTOR
SUPPLY | functions are selected. Otherwise, the output of
the feedback amplifier is connected directly to the input of
the vertical preamplifier.
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Looping Compensation. Amplifier U350B compares
chassis ground, through an extremely high resistance
(R316-R317), with the floating power supply common.
Looping adjustment R315 is connected across the
amplifier to act as the feedback resistor for the amplifier.
The resistor, and thus the gain of the amplifier, is adjusted
to reduce looping of the display that occurs during high-
sensitivity current measurements.

Feedback Amplifier Circuits

Refer to Diagram 2. This diagram depicts the Feedback
Amplifier, the Sample & Hold circuit, and the indicator
drive circuits. The Feedback Amplifier and related com-
ponents form the network that amplifies the DUT output
and feeds it back to cancel the original driving signal at the
minus input of the DUT. The Sample and Hold amplifier
performs essentially the same function at the plus input of
the DUT, to compensate for the differential offset voltage
between inputs.

Feedback Amplifier. Transistors Q214, Q222, and Q226
form a non-inverting operational amplifier. Inputs to the
amplifier are fed through equal-value summing resistors
to reduce dc input shift. The gain of the stage is
approximately three, as set by R223 and R227. Feedback
Bal adjustment R229 is set for zero dc level change from
input to output of the stage.

Resistors R231, R233, R235, and R238 form the feed-
back string that passes the outputsignal to the DUT minus
input. Vertical units/div switch contacts include or ex-
clude resistors in the string to allow for different sen-
sitivities.

The reader should note that the output of the Feedback
Amplifier, through P235 pins 1 and 2, is illustrated far less
complex than it actually appears in the circuit. The output
signal from Q226 passes through P235 pin 3, through the
Interface connector (see Diagram 6), through pin B22 of
the Standard Op Amp Card (see Diagram 7) through
switch S30. This switch permits the use of an externally
connected feedback amplifier in line with the internal
circuitry of the 178. From the switch, the signal passes
through pin B23, back through the interface connector,
through pin 1 of P235 and to the divider string shown on
Diagram 2. As noted above, the circuit is drawn as shown
for clarity of illustration, since the normal mode of
operation is without the external feedback amplifier.

Sample and Hold Amplifier. Dual FET Q252 and
amplifier U250 form the Sample and Hold Amplifier. The
amplifier is used to force the plus input of the DUT to
whatever level that will allow the minus inputto reach zero
volts.



The X1000 CMRR, X100 CMRR, and X10 CMRR ad-
justments (R262, R265, and R267, respectively) are used to
compensate for slight variations in the values of the
resistors used in the output divider string. The vertical
units/div switch selects combinations of resistance in the
output divider string to allow for different sensitivity
selections.

Indicator Drive Circuits. Transistors Q284 and Q286
energize the front-panel volts and amps indicators,
respectively. The two conduct exclusively; that is, when
Q284 is conducting, it prevents Q286 from conducting.
Likewise, when Q284 is cut off, base current for Q286 is
furnished through the VOLTS lamp, and the transistor
conducts. Emitter current is furnished for both transistors
through Q280.

Control for the drive circuits comes from the FUNC-
TION switch (F6), the VERTICAL UNITS/DIV switch (V1),
and the Vertical Mag switch in the 577. When the Function
switch is set to any of the current measurement positions,
contact F6 is open, cutting Q284 off, and permitting Q286
to conduct. If the Vertical Units/Div switch issetto 5 uAor
less, contact V1 is closed, which cuts off Q280. This in turn
cuts off both transistors, since no voltage measurements
are made below 10 uV.

Power Supply Circuits

See Diagram 3. The Power Supply consists of the
Sweep Generator, Sweep Amplifier, Plus and Minus
Supply Regulators, Current Limit circuits, and the Current
Overload Indicator circuits. The circuits depicted furnish
plus and minus dc and swept voltages to the supply
terminals of the DUT, and a sine-wave signal to sweep the
Feedback Amplifier.

Sine-Wave Generator. This circuit consists of asquare-
wave generator, an integrator-shaper circuit, and an
amplifier. The Generator first generates a square wave,
integrates it to form a triangle wave, then shapes the
triangle wave into a sine wave. The sine wave is then
amplified and sent to the Sweep Amplifier circuits.

Comparator Q402-Q404, along with Q408 and Q406,
form the square-wave generator. Sweep frequency is
controlled by the position of S420, which selects different
resistance values for each frequency range. Variable
frequency control is accomplished by R415. The calibra-
tion of the front-panel frequency controls is performed by
adjusting R410.

The signal from the emitter of Q408, which swings from
about +29 volts to about —29 volts, is coupled through the
frequency-selected network to the input of U424. This
amplifier, in conjunction with C424 and C425, integrates
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the square wave into a triangle waveshape. The outputs of
U424 and Q408 are summed through R402 and R401 and
applied to the comparator input. This causes the com-
parator to switch when the output of U424 is at about 5
volts. The triangle wave is fed through R426 to the shaper
network.

The shaper network consists of two main sections:
Q442, CR443, CR444, and CR445 act upon the negative
half of the input triangle wave; Q452, CR453, CR454, and
CR455 shape the positive half of the triangle wave. Since
the two sections actupon the inputsignal in the same way,
only the upper (Q442) half will be discussed.

Voltage divider R441-R442 holds the base of Q442 at
about —3.2 volts. Q442is conducting, so its emitter rests at
about —2.5 volts. All three diodes are back-biased with no
signal applied, so the anode of CR443 is at about —2.5
volts, CR444 is at about —2 volts, and CR445 is at about
—1.1 volts. Thus, as the triangle wave is applied to the
shaper circuit, the level at the cathode of CR445 drops
until the diode begins to conduct, changing the effective
load at the output of the integrator. As the applied signal
continues to drop, CR444, then CR443 conduct, further
changing the load on the integrator. The resultant output
seen at TP448 is a sinusoidal waveshape that is applied to
the amplifier.

Amplifier U432A is used to isolate the shaping circuit
from the impedance changes that occur when the SWEEP
AMPLITUDE control is changed. The stage has a gain of
approximately one, as determined by the ratio of R432 to
R449. During power supply rejection ratio and supply
current tests, —30 volts is connected through R431 to the
input of U432A. Through divider action, this offsets the
output of the amplifier by about three volts. This action is
used in tests in which the sweep signal must vary in only
one direction from zero.

Manual Sweep. Normally, in automatic sweep opera-
tion, SWEEP AMPLITUDE control R460 is connected
across ground and the output of U432A. When MANUAL
SWEERP is selected, R460 is connected across the output
of U460A and U460B. The voltage applied to the input of
U460A varies from zero to about —6 volts, depending on
the setting of R560, the + SUPPLY control. R562, the
Supply Cal adjustment, is set for 60 volts (with R560, +
SUPPLY control, set to 30 V) across the front-panel
SUPPLY jacks; this places + 5 volts at the output of U432B.

In the three PSRR and two SUPPLY | positions of the
FUNCTION switch, contact F4 is closed, connecting —30
volts to R461 and saturating Q462. The collector of Q462 is
at ground, holding the input and output of voltage follower
U460B at ground. In manual sweep, then, the bottom of
R460 is held at ground for the above-mentioned functioris.
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U432B is also a voltage follower, so the voltage tapped
off R560 is also that appearing at the output of U432B. This
potential, about —5 volts, is applied through R467 to the
input of U460A, which has a gain of about 0.6. The voltage
at the output of U460A (about +3 volts) is applied to the
top end of R460; thus, in the PSRR and SUPPLY | positions
of the FUNCTION switch, about three volts maximum is
applied across R460 when manual sweep operation is
selected.

When the 178 is operated in the functions other than the
PSRR and SUPPLY | tests, switch contact F4 is open, and
Q462 is cut off. The voltage from the output of U432A is
divided across R463 and R464, applying about 60% to the
input of U460B. The output level of U460B, about —3 volts,
is applied to the bottom end of R460. (The +3 volts from
U460A is still applied to the top of R460.) Thus, for
functions other than PSRR and SUPPLY |, approximately
twice the voltage is applied across R469.

Sweep Amplifier. The Sweep Amplifier consists of Field
Effect Transistor Q520, Integrated operational amplifier
U540, and four bipolar transistors, Q536, Q538, Q546, and
Q548. The amplifier is fundamentally an inverting
operational amplifier having a gain of ten; the ratio of R527
and R549 set the gain of the stage. Q520, by means of the
F1 contact of the FUNCTION switch (closes between
positions of the switch) or contact B of the DISPLAY
ZERO switch, disconnects the input signal from the
Sweep Amplifier. The output of the stage is applied to the
+ Supply through contact F8, the — Supply through
contact F3, and to the DUT via J201-2 (Diagram 2). The
sweep amplifier output is connected to the DUT power
supplies to sweep the supplies in PSRR and SUPPLY |
modes, and forces the DUT inputs in CMRR and INPUT |
modes. The FUNCTION switch is used to select the
desired mode.

Supplies and Regulators. The sweep amplifier sine-
wave output signal is applied to the + DUT supply via
switch contact F8, divided through R570-R571, and
applied to U576, which sets both the output voltage of
Q584 and the + DUT voltage out.

The sine-wave output from the Sweep Amplifier is also
applied to the — DUT supply, through divider R551-R552,
contact F3, then to the input of U476, which sets both the
output voltage of Q484 and the — DUT voltage out.
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The + SUPPLY dc level is set by U432B and R560. This
dc level is applied to pin 2 of U576. The result of the dc level
on pin 2 of U576 and a sine wave on pin 3isadc level at the
output, pin 6, swept at the sine-wave rate.

The — SUPPLY dc level is set by R565 (through switch
S§565) when it is out of the detent (fully counterclockwise)
position in the same manner as the + SUPPLY dc level is
set. The — SUPPLY can be swept by the sweep generator
at the sine-wave rate.

When the — SUPPLY control is in the detent position
(TRACK + SUPPLY), both supplies have the same ab-
solute value of voltage out and are under control of
precision + SUPPLY control R560.

The Output amplifiers, U476 and U576, can furnish no
more than about 20 mA to the load; thus, Q484 and Q584
are used as series-pass transistors todrive the DUT inputs.

Current Limiting and Overload Indication. The re-
sistors on the DUT card that are marked + | LIMIT and
— | LIMIT control the voltage across the base-emitter
junction of the current limiter transistors, Q572 and Q472,
respectively. Since the circuits are identical, only the plus
supply is discussed here.

The + | LIMIT potentiometer is adjusted by the
operator to limit the current to be furnished by the supply.
The combination of R586, R584, and the + | LIMIT resistor
can vary the current limit point from about 1 mA to about
150 mA. Assume thatthe + | LIMIT resistoris setto limitat
50 mA. Its resistance, plus that of R586, is set at about six
ohms. If the collector current of Q584 exceeds 50 mA, the
base of Q572 is pulled negative sufficiently to cause it to
conduct. Q578 is immediately biased on, lighting the (+)
OVERLOAD indicator lamp. Also, the minus input of U576
is pulled positive, which in turn causes its output to move
negative. This change is coupled to the base of Q584,
reducing its conduction and limiting the current supplied
to the DUT.
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MAINTENANCE

Introduction

This section of the manual contains information for use
in preventive and corrective maintenance, with some aids
to troubleshooting.

PREVENTIVE MAINTENANCE

General

Preventive maintenance consists of cleaning, visual
inspection, lubrication, etc. Preventive maintenance per-
formed on a regular basis improves instrument reliability.
The severity of the environment in which the instrument is
used determines the frequency of maintenance.

Cleaning

The 178 Test Fixture should be cleaned as often as
operating conditions require. Accumulation of dirt in the
instrument can cause leakage current and component
breakdown, especially in a humid atmosphere.

Exterior. Loose dust accumulated on the outside of the
instrument can be removed with a soft cloth or a small
paint brush. The paint brush is particularly useful for
dislodging loose dust on and around the front-panel
controls. Dirt that remains can be removed with a soft
cloth dampened in a mild detergent and water solution.
Abrasive cleaners should be avoided.

Interior. Dust in the interior of the instrument should be
removed occasionally to prevent electrical conduction in
high-humidity environments. Using dry, low-velocity air,
blow out accumulated dust. Remove any remaining dirt
with a mild detergent and water solution. A cotton-tipped
applicator is useful for cleaning circuit boards.

CAUTION

Avoid the use of chemical cleaning agents that might
damage the plastics used in the instrument. Do not
use chemicals that contain benzene, toluene,
xylene, acetone, or similar solvents.

Lubrication

The reliability of potentiometers, rotary switches, and
other moving parts can be maintained if they are kept
properly lubricated. Use a cleaning-type lubricant on
rotary switch contacts. Lubricate switch detents with
heavier grease (such as Tektronix Part No. 006-0219-00).
Do not lubricate cam switches.

NOTE

Shaft bushings of potentiometers that are not sealed
should be lubricated with a lubricant that will not
affect the electrical characteristics. Do not over-
lubricate. A lubrication kit (Tektronix Part No. 003-
0342-01) is available.

Visual Inspection

The 178 Test Fixture should be inspected occasionally
for such defects as broken connections, loose pin connec-
tions, improperly seated transistors, damaged circuit
boards and heat damaged parts.

The corrective procedure for most visible defects is
obvious. However, particular care must be taken if heat
damaged components are found. Overheating usually
indicates other trouble in the instrument. it is, therefore,
important that the cause of overheating be corrected to
prevent recurrence of the damage.

Transistors and Integrated Circuits

Periodic checks of individual transistors and integrated
circuits are not recommended. The best check is their
operation in the equipment as reflected by performance.
Sub-standard performance is normally detected during a
performance check or calibration procedure.

Recalibration

To ensure accurate measurements, check the instru-
ment calibration after each 1000 hours (approximately) of
operation, or if the instrument is used infrequently, every
year. Replacement of components may necessitate
recalibration of the affected circuits. Complete calibration
instructions are given in the Performance Check/Adjust-
ment section. The Performance Check/Adjustment
procedure can also be helpful in locating troubles.
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TROUBLESHOOTING

Introduction

The following information is provided to facilitate
troubleshooting the 178. Information contained in other
sections of this manual should be used with the following
information to aid in locating circuit defects (see
Operating and Circuit Description sections).

Troubleshooting Equipment

The following equipment is useful for troubleshooting
the 178.

1. Semiconductor Tester. Some means of testing the
transistors, diodes, FETs, and linear op amps used in the
instrument is helpful. A curve tracer, such as the Tektronix
575,576, or 577-177 (577-178 for linear op amps) gives the
most complete information.

2. DC Voltmeter and Ohmmeter. A voltmeter for
checking circuit voltages and an ohmmeter for checking
resistances and diodes are required. For most
applications, a 20,000 ohms/volt VOM can be used if
allowances are made for circuit loading when measuring
voltage at high impedance points.

3. Test Oscilloscope. An oscilloscope with a DC to
1 MHz bandwidth and 10 mV/Div to 10 V/Div vertical
deflection factoris suggested. A 10X probe should be used
to reduce circuit loading.

Troubleshooting Aids

Diagrams. Circuit diagrams are located on foldout
pages in the Diagrams section near the rear of the manual.
The component number and electrical value of each
component is shown. See the first page of the Diagrams
section for definition of the symbols used to identify
components.

An overall block diagram (SWITCH CONFIG BLOCK
DIAGRAM) is provided in the DIAGRAMS section. This
block relates the circuits to the FUNCTION and VERTIcal
UNITS/DIV switch contact numbers.

Circuit Description. The Circuit Description, Section 3,
contains a brief description of the theory of circuit
operation. The circuit configuration for each function
switch position is shown in the series of block diagrams,
Figures 3-1 through 3-11. Also, refer to the schematic
diagrams in the pullout diagrams section.
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Transistors and Integrated Circuit Lead Con-
figurations. The lead configurations of the transistors and
ICs in the 178 Test Fixture are shown on the schematic
diagram introduction page.

Voltages and Waveforms. Important voltages and
waveform are shown on the diagrams.

Capacitor Values. Values of disc capacitors are marked
on the capacitor body and electrolytic capacitor values are
marked either on the capacitor body or are color coded
(see Fig. 4-1).

YELLOW

/

INDICATES 47 x 10° pF
OR 4.7 x 10~% = 4,7 uF

1474-27

Fig. 4-1. Electrolytic capacitor color code.

Diode Color Code. The cathode end of each glass
enclosed diode is indicated by a stripe, a series of stripes,
or a dot. For diodes using a series of stripes, the color code
identifies either the Tektronix part number of the JEDEC
number. This code foliows the standard color code except
that a pink first band indicates a Tektronix part number,
i.e., pink-brown-grey-green, indicates Tektronix Part No.
152-0185-00.

Circuit Boards. A depiction of each circuit board that
relates to the circuit diagram with circuit components
identified, is included on the back of the preceding circuit
diagram. Each circuit board photo is sectioned by a grid
system to facilitate rapid location of components by
component number.

Access to Circuit Boards in the 178
1. Remove the side panels.

a. Remove the sixscrews on each side (note thetwo
screw types: self-threading and machine).

2. Remove the bottom panel.

a. Remove the three pan-head machine screws
from the bottom panel (see Fig. 4-2).

b. Remove the four flat-head machine screws from
the bottom panel.
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Fig. 4-2. Right-side and bottom panel of the 178.
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c. Remove the two pan-head machine screws from
inside the storage compartment (see Fig. 4-3).

d. Remove the two shieids that form the side of the
storage compartment. See Fig. 4-3. (The front shield held
in place with two hex nuts, Fig. 4-3, need not be removed).

e. Remove the bottom panel.

Removing the Vertical Preamplifier and Feedback
Amplifier Boards from the 178

1. Remove the Power Supply circuit board as follows:

a. Remove the eleven multi-pin connectors from the
Power Supply circuit board. See Fig. 4-5 for circuit-board
location.

Fig. 4-3. Top view of the 178 showing storage-compartment
shields.

ROUND-HEAD
MACHINE SCREWS

& e

REsETRNE

Fig. 4-4. Top view of the 178.
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NOTE

The last digit in the number of the circuit-board to
which the mulit-pin connector is mated indicates the
color of the connector body. The standard color
code is used. Forexample, the connector body color
for P473 is orange. An arrow on the circuit board
indicates pin number one on the board. Pin number
one is marked with an arrow on the plug. Align the
arrows for correct position.

b. Remove the red connector (P222) from the rear
of the Feedback Amp board. Lift the pair of wires (attached
to the red connector) away from the Power Supply circuit
board.

c¢. Remove the three round-head machine screws
from the top-rear of the instrument (Fig. 4-4).

d. Slide the Power Supply circuit board and rear-
panel assembly away from the instrument far enough to
unsolder the two black panel-lamp leads.

e. Remove the circuit board and rear-panel
assembly.

2. Remove the Vertical Preamp, Feedback Amp, and
Interface Boards (remove as a unit) as follows:

a. Remove the six multi-pin connectors (color cod-
ed as previously detailed).

b. Lift the three-lamp holder caps away from the
platic sleeves (see Fig. 4-6).

¢. Note the positions of the VERT UNITS/DIV and
FUNCTION switches and remove the switch knobs.

d. Notethe positions of the SOURCE RESISTANCE
and LOAD RESISTANCE knobs and remove the knobs.

e. Remove the hex nut and washer from the
SOURCE RESISTANCE, LOAD RESISTANCE, and
FUNCTION switch shafts.
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| Fig. 4-5. Location of circuit boards in the 178.
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Fig. 4-6. Location and assembly details of indicator lamps.

f. Remove the four flat-head screws (visible
through the front-panel openings, see Fig. 4-7) at the
VERT UNITS/DIV and FUNCTION switches.

g. Loosen the socket-head screw from the DUT
SUPPLIES switch arm (see Fig. 4-8).

h. Remove the three multi-pin connectors from
the Interface circuit board.

i. Remove the DUT card-grounding clip (see Fig. 4-
9).

j. Remove the two hex nuts (that hold the bracket to
the main chassis) near the 60-pin interface connector.

k. Lift the Vertical Preamp, Feedback Amp, and
Interface circuit boards away from the instrument, as a
unit.

I. Separate the two board assemblies lying at right
angles by pulling the Interface board away from the
double-board assembly.

4-6
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Fig. 4-7. Location of the flat-head machine screws under
FUNCTION and VERT UNITS/DIV switches.

Removing and Replacing the Feedback and Vert
Preamp Boards from the Cam-Switch Assembly

If the two boards (Feedback Amplifier and Vertical
Preamp) common to the FUNCTION and VERTical
UNITS/DIV switches must be separated, remove only one
board at a time from the cam switch drum-and-bearing
assembly. The drum-and-bearing assembly is precisely
aligned atthe factory. If both boards are removed from this
assembly, the alignment is destroyed. If both boards must
be removed, do not disassemble until the replacement
boards are obtained. Replace one board at a time to
preserve the alignment.

Cam Switch Repair and Replacement

A cam switch is actually an assembly consisting of a
cam rotated by a front panel control and a set of contacts
on an adjacent circuit board.

If the cam in the cam-switch drum-and-bearing
assembly must be replaced, do not remove the assembly
from the circuit boards until the replacement cam
assembly is obtained. An alignment fixture and installa-
tion instructions are included with the replacement cam
assembly.

S
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Fig. 4-8. Location of the DUT SUPPLIES switch arm.

CAUTION

Repair of cam switches should be undertaken only
by experienced repair personnel. Switch alignment
and spring tension of the contacts must be carefully
maintained for proper operation of the switch. For
assistance in repair of the cam switches, contact
your local Tektronix Field Office or representative.

Cleaning. If the contact is not obviously damaged, try
cleaning it before replacing. Follow the cleaning
procedures in the order given; the first ones are the

easiest.
CAUTION

When cleaning cam switch contacts:

1. Don't use cleaners, detergents, or lubricants
which leave a residue. The residue can interfere with
the high-frequency response of the contact. Also,
the residue will attract dust and cause the contact to
require frequent cleaning.

2. Don’t use any cleaners which contain fluorocar-
bons. These will damage the cam portion of the
switch. Fluorocarbons also damage the circuit
board material used in some instruments.

3. Don't use anything that could snag the contact,
like a cotton swab.

Maintenance—178 Service

INTERFACE
CIRCUIT

~ DUT CARD
- GROUNDING?
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Fig. 4-9. Location of the DUT card grounding clip.

4. Don't scrape the pad. If the gold is removed from
the pad, the pad will oxidize and cause future
problems.

5. Don't bend the contacts. This may temporarily fix
the problem. However, bending the contact
damages its self-cleaning action and causes
problems in the future.

Use the following procedures to clean the contacts:

1. Operate the switch several times. The wiping action
may clean the contacts.

2. Blow low pressure airin the area of the contact while
operating the switch.

3. Flush the contact with isopropyl alcohol and blow
dry with low-pressure air. Isopropyl alochol is flammable;
avoid its use near open flame or other potential sources of
ignition.

If the above procedures don't work, replace the contact
strip. If cleaning the switch restores continuity, check to
ensure that the contact wipes across the pad. If the contact
does not wipe, replace the contact strip.
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Contact Replacement. Cam Switch contacts in this
instrument are part of a contact strip assembly. Refer to
the mechanical parts list for ordering information.

If you do not have a replacement contact strip
assembly, bend the contact for a temporary repair. If you
do bend the contact, make note of its location and the
symptom it causes. This will speed repair if the contact
fails before you can make permanent repair.

Removal of Storage Compartment Shields

Preliminary

1. Remove the two flat-head machine screws (Fig. 4-
10) from the bottom panel.

2. Remove the two round-head machine screws (Fig.
4-11) at the front of the storage compartment.

Removal-Right Shield

1. Press lightly at the point on the shield indicated in
Fig. 4-12.

Fig. 4-10. Location of the screws securing the storage
compartment shield.

2. Grasp the upper-right corner of the shield and tiit
the top of the shield toward the center of the instrument
while lifting the shield upward.

3. When the bottom of the shield clears the hex nut on
the bottom panel, swing the front of the shield toward the
instrument center, and lift the shield away from the
instrument.

Removal-Left Shield

1. Press lightly at the point on the shield indicated in
Fig. 4-12.

2. Grasp the upper-left corner of the shield and tilt the
top of the shield slightly toward the instrument center
while lifting the shield to clear the hex nut on the bottom
panel.

3. Swing the front of the shield toward the center while
pulling forward on the shield, until the shield clears the
grounding clip (Fig. 4-12).

4. Lift the shield from the instrument.

SWECE PRI S
ey

Fig. 4-11. Location of the screws in the storage compartment.
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1474-38

Fig. 4-12. Removing the storage compartment shields.

1474-39

Fig. 4-13. Replacement of the storage compartment shields.

Replacement of Storage Compartment Shield-Left
Side

1. Place the shield inthe instrument as shown in Fig. 4-
13, with the back edge to the left of the grounding clip.

2. Tilt the top of the shield slightly toward the instru-
ment center, while swinging the front of the shield toward
its final position.

3. When the bottom of the shield clears the hex nut on
the bottom panel, slide the shield into position and place
the round-head machine screw through the front tab, but
do not tighten.

4. Replace the flat-head screw through the bottom
panel into the shield and tighten. Tighten the round-head
machine screw at the front of the compartment.
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Replacement of Storage Compartment Shield-Right
Side

1. Place the shield into the compartment as shown in
Fig. 4-13.

2. Grasp the upper-left corner of the shield and tilt the
top of the shield slightly toward the instrument center.

3. Keeping the shield tilted, swing the front end of the
shield toward its final position, lifting slightly to clear the
hex nut on the bottom panel.

4. Place the round-head screw through the front tab,
Fig. 4-13, but do not tighten.

5. Replace the flat-head machine screw through the
bottom panel into the shield and tighten. Tighten the
round-head machine screw at the front of the compart-
ment.
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Section 5—178 Service

PERFORMANCE CHECK/ADJUSTMENT
PROCEDURE

Introduction

This section of the manual contains separate check and
adjustment procedures. The Check procedure is provided
to check the instrument operation against the instrument
specification. The adjustment procedure is used to return
the instrument to the original performance capabilities.
Adjustment is generally required after a repair has been
made, or after along time interval in which normal aging of
components may affect instrument accuracy.

Services Available

Tektronix, Inc. provides complete instrument repair
and calibration service at local field service centers and
field offices. Contact your local Tektronix Field Office or
representative for further information.

Test Equipment Required

The following test equipment, or equivalent, is required
for a complete check or adjustment of the 178 Linear IC
Test Fixture. All test equipment is assumed to be correctly
calibrated and operating within the listed specifications.

1. Digital Ohmmeter or Resistance Bridge: range, 50 Q
through 50 kQ; accurate within 0.1%.

2. Differential dc Voltmeter: input resistance, 1000 MQ;
range, 0 through 4 volts; accurate within 0.1%. A digital
voltmeter may be used for some of the measurements in
these procedures. Use the differential voltmeter where
indicated.

3. Test Oscilloscope: dual input, dc coupled; time/div,
.1 ms through 1 s; deflection factor, from .5 V/Div. (10
uV/Div, differential input, for CMRR test method 3,
optional.)

4, Time Mark Generator: markersat1 ms,.1s,1 s,and
5s. The TEKTRONIX TG 501 Time Mark Generator is
recommended.

5. Test Op Amp: CMRR 150 dB specified minimum or
120 dB measured; noise level less than 2 uV with 50 Q
source resistance; Tektronix calibration fixture 067-0756-
00 is recommended. See CMRR test method 1 in the
procedure.

Or, CMRR 110 dB specified minimum; noise level less
than 2 uV with 50 Q source resistance; any op amp meeting
or exceeding 114 dB measured, such as the Precision
Monolithic OP-05EJ, may be used. See CMRR test mehtod
2 in the procedure.

6. Two LM301 IC operational amplifiers. One is
supplied as a standard accessory.

7. Resistor Kit (Tektronix Calibration Fixture 067-
0691-00). Same as the calibration resistor kit for the 177.

1-1Q, 3 W, 1/4%
1-10 Q, 3 W, 1/4%
1-100 Q, 1/2 W, 1/4%
2-200 Q, 10 W, 1%
1-1 kQ, 1/4 W, 1/4%

1-10 kQQ, 1/4 W, 1/4%
1-100 kQ, 1/8 W, 1/4%
1-1 MQ, 1/8 W, 1/4%
1-10 MQ, 1/8' W, 1/4%

Order if needed, for the 178, one-100 MQ, 1 W, 1/4%
resistor (Tektronix Calibration Fixture 067-0705-00).

8. Capacitor. 0.22 uF, 50 volts.

9. Other components, for building CMRR test circuit
for method 2:

2-50 kQ, 1/4%
1-40.2 kQ, 1%
2-1.5 kQ, 5%

1-10 kQ potentiometer
2-10-volt zener diodes

10. Extender cable (to permit making adjustments to
the 178 without removing the 577 bottom panel). Tektronix
Part No. 067-0721-00.
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