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SAFETY SUMMARY

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

TERMS
IN THIS MANUAL
CAUTION statements identify conditions or practices that could result in damage to the equipment or other property.
WARNING statements identify conditions or practices that could result in personal injury or loss of life.

AS MARKED ON EQUIPMENT
CAUTION indicates a personal injury hazard not immediately accessible as one reads the marking, or a hazard to property
including the eguipment itself.

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

SYMBOLS
IN THIS MANUAL

@ Static-Sensitive Devices

A This symbol indicates where applicable cautionary or other information is to be found.
AS MARKED ON EQUIPMENT

é DANGER—High voltage.
@ Protective ground {earth) terminal.
& ATTENTION—refer to manual.

WARNINGS
POWER SCURCE

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

USE THE PRCPER POWER CORD
Use only the power cord and connector specified for your product. Use only a power cord that is in good condition,

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor of the power cord. To avoid electrical shock, plug the power cord
into a properly wired receptacte before making connections 1o the product input or ouiput terminals. A protective ground
connection by way of the grounding conductor in the power cord is essential for safe operation. :

iv ADD FEB 1984
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DANGER ARISING FROM {088 OF GROUND
Upon loss of the protective-ground connection, all accessible conductive parts (including knobs and controis that may appear
to be insulating), can render an electric shock.

USE THE PROPER FUSE
To avoid hazard, use only the fuse specified in the parts list for your product, and which is identical in type, voltage rating, and
current rating. :

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES
To avoid expiosion, do not operate this product in an atmosphere of explosive gases unless it has been specifically certified for
such operation.

DO NOT SERVICE ALONE
Do not perform internal service or adjustment of this product unless ancther person capable of rendering first aid and
resuscitation is present.

USE CARE WHEN SERVICING WiTH POWER ON : _
Dangerous voltages exist at several points in this product. To avoid personal injury, do not touch exposed connections and
components while power is on,

Disconnect power before removing protective panels, soldering, or reptacing components.

SiL.ICONE GREASE HANDLING
Handle silicone grease with care. Avoid getting the silicone grease in your eyes. Wash hands thoroughly after using silicone
grease.

ADD FEB 1284 v
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SECTION 1

7511

7811 SPECIFICATION

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

General Information

The 7511 Sampling Unit is a single channel vertical
amplifier plug-in unit designed for operation in Tektronix
7000-Series Oscilloscopes. The 7511 accepts the S-Series
Sampling Heads. The Sampling Head determines the input
characteristics and the availability of a trigger pickoff.

The 5-Series Sampling Head used can be plugged into the
7511 or used remotely on an optional extender cable unit.
The 7511 provides the power for the sampling head.
Interconnections to the sampting head circuits are provided
by the connector in the sampling head compartment of the
7511.

The 7S11 and a 7T11 Sampling Sweep Unit operated in.

the center plug-in compartments of a 7000-Series
osciltoscope provide a single channel sampling system. Two
7811's and one 7T11 provide dual-trace sampling, using the
electronic switching in the oscilloscope vertical amplifier,
X-Y operation is provided by two 75$11's operated in the
center piug-in compartments of the oscilloscope.

If a trigger pickoff is provided in the sampling head,
interconnections between two 7S11s and the 7T11
through the fixed and movablie shoes provide a trigger
selection circuit to trigger the 7T11. An internally
reconstructed signal is provided to trigger a real-time
time-base such as the 7850.

Sampled signals are presented to both the oscilloscope
vertical amplifier and to the front panel connectors for
external use with auxiliary equipment such as pen
recorders.

TABLE 1-1
ELECTRICAL

TABLE 1-1 {cont)

Characteristic

Performance

Characteristic Performance

Deflection Factor

2 to 200 in seven steps in 1, 2, b
sequence. The Units/Division are
those labeled on the sampling head.

Units/Division
Range

@t

Gain Accuracy
{Ratio to add
1o accuracies of
source, oscillo-
scope, attenu-
ators, etc.}

Within 3% when NORMAL/
SMOOTH function is NORMAL,
with GAIN adjusted at any Units/
Division switch setting, Within 6%
when NORMAL/SMOOTH func-
tion is SMOQOTH,

Units/Division
Variable Range

Extends deflection factor from 1
unit/division or less to at least 400
units/division.

GAIN Range

Permits adjustment of deflection
factor at any Units/Division switch
setting for all 7000-series oscillo-
scopes.

DELAY Range

At least 10 ns.

Memory Slash 0.1 division or less at 20 Hz for
ambient temperature of 0°C to less
than 30°C.
DC OFFSET +1 volt to —1 volt or more.?
Range

OFFSET OUT
Range +10 volts to —10 volts or more.
Relation to Actual Offset = {0.1) (Offset Out)

actual Offset

within 2%.

Source resistance
{related to
actual Offset}

10 k&2 within 1%.

VERTical SIGnal
ouT

Ampilitude in
volts

{ Referenced
10 input)

S 200
{Signal input in volts} (m

within 2%. 2.4 volts peak-to-peak
maximum.

Deflection factor
{Referenced
to CRT)

200 mV/displayed division within
3% in +UP or INVERT,

Source resistance

10 k&2 within 0.5%.

lUniness otherwise stated on sampling head front-panel,

1-1



Specification—7811

ENVIRONMENTAL CHARACTERISTICS
Storage-altitude up to 50,000 feet or 15,000 meters and

—BE°C. Operating characteristics are the same .as those
listed in the 7000-series oscitloscope manual,

PHYSICAL CHARACTERISTICS

Dimensions
Height 5 inches {12.7 centimeters)
Widith 3 inches {7.6 centimetears)
Length 14 1/2 inches {37 centimeters)

Approximate dimensions including knobs and connec-
tors,

1-2

Finish Frant panel is anodized aluminum.
Weight
Net About 2 pounds (0.9 kitogram).
Shipping About 3 1/4 pounds {1.46 kilo-
grams).

STANDARD ACCESSORIES

Standard accessories supplied with the 7511 are listed on
the last page of the WMechanical Parts List section. For
optional accessories available for use with this instrument,
see the Tektronix, Inc. catalog.
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SECTION 2
OPERATING INSTRUCTIONS

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

General Information

This section discusses installation, first time operation,
function of front panel controls and connectors, basic oper-
ation and applications of the 7811, If you are unfamiliar
with sampling, it may be helpful to read Section 3, Basic
Tektronix Sampling Principles, before proceeding with this
section.

The 7811 is a single-channel sampling unit for use in a
sampling system consisting of a Tekironix 7704 or 7504
Oscilloscope mainframe, a sampling sweep unit {7T11) or
real-time time-base and a 7511-sampling head combination.
The 7511 accepts an S-series sampling head which deter-
mines the input characteristics of the sampling system and
{except for the Type 5-3 Sampling Head) provides a trigger
pickoff,

The 7511 can be used for real time operation with real-
time time-base units such as the 7B71 or 7B70 with the
7704 Oscilloscape, or the 7B51 or 7B50 with the 7504
Oscilloscope. An internal trigger source from the display
signal is provided for real time operation. Nevertheless, the
maximum useable sweep rate is about .1 ms/div {with a 1
kHz signall, since at higher frequencies the horizontal dot
size increases and the number of dots per division becomes
less than three.

The vertical deflection factors of 2 to 200 are calibrated
to the units labeled on the sampling head. Three-foot and
six-foot sampling head extender cables are available to
operate the S-series sampling heads remotely, Order the
three-foot sampling head extender cabie by Tektronix Part
No. 012-0124-00. Order the six-foot sampling head ex-
tender cable by Tektronix Part No. 012-0125-00. Contact
your local Tektronix Field Engineer or Representative for
price and availability of these optional accessories.

Installing the 7811 in the Oscilloscope

Insert the 7511 into the Right Vertical opening of the
oscilloscope and slide the 7811 completely into the com-
partment. The 7511 will lock into place with the spring
loaded latch knob.

@

insert the sampling head into the 7811 with the latch
knob free to move until completely in the 7811, then push
the latch to lock the head in place. To remove, pull the
latch knob away from the panel, then puli the unit from
the 7511,

The 7711 Sampling Sweep Unit, normally used with the
7511, must be instalied in the A Horizontal opening next to
the 7511 to make connections between the two units
through side connectors {the movable and fixed shoes).

Miating

The 7511 Vertical Qutput Amplifier gain must be
matched to the oscilloscope CRT deflection factor for accu-
rate gain measurements. The GAIN control, a screwdriver
adjustment on the front panel, adjusts the Vertical Qutput
Amplifier gain of the 7S11. Adjustment of this GAIN con-
trob using the Type 284 Pulse Generator as a signal source is
shown under Equivalent Time Sampling Operation which
follows. For further Gain information, refer to the Gain
Adjustment instructions later in this section,

Fig. 2-1. Equivalent time sampling system.

2-1



Operating {nstructions—7511

FIRST-TIME OPERATION

Equivalent-Time Sampling Operation

Equivalent time sampling operation as described here is
provided by a system consisting of the 7504 Oscilloscops,
the 7S11 Sampling Unit, the Type S-1 Sampling Head, and
the 7T11 Sampling Sweep Unit. The system is shown in
Fig. 2-1. Operation of the oscilloscope, sampling head, and
the sampling sweep unit is covered more fully in each in-
strument’s manual. [n this description, a Type 284 Pulse
Generator is used as a sighal source.

Set the Oscilloscope Vertical Mode switch to Right, the
A Trigger Source switch at Right Vert, and the Horizontal
Mode switch to A. Other oscilloscope controls may be in
any desired position.

Set the 75117 controls as foliows:

DELAY Midrange

+UP/INVERT + UP

DC OFFSET and FINE  Midrange

VARIABLE Pushed in
Units/Div 200

DOT RESPONSE Midrange

NORMAL/SMOOTH NORMA}.

Set the 7T11 controls as follows:

Time Position and Fine  Fully clockwise

Slope +
Trig Level Midrange
Stability Fully counterclockwise
Random/Sequential Sequential
Trig Amp X10
Variable Pushed in
Time/Div 1 us
Sweep Range 5us
Int/Ext Int
Scan Midrange
Rep/Man/Ext Input Rep
Type 284
Square Wave Amplitude 1.0V
Period T s
Mode Square Wave Output
Lead Time 75 ns

Connect the Square Wave Quiput signat of the Type 284
through a 5 ns coaxial cable (Tektronix Part No.
017-0512-00) to the input connector of the Sampling Head
installed in the 7511,

2-2

Center the trace on the graticule with the DC OFFSET
control and adjust the Trig Level and Stability controls on
the 7T11 clockwise for & stable disptay. The GAIN adjust-
ment is property set if the amplitude is 5 vertical divisions.
tf the amplitude is not correct, adjust the GAIN control
with a small screwdriver for 6 divisions of vertical deflec
tion,

NOTE

Operating the sampling head without the input con-
nector terminated by a 50 {1 resistor or coaxial cable
will cause a few millivolts vertical shift to the zero
signal baseline. This occurs because of the strobe
kickout signal is reflected from the open input con-
nector. The kickout signal arrives back at the samp-
ling bridge during sampling time, while the bridge is
still conducting. To avoid this baseline shift, connect
the input circuitry, then set the display zero reference
point. Use at least 20 cm of airline between the Type
S-7 input and a fast generator (such as a tunnel diode
pulse generator} or circuit that is sensitive to the fast
Strobe kickout signal.

CONTROLS AND CONNECTORS

A brief description of the function and operation of the
controls and connectors of the 7511 foltows. The control
setup chart, Fig. 2-2, shows the front panel with an S-series
sampling head installed. This figure may be reproduced and
used as a test setup record for special applications or pro-
cedures, or it may be used as a training aid for familiari-
zation with this instrument.

DELAY (10 ns Varies the time position of the ap-

RANGE} plied signal in relation to displayed
signals from other vertical instru-
ments operating in the same main-
frame.

+UP/ANVERT In the +UP button setting, a posi-

tive input signal deflects the CRT
beam upward. In the INVERT push
button setting, the displayed signal
is inverted, a negative signal defiects
the CRT beam upward.
DCOFFSET 1V Applies internal signal offset volt-
age of +1 to —1 volt to the samp-
ling head. The input signal zero
reference (related to the CRT) is
the DC Offset voltage instead of
ground. Permits all portions of a
+1volt input signal to be posi-
tioned through the CRT graticule
area vertically even at a deflection
factor of 2 units per division. Verti-

@



Operating instructions—75%1

TYPE 7511 SAMPLING UNIT SETUP CHART

DELAY
(10ns RANGE)  [“Joup

[T} mvent

VARIABLE (CAL EN}

FINE
DC OFFSET *1v

N

TYPE S-1

mVOLTS/DIV

SAMPLING HEAD T TRIG
QFFSET QUY
X0 KR
VERT $16 04T
RISETIME soa o
E350
JEKTRON?;@ +5V MAX | -Z\"/ﬂ:l";ﬂm
) o
TEKTRONIX ®
7311 SAMPLING UNIT

DATA:

Fig. 2-2. Control Setup Chart.
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Operating instructions—7811

FINE

Units/Div

VARIABLE
{CAL IN}

BOT RESPONSE

GAIN

NORMAL/SMOOTH

2-4

cal deflection total is 16 mV with a
deflection factor of 2 mV/Div, and
1.6 V when the deflection factor is
200 mV/Div. The front panel OFF-
SET jack atlows aceurate slide-back
voltage measurements to be made
of part or all of a signal at 10X the
actual offset voltage applied to the
head.

Provides vernier control of the DC
Offset function. Concentric with
the DC OFFSET %1 V control.

Selects calibrated deflection factor
from 200 units/div to 2 units/div in
a 1-2-5 sequence. The units are se-
lected and named on the adjacent
S-series sampling head. For ex-
ampie, with a Type S-1 Sampling
Head, the Units/Div switch set at
100, each major division of deflec-
tion corresponds to 100 millivolts
of applied signal at the S-1 input
connector when the VARIABLE
control is at the {CAL IN} position.

Provides uncatibrated, variable ver-
tical deflection factor between
tabeled values of the tnits/Div
switch., When the VARIABLE con-
trol is rotated from the counter-
clockwise position, displayed ampli-
tude varies from less than 0.6 to
more than 2.5 times the calibrated
displayed amplitude.

Permits adjustment of loop gain for
optimum dot transient response
when the NORMAL/SMOOTH
switch is in the NORMAL position.

Screwdriver adjustment permits cal-
ibration of the vertical cutput am-
plifier gain {o match the oscilio-
scope CRT deflection factor.

Selects unity loop gain at the NOR-
MAL push button setting. Reduces
the loop gain to 0.3 or less at
SMOCTH push button setting.
NORMAL provides the correct loop
gain required when measuring rise-
time, SMOOTH reduces the effect
of random noise on the display
while requiring high sampling dot
density for the correct displayed
risetime,

INT TRIG Push button selects internal trigger
operation between two 7811's. In-
ternal triggering is canceled when
associated time base in the same
7000-series mainframe is switched
to external triggering. Lights up

when internal triggering is restored,

OFFSET QUT
X10 10k

Unless otherwise specified on the
sampling head front-panel, the open
circuit voltage at this miniature con-
nector is ten times the internal DC
Offset voltage as set by the DC
OFFSET control. The output resist-
ance is 10 k2.

VERT SIG OUT
2 V/DIV 10 k2

A facsimile signal (the same Mem-
ory output signal that drives the
Vertical Amplifier) is available at
this miniature connector, The .2
V/DI1V label applies only when the
VARIABLE control is at its CAL
IN position and is limited to about
2.5 V maximum, {The VARIABLE
control alters the CRT deflection
factor but does not change the sig-
nal amplitude fed to the VERT SIG
QUT miniature connector.) Output
voltage swing is not limited to the
magnitude displayed on the CRT.
Permits a non-sampling type oscillo-
scope to monitor the facsimile sig-
nal. Qutput resistance is 10 k82,

GND Miniature connector provides a con-
venient front-panel ground point.

BASIC OPERATING INFORMATION

Dual Trace

The dual-trace features of the 7504 Oscilloscope Vertical
Mode permits observation of two 7511 displays simultane-
ousty. This is useful for comparing amplitude, risetime,
waveshape, and time relationship of two signals. The sweep
can use either 7511 as the internal trigger source. Be sure to
trigger from the 7511 with the earliest signal event. Use
input signal cables with equal delays to preserve the time
relationship of the two signals.

The DELAY control adds a variable to the time coinci-
dence of the two signals to accommodate small time differ-
ence in cables or sampling heads, so that both signals can be
displayed in the correct time relationship.



Fig. 2-3. Dual trace operation.

Bual-trace sampling operation reqguires two 7511 Samp-
ting Units, a 7T11 Sampling Sweep Unit, and two S-series
sampling heads installed in the 7504 Oscilloscope, As with
single-trace operation, the 7T11 must be installed in the A
Horiz opening adjacent to the 7511 for internal triggering
connections. The second 7311 is installed in the Left Vert
opening. See Fig. 2-3. Set the controls as follows:

7511 Sampling Units

DELAY Midrange

+UP/AINVERT +UP

DC OFFSET and' FINE  Midrange

VARIABLE Pushed in

Units/Div 50

DOT RESPONSE Unity loop gain
(Fig. 2-5}

NOBMAL/SMOOTH NORMAL

7711 Sampling Sweep Unit

Time Position and Fine  Fully ¢lockwise
Stope +
Trig Level and Stability  For triggered display

Random/Sequential Random

Trig Amp X1

Variable Pushed in
Time/Div B us

Sweep Range 50 us

Int/Ext Ext 50 22V MAX
Scan 9 o'clock setting

Rep/Man/Ext Input

Rep

Operating I nstructions—7511

Type 284 Pulse Generator

Mode Puise Qutput
l.ead Time 75 ns

Set the 7504 Oscilloscope Vertical Mode switch to
Chop. Connect the Type 284 Pulse Output signal to the
sampling head input connectors through a power divider
and two 5 ns coaxial cables. Connect the Type 284 Trigger
Output signal to the 7711 Trig Input connector through a
50 §2 coaxial cable and 3 mm to BNC adapter, supplied
with the 7T11.

Adijust the 7T11 Trig Level control for a stable display.
Center both traces on the graticule vertically with the DC
OFFSET controls. This properly triggered dual-trace dis-
play will be similar to Fig. 2-4A.

Time Position. To show DELAY control operation,
change the 7711 Sweep Range switch to b us and the
Time/Div switch 2 ns. Turn the Time Position control
counterclockwise 1o place the rising portion of the pulses
on the graticule. Time difference between the two displays
should be eliminated by adjusting one or both DELAY con-
trols.

Add

The algebraic addition of two signals can be obtained
with the Oscilloscope Vertical Mode switch set in the Add
position. The DELAY control can be used to compensate
for small time differences between dispiays before making
accurate algebraic addition of the two signals, For accurate
algebraic “addition, both sampling heads should be same
type. Use the same display as described under dual-trace
time positioning.

The two signals can be superimposed using the DC OFF-
SET and DELAY controls for most accurate time coinci-
dence setting. Set the Oscilloscope Vertical Mode switch to
Add. The superimposed signals at dual-trace will be similar
to the display of Fig. 2-48,

Push the INVERT switch on one 7511. The. display
shown in Fig. 2-4C is nearly a straight line indicating equal
and opposite signal amplitude. Rotate the DELAY control
of either 7511 and notice that any time difference between
the two displays will appear as a pulse, either positive or
negative depending on the time position relative to the time
coincidence.

Dot Response. The loop gain of the sampling unit is
changed with adjustment of the DOT RESPONSE control
Random process sampling (available with the 7T11} o

25



Operating Instructions—7511

muitiple triggering {with a real-time time-base) are conven-
ient ways to adjust the DOT RESPONSE control to a set-
ting of unity loop gain {each sample responding to the full

C. Superimposed signals, right 7817 inverted in Add mode.

Fig. 2-4. Displays of dual-trace {Chop! and Add operation.

2-6

signal amplitude). 100 miilivolts with the Type 284 Pulse
Output signa! applied to two inputs through the power divi-
der {keeping the same signal connections as above} would
use the Random mode of the 7T11.

Push the +UP switch and the Oscilloscope Vertical Mode
switch Left or Right button. Observe the display as the
DOT RESPONSE control is rotated clockwise and counter-
clockwise. A setting of unity loop gain occurs when the
random dots do not overshoot or undershoot the dispiay,

see Fig. 2-5.

OT RESPONSE
Clockwise
Loop Gain 1

DOT RESPONS
ounterciockwise |
Loop Gain < 1

Fig. 2-8, Loop gain adjustment, triple exposure.

Vertical-Horizontal {(3}.Y)

Two 7511 Sampling Units operated in the center com-
partments {Right Vert and A Horiz) of the 7504 Oscillo-
scope will produce the X-Y display for phase difference
catculations. See Fig. 2-6A. Any time-related signals which
do not exceed sampling head input specifications may be
used at the input connectors.

The 7811 in the Right Vert compartment controls the
vertical deflection and the 7511 in the A Horiz compart-
ment controls horizontal deflection. Set the Oscilloscope
Vertical Mode switch at Right and the Horizontal Mode to
A Horiz. To produce g Lissajous figure, apply a sine wave to
both input connectors through the power divider and 5 ns
coaxial cables, The Type 284 1 ns Sine Wave Output can be
used, Set the Units/Div switches at 10 and VARIABLE
controls for a 8 division display both vertically and horizon-
tatly; the DELAY control of either 7511 can be used to give
a circle display {80° out of phase) oy a diagomal straight line
{07 or 180° out of phase} for setting the 6 divisions, Set the
DELAY control for the diagonal straight line to eliminate
phase difference at the 5 ns coaxial cable inputs,

After these adjustments, the system is ready to show
accurate phase difference displays over a wide range of fre-
quencies. Connect the-signals to the 5 ns coaxial cable in-
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puts. Fig. 2-6C shows a method for calculating the phase
difference between the two signals.

A Installed Sampling Units.

C. Calculation of ¢ method.

Fig, 2-6. X-Y operation.

®i
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Rea! Time Samgpling

; CAUTION

LSNP N S S W S

Never operate the real-time time-base without the
side covers in place because of possible damage to the
mavable shoe contacts or to parts in the time-base
unit.

Real Time Sampling operation uses the three slowest
ranges of the 7111 Sweep Range switch or a real-time time-
base unit such as the 7B50, 7B51, 7B70 or 7B71. The 7511
provides oscitlator controlied Strobe Drive pulses to the
sampling head, independent of the real-time time-base unit.
The repetitive Strobe Drive pulses are turned on when the
7711 Sweep Range switch is at the 508, b, and .5 ms ranges
or when the time-base unit is a real-time time-base unit.
Real time internal triggering is available even when the
sampling head does not contain a trigger pickoff circuit.
Install the 7511 and real-time time-base units in the center
compartments {or the Left Vert and B Horiz) of the oscilio-
scopa,

The 7504 Oscilloscope Catibrator Output of 1 kHz,
Amplitude switch at 0.4 V into 50 {1 may be used as the
signal source. Connect the Calibrator Quiput to the samp-
ting head input connector through & 50 {} coaxial cable and
BNC to GR adapter. Set the Units/Div switch to 100 and
the time-base unit Time/Div switch to .5 ms. Obtain a
stable display with the Level/Slope control or the Trig
Level and Stability controls.

Real time sampling offers DC offset capabilities matched
with good overload recovery, Random noise in the display
can be reduced through smoothing with the DOT RE-
SPONSE control and SMOOTH operation.

NOTE

Type S5 Sampling Head vertical nofse may be re-
duced for real time sampling by lowering the oscil-
lator frequency by adjusting Rep Rate control
{R415). This also will lower the dot density,

Gain Adjustment.

The GAIN control {a front-panel screwdriver adjust
ment} matches the gain of the 7511 vertical output ampli-
fier to the Oscilloscope CRT deflection factor. The gain
should be checked and adjusted each time the 7811 is used
with a different oscitloscope. A 1% difference is possible
between channels.

An accurate voltage source should be used into the input
connector of the sampling head. The sighal source imped-
ance must be considered when it drives the input of a 50 §2
sampling head.

For B0 £ input sampling heads, the Tektronix Type 284
twithin 0.b% at 10 ps and 1 us), the 80 3 Amplitude Cali-
brator within 0.25%, or a precision chopped voltage can be
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7811
DELAY Midrange
+UP/INVERT +UP
DC OFFSET and FINE  Midrange
VARIABLE Pushed in
Units/Div 200
DOT RESPONSE Midrange
NORMAL/SMOOTH NORMAL

7711
Time Posttion and Fine  Fully clockwise
Slope +
Trig Level Triggered display
Stability Triggered display
Random/Sequentiat Sequential
Trig Amp X1
Variable Pushed in
Time/Div 2 us
Sweep Range 50 us
int/Ext Ext
Scan 9 o’clock position
Rep/Man/Ext Input Rep

Type 284

Square Wave Amplitude 1.0V
Period 1 us
Mode Square Wave Output
Lead Time Optionat

used. The Oscilloscope Calibrator output, with an accuracy
within 1%, can be used also,

Using the Type 284. Set the controils as follows using
the Type 284, accuracy withing 0.5% producing 7511
deflection factor better than 3.5%, as the signal source to
check or adjust the GAIN control of the 7811 and 50 §2
sampling head:

Connect the Square Wave Qutput signal from the Type
284 to the sampling head input connector through a coaxial
cable. Connect the Trigger Output signal from the Type
284 to the 7711 Trig Input connector through a coaxial
cable and BNC to 3 mm adapter.

Adjust the 7711 Trig Level control for a stable display.
Center the trace on the graticule with the DC OFFSET
controls and observe the square wave amplitude. If the
amplitude is not 5 vertical divisions, adjust the GAIN con-
trol with a small screwdriver for 5 vertical divisions.

Using Oscilloscope Calibrator, Set the controls as
follows using the Oscilloscope Calibrator as the signal
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711
DELAY Midrange
+UP/INVERT +JP
DC OFFSET and FINE  Midrange
VARIABLE Pushed in
Units/Div 100
DOT RESPONSE Unity loop gain
NORMAL/SMOOCTH NORMAL

T
Time Position and Fine  Fully clockwise
Slope +
Trig Level Triggered display
Stability Triggered display
Random/Sequential Sequential
Trig Amp X1
Variable Pushed in
Time/Div B ms
Sweep Range 50 ms
Int/Ext int
Scan QOptional
Rep/Man/Ext input Rep

7504
Catibrator Volts 4V 04V

into 50 1)

Rate 1 kMHz

source to check or adjust the GAIN control of the 7511
and 50 £ sampling head. The 1 kHz, 0.4,V output has an
accuracy of 1%, producing a 7511 deflection factor
accuracy better than 4%.

Apply the signal from the Oscilloscope Calibrator Volts
output connector to the sampling head input connector
through a BNC coaxial cable and BNC to GR adapter.
Adjust the Trig Level control for a stable display of the
square wave. Set the DOT RESPONSE contro! to unity
loop gain {no overshoot or-undershoot at the leading front
corner),

Center the trace on the graticule with the DC OFFSET
controls and observe the amplitude. If the amplitude is not
4 vertical divisions, adjust the GAIN control with a smaill
screwdriver for 4 vertical divisions.

Vertical Signal Qutput

A composite signal is available at the Vertical Signal Out-
put jack (VERT SIG, OUT). This signal is taken after the
sampling process and is a proportional representation of the
display signal rather than the input signal itself. In real time
sampling, the output signal voltage follows the rate of the
internal real time oscillator. The open circuit voltage at the
jack is 200 millivolts per division of display when the
VARIABLE control is pushed in. The output resistance is

®1



10 k€2, The signal is not affected by the Oscilloscope Verti-
cal Mode switch., The signal is changed by the Units/Div
switch, the DC OFFSET controls, and the NORMAL/
SMOOTH switches. The INVERT switch does not invert
the signat, Output voltage swing is limited to 2.5 volts peak
or about 8 divisions above and below the graticule center
depending on the actual position. The Units/Div switch is
active but the output voltage is always proportional to the
CRT display (0.2 V/Div) up to 12 divisions maximum peak
to peak. Since the signal at the Vertical Output jack is an
equivalent time signal, it is useful for pen recorder applica-
tions when the sampling sweep unit external input is driven
by the recorder,

The OFFSET OUT monitor jack permits accurate
measurement of the DC voltage set by the DC OFFSET
controls. The output voltage has a range of +10 to —10
volts. Unless otherwise specified on the sampling head front
pariel, the monitor jack output voltage is ten times the
internal DC offset voltage. The output resistance is 10 k2.

BASIC APPLICATIONS

Vertical Deflection Measurements

Vertical displacement of the trace on the CRT is directly
proportional to the signal at the sampling head input con-
nector installed in the 7811. The amount of displacement
for a given signal can be selected with the Units/Div switch.
To provide sufficient deflection for best resolution, set the
Units/Div switch so the display spans a large portion of the
graticule. Alse, when measuring between points on the dis-
play, be sure to measure consistently from either the
bottom, middle, or top of the trace. This prevenis the
width of the trace from affecting the measurements.

To make a vertical deflection difference measurement
between two points on the display, proceed as follows:

1. Note the vertical deflection, in graticule divisions,
between the two points on the display. Make sure the
VARIABLE control is in the CAL position.

NOTE

The vertical deflection factor is determined by the
Units/Div switch and the value of the units of
measure as stated on the sampling head front panel,
The ratio of the input signal to the resultant deflec-
tion is called the deflection factor, For example, with
the sampling head unit values stated as mV/Div, and
the Units/Div switch set to 20, the vertical deflection
factor will be 20 mV/division.

2. Multiply the divisions of vertical deflection by the
deflection factor, and the extiernal attenuator or probe

®
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attenuation factor (if any). The product is the voliage
difference between the two points measured.

For example, suppose you measure 4.4 divisions of de-
flection between two points on the display and the Units/
Div switch is set for 20 mV/Div. Muttiply 20 millivolts/
division by 4.4 divisions, the product is 88 millivolts. This is
the voltage difference at the input connector between the
two points on the display. Now assume there is a 10X
external attenuator (probe) between the input connector
and the signal source. To determine the actual signal voltage
at the source, multipty 10 {the attenuation factor of the
probe) by 88 millivolts; this product {880 millivolts or .88
volts) is the actual voltage at the signal source.

It is also possible to measure an instantanecus {or DC)
voltage to ground from the display. This measurement is
accomplished in the same manner, except that with no sig-
nal applied, you must first establish a ground-reference
point on the CRT,

NOTE

To establish the ground reference point be sure the
input connector is either terminated by a 50 ) resis-
tor or coaxial cable connected to the input.

To do this, trigger the sampling sweep unit with the
signal source and display a trace. Then, position the trace so
it is exactly aligned with one of the graticule lines. The
actual graticule line you select will be largely determined by
the polarity and amplitude of the applied signal., After
establishing the ground reference, make no further adjust-
ments with the DC OFFSET control.

Apply the signal and measure the voltage in the manner
previously described, Make all measurements from the
established ground reference point. Accuracy of this meas-
urement is within +3%.

It the applied signal has a relatively high DC level, the
ground-reference point and the actual signal may be so far
apart that neither will appear on the CRT. in this case, refer
to the following discussion on “"Voltage Measurements
Using the DC Offset Control.”

Voltage Measurements Using the DC OFFSET
Control. Unless otherwise stated on the sampling head
front panel, the DC offset voltage cancels the effect of an
applied DC voltage of up fo 1 volf at the sampling head
input. Also, accurate slideback amplitude measurements of
the applied signal can be obtained by positioning the dis-
play at various points and measuring the amount of voltage
change at the OFFSET OUT monitor jack.

29
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Source resistance for the voltage at the OFFSET QUT
monitor jack is 10 k&2; therefore, meter loading may be a
factor if other than an infinite-impedance meter is used.
The accuracy of the DC offset voltage measurement
depends on the accuracy and the loading effect of the meas-
uring device. The following measuring devices are recom-
mended, in order of preference, for monitoring voliage at
the OFFSET jJacks.

{1} Differential, non-loading DC voltmeter accurate within
0.2% or better. This type of device provides absolute
offset voltage measurements accurate within 2%. Meas-
urements of small changes in offset voltage can be
made more accurately than 2%.

{2) Vacuum-tube voltmeter with an input impedance of at
least 10 megohms. Accuracy of the VTVM should be as
high as practical.

{3} Zero-center 1 mA milliammeter with as high an accur-
acy as practical. The milliammeter should be connected
directly between the OFFSET OUT monitor jack and
ground. When using a milliammeter, 1 milliampere is
equivalent 1o 1 volt of the actual offset voltage. The
toading effect is within 2% + the error percentage deter-
mined by: 100 (Rmeter/10000).

Slidehack Measurement Procedure. To measure the volt-
age difference between two points on a waveform {such as
peak or peak-to-peak volts), proceed as follows:

1. 8et the DC OFFSET control to about midrange.

2. Apply the signal to be measured to the sampling head
input. Adjust for a stable display with about 7 divisions of
vertical deflection between the two points of the signal to
be measured.

3. With the DC QFFSET controls, move one of the
points to be measured to the center tine of the graticule and
measure the voltage at the OFFSET OUT monitor jack. Use
one of the measuring devices mentioned previously.

4, With the DC OFFSET control, move the display so
the other point to be measured is aligned with the center-

line of the graticule and again measure the voltage at the
QFFSET OUT monitor jack.

5. Find the difference between the voltage measured in
step 3 and the voltage measured in step 4, and divide by 10,
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The result is the voltage difference, in volts, between the
two points on the waveform. This voltage tolerance is x2%
of the input signal plus the tolerance and loading effect of
the measuring device.

Use of Smoothing

Random process sampiing does not generally permit the
use of smoothing. This process reqguires unity loop gain to
construct a coherent display from the samples taken at ran-
dom. When using random process sampling, operate the
7511 with the NORMAL switch pushed in, and adjust the
DOT RESPONSE control to unity loop gain.

Normal process sampling does permit the use of smooth-
ing. Time and amptitude noise may sometimes be objection-
able when operating at minimum deflection factors or max-
imum sween rates. For Smoothing operate the 7511 with
the SMOOTH switch pushed in.

This will reduce the random noise by about cne half by
decreasing the gain of the sampling feedbhack loop. Fig. 2-7
shows the advantage of using smoothing when observing a
low-amplitude signal.

Dot Density. Normally the risetime of the display wil
not be significantly affected in smoothed operation if the
dot density is sufficient. If, however, the display waveform
shape is affected when the SMOOTH switch is pushed in, a
compromise must be made between smoothing and dot
density. Fig. 2-7C illustrates the effect produced when the
dot density is low with smoothed operation. This effect can
be compared to the high dot density of the same input
signal as shown in Fig. 2-78.

“False’ Displays

Because sampling displays only a fraction of any one
cycle of a repetitive signal, it is sometimes possible to
obtain a false equivalent-time display of the signat. The
incorrect equivalent-time display occurs when the sampling
rate is an exact multiple of the signal rate. Each sample
vertical position represents the correct signal amplitude, but
an incorrect number of samples is taken, causing the false
equivalent-time display.

False equivalent-time displays can be detected by chang-
ing the sampling sweep unit Scan control; i.e., changing the
dot density. Qccasionally such a false equivalent-time dis-
play occurs when the sampling sweep unit triggering circuit
is adjusted to free run, and at the same time the triggering
signal amplitude synchronizes it falsely. Any time the dis-
play equivalent time changes when changing the dot den-
sity, alter the Time/Div switch to obtain a display with an

@



equivalent time that does not change with dot density
change. Usually the sweep rate should be increased (turn
the Time/Div control clockwise}, but some false displays
can be obtained when the signal repetition rate is slower
than can be shown by equivalent-time normal process samp-

C. Smaothed operation, iow dot density.

Operating Instructions—7$11

ling. When that occurs, the display can usually be corrected
by changing to real-time sampling. Fig. 2-8 gives an example
of a false and a correct display for two sweep rates when
the signal is a B00 MHz sine wave.

Time Domain Reflectometry (TDR}

The 7511 with the Type 5-1 Sampling Head can be used
for Time Domain Reflectometry displays. TDR using the
Type 284 Pulse Generator is described in the Type 284
Instruction Manual. Very fast displays, and special TDR
analysis of small reactances is possible with the Type 54
and the Type $-50. See the Type 152 instruction Manual
for information about such fast displays.

Pen Recorder Operation

The signal available at the Vert Sig Qut jack provides a
convenient source for driving the Y axis of a pen recorder,
tt is common practice to manually scan the CRT {(with the

B. Correct dispiay,

Fig. 2-7. Use of NORMAL/SMOOTH switch in sequential process
sampling for decreasing display noise when viewing a low amplitude
signai.

@

Fig. 2.8, Typical false and correct displays using a 500 MHz signal
input,
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sampling sweep plug-in controls) while driving the time axis
of the recorder with the sweep output voltage. Another
method for pen recording is to couple the scanning voltage
of the recorder to the external sweep input connector of
the sweep unit. Be sure the sweep voltage from the recorder
agress with the limits of the input to the sampling sweep
plug-in. The source resistance of the output jeck is 10 kQ.
This impedance must be considered in the calibration of
some types of pen recorder amplifiers.

Use of a Sampling Head Extender Cable

Two different sampling head extender cables are avail-
able for operating one or both sampling heads outside the
7511. One is three feet long {Tektronix Part No.
012-0124-00}, and the other six feet long (Tektronix Part
No. 012-0125-00). Contact your Tektronix Field Engineer
or Representative for price and availability information.

Sampling heads can be operated on either length ex-
tender cable without compromising system step function
response. Loop gain adjustment range may be lost with long
extender cables so special calibration of the 7$11 foop gain
and memory gate width conirols is necessary. See Section
6. Also, the extender cable signal delay must be considered
in allowing proper pretrigger leadtime for normal process
sampling. As compared to operating the sampling head in-
side the 7511 use of a three foot cable adds about 5 ns to
the required pretrigger leadtime; use of the six foot ex-
tender cable adds about 10 ns, To illustrate the above,
assume the following conditions: 7T11 Sequential opera-
tion; Type S-1 or 82 Sampling Head on 3-foot extender
cable from the 7811, and external trigger 50 £ coupling
coaxial cable with B ns signal delay. With these conditions,
minimum trigger ieadtime for a fast step display is 73 ns.

The time coincidence of two 7511 displays is maintained
when one sampling head is installed and the other is on a
six foot extender cable by usinga DELAY control.

The first time a sampling head is operated on an ex-
tender cable, its Bridge Bal control may need adjustment,
particularly if DC Offset measurements are to be made
accurately referenced to ground. The sampling head instruc-
tion manual describes Bridge Bal adjustments. Readjust-
ment of the control may be required when the sampling
head is again installed directly into the 7811.

Input Connectors

The type of sampling head installed in the 7511 deter-
mines the input impedance. Type S-1 and S-2 sampling
heads are both 50 £ input. 50 £2 coaxial cables may be
used for applying input signals with minimum signal loss or
distortion.
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NOTE

Operating the sampling head without the input con-
nector terminated by the 50 §1 resistor or coaxial
cable will cause a vertical shift of the zero signal base-
fine by a few miflivolts. This is because the strobe
kickout signal is reflected from the open input con-
nector. It arrives back at the sampling bridge during
sampling time, while the bridge is still conducting. Set
the display zero reference point with the input circuit
connected, not before connecting it. Also use at least
a 20 cm airline between the sampling head input and
a fast generator or circuit that is sensitive to the fast
strobe kickout signal.

When connecting a signal to the input, many factors
must be taken into consideration, including loading of the
source, losses in coaxial cables, time delay, AC or DC coup-
fing, attenuation of large signals and matching impedances
at high frequencies.

Coaxial Cables

Signal cables that connect the vertical signal from the
source to a 50 £} input connector should have a character-
istic impedance of b0 ochms. Impedance other than 50 ohms
will cause reflections that may make it difficult to interpret
the display. High-quality low-loss coaxial cables should be
used, especially with high speed sampling heads such as
Type 5-2 and Type S-4, to ensure that all the information
obtained at the source will be delivered to the input. if it is
necessary to use cables with characteristic impedance other
than B0 ohms, suitable impedance-matching devices will aid
in obhtaining meaningful displays.

The characteristic impedance, velocity of propagation
and nature of signal losses in a coaxial cable are determined
by the physical and electrical characteristics of the cable.
Common coaxial cables, such as RG-213/U, have losses
caused by energy dissipation in the dielectric proportionat
to the signal frequency. Some smatl diameter cables {1/8
inch} fose much of the high-frequency information of a
fast-rise pulse in a very few feet of cable, while the 3 mm is
excellent for low losses.

Losses of high frequency information can be shown with
a fast rise pulse generator and sampling system. Using a
B-ns-deiay RG-58A/U coaxial cable as a connecting cable, a
display similar to Fig, 2-.9A can be shown, Adding an addi-
tional 10 ns-delay RG-58A/U coaxial cable in the signal
path results in a display similar to that of Fig. 2-9B. By
using larger diameter, higher quality cable such as
RG-213/U {or 3 mm]} in the same system, less loss is shown
with the same length of connecting cable. Tektronix 7M11%
Duat Delay-Line is high guality, low loss cable with dual 50
§2, 75 ns delay lines,



Attenuating the Input Signal

The maximum signal amplitude that should be applied
1o the input connector of the sampling head will depend
upon the sampling head instatled in the 7511, To attenuate
the signals to B0 {2 input sampling heads, use an attenuator
probe and/or external coaxial attenuators. The attenuators
must have good frequency response heyond the frequency
response of the sampling head to avoid reducing system
performance. High quality coaxial attenuators are available
through your Tekironix Field Gffice or Representative with
attenuation factors such as 10X, BX and 2X. When the
atienuators are stacked, their attenuation factors multiply;
j.e., two 10X attenuators produce 100X attenuation. The
50 £ attenuators must be matched to 50 £ input and
autput impedances to provide their stated attenuation fac-
tor.

A, 5 ns delay cable.

B. 15 ns delay cable.

Fig. 2-9. Coaxial cables in a fast-rise system.
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To divide a signal into two equal parts, and maintain a
good BO £ impedance match, use a power divider such as
GR 874 TPD Tektronix Part No. 017-0082-00. The loss
between any two of the power divider connectors is 6 dB
{half voltage) when each connector has a 80 £ circuit con-
nected,

Passive Probes. The Tektronix P6056 10X Probe and
the P6BO57 100X Probe are moderate-resistance passive
probes designed for use with 50-ohm systems. They are
small in size permitting measurements to be made in min-
iaturized circuitry. Characteristic data is given in the probe
instruction manuals.

The P6056 10X Probe piaces 500 chms resistance and
less than 0.8 pF capacitance in paratiel with the signal
source at low frequencies. The probe bandwidth is BC 1o
approximately 3.5 GHz, and risetime is 100 picoseconds of
fess {10% or 90%). At 1 GHz the input resistance is about
300 ohms and the capacitive reactance is about 400 ohms.

The PBO5S7 100X Probe places 5 ki resistance and less
than 0.7 pF capacitance in paraliet with the signal source at
low frequencies. Bandwidth of the probe is DC to approxi-
mately 1.4 GHz, and risetime is 200 picoseconds or less
{(10% to 90%). At 1 GHz the input resistance is about 2 k@
and the capacitive reactance is about 450 ohms.

Builtin Probes. Another satisfactory method of coup-
ling fractional nanosecond signals from within a circuit is to
design the circuit with a built-in 50-ohm output terminal.
With this built-in probe, the cireuit can be monitored with-
out being disturbed. When the circuit is not being tested, a
50.chm terminating resistor can be substituted for the test
eable. M it is not convenient to build in a permanent
50-ohm test point, an external coupling circuit, which may
be considered a probe, can be attached to the circuit.

Several factors must be considered when constructing
such a built-in signal probe. A probe is designed to transfer
energy from a source to a load, with controlled fidelity and
attenuation. Both internal and external characteristics
affect its operation. It must be able to carry a given energy
tevel, be mechanically adaptable to the measured cireuit,
and be equally responsive to all frequencies within the
limits of the system. The probe must not load the circuit
significantly or the display may not present a true repre-
sentation of the circuit operation. Loading may even dis-
rupt the operation of the circuit, When it is necessary to
AC-couple the probe, the capacitor shouid be placed
between the series atienuator resistance and the 50-ohm
probe cable to minimize differences between the input
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Ry X Z,
{A} R 50 e
* > [RL + zo]

(B} Re 4 50 o Ry

AAA >—»
ZD

Fig. 2.10. Built-in probes for coupling to a test circuit, {A} Paraliel
method; (B} series method; {C) reverse-terminated paraliel method.
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characteristics with and without the capacitor. In  *
environment, stray capacitance to ground has asho ..
more uniform time constant than i the capacitor ver.
placed at the signal source where the impedance is usu ™
higher and sometimes of unknown value,

Fig. 2-10A shows the parallel method of coupling to o
circuit under test. Resistor Rg is connected in series with
the BO-ohm input cable to the sampling unit, placing Rg +
50 chms across the impedance in the circuit. This method
usually requires the use of an amplitude correction factor.
In order to avoid overloading the circuit, the total resist-
ance of Rg + 50 ohms should not be less than 5 times the
impedance of the device (R in parallel with Zg) requiring
a 20% correction. The physical position of Rg will affect
the fidelity of the coupling.

Fig. 2-10B shows the series method of coupling to a
cireuit. Resistor Rg plus the 50 chm Sampling Head input
resistance replaces the impedance of the circuit under test.
If Ry is B0 ohms, simply substitute the 50-o0hm test cabie
without Rg. It is best to locate Rg in the original position of
Ry and to ground the coaxial cable where Rp was
grounded,

A variation of the parallel method is the reverse-
terminated network shown in Fig. 2-10C. This system may
be used across any impedance up to about 200 ohms. At
higher source impedances, circuit loading would require
more than 20% correction, The two 100-ohm resistors
across the cable input serve to reverse-ferminate any small
reflections due to connectors, attenuators, etc. The series
capacitor, which is optional, blocks any DC component and
protects the resistors.
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Change information, if any, affecting this section will be found at the rear of the manual,

Introduction

This section provides a basic functional description of
the vertical channels of sampling oscilloscopes. A discussion
of equivatent-time sampling process is included. Operating
instructions, including first time operation, are given in
Section 2.

BASIC SAMPLING TECHNIQUES

The current state of the electronic art does not permit
direct cathode-ray tube display of fractional-nanosecond
risetime low-level signais, Risetimas in the order of G.35 ns
can be displayed on a CRT if the signal is at least several
volts in amplitude.

An inherent limitation in linear amplifiers is the compro-
mise necessary between bandpass and gain. A high gain
amplifier is a low bhandpass amplifier; and conversely, wide-
band amptlifiers are necessarily low gain amplifiers. For any
particular configuration, gain times bandpass is nearly &
constant, so anything done to increase the gain will propor-
tionately reduce the bandpass and vice versa. The gain-
bandpass product limitation of linear amplifiers restricts the
display of millivolt signais on a CRT to the 50 to 200 MH=z
region.

The sampling technigue permits the quantitative display
{on a CRT) of a facsimite of fractional-nangsecond rise-time
low-level signals. In sampling, many cycles of an input sig-
nal are transiated into one cycle of low-frequency informa-
tion. The change takes place at the input of the sampling
bridge or traveling wave sampling gate. Since only the samp-
ling bridge is subjected to the input signal high frequencies,
and all the ampiification takes place at relatively low fre-
guencies, the performance of a sampling system is not de-
pendent on the gain-bandpass limitations of conventional
amplifiers.

However, the sampling technigue introduces some Hmi-
tations of its own. The sampling process being described is
restricted to repetitive signals of low amplitude (typicatly 1
or 2 volts peak to peak), from low impedance sources, For-
tunately, most fractional-nanosecond risetime signals exist
in low impedance environments and are generalty low
amplitude. Piping the signal from the circuit under test to
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the input of the sampling oscilloscope vertical channel re-
quires a more sophisticated technique than lower bandpass
systems. In spite of its limitations, sampling can measure
fast signais that otherwise defy observation.

A sampling system looks at the instantaneous amplitude
of a signal during a specific small time period, remembers
the amplitude, and displays a single dot on the CRT corre-
sponding to the amplitude. After a dot is displayed for a
fixed amount of time, the system again looks at the instan-
taneous amplitude of a different eycle of the input signal.
Each sucessive fook, or sample, is at a slightly later time in
relation to a fixed point of each signal cycle. Each sample is
displayed as a spot on the CRT. Generally, the vertical
position of the dot represents the equivalent time when the
sample was taken. After many cycles of the input signal,
the sampling system has reconstructed and displayed a
single facsimile made up of many samples, each sample
taken from a different cycle of the input signal.

Fig. 3-1 illustrates the equivalent time reconstruction of
a repetitive square wave, The CRT display is a series of dots
rather than the conventional oscilloscope continuous pres-
entation. In the illustration, a series of samples is taken of
the input signal. After each sample, when memory has been
established and stabitized, the CRT is unblanked and a dot
appears. A large number of such dots form the display.

The number of dots per horizontal unit of display is
called dot density. The dot density of a display is con-
trolled by the operator to provide the best compromise
hetween resolution and repetition rate of the display. Since
only one sample is taken from any particular input cycle,
the time required to reconstruct a display is a function of
the dot density selected and the repetition rate of the sig-
nal. The higher the dot density selected {for higher resolu-
tion}, the longer the time required to construct the equiva-
lent time display. The higher the repetition rate of the
signal, the less time required to reconstruct the waveform
{limited by a maximum repetition rate of the system]}.

Sampling requires repetitive input signals, though not
necessarily signats with constant repetition rate. The equiva-
fent time between dots is determined by the time delay
between the fixed point on the signal at which triggering
occurs, and the point at which the sample is taken. Since
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Fig. 3-1. Equivalent time display of repetitive real time signal by means of the sampling techniques.

both time reference {triggering-time and sample-time) are
taken from the same- cycle of the signal, the signal repeti-
tions do not have to be identical in amplitude, time dura-
tion, and shape. Any differences in the individual cycles
show as noise or jitter in the reconstructed display.

Sampling systems have maximum signal repetition rates
at which samples can be taken and accurately displayed.
The primary limit is the time required for the preamp and
the AC amplifier to stabilize after a sampie has been taken.

Signals below 100 kHz may have considerable repetition
rate jitter and still the sampling oscilloscope will present a
sample of each cycle, without display jitter. For signals
with a repetition rate higher than 100 kHz, the timing unit

holds off retriggering for a maximum of about 10 us. This
means that a sample will not be taken from every cycle of a
high repetition rate signal. Only those cycles are sampied
which occur after the end of the holdoff. If the signal is
truly repetitive and each cycle is identical, these “missed”
cycles are of little significance.

The circuits in the vertical channel of a Tekironix samp-
ting oscilloscope comprise an error-sampled feedback sys-
tem with ratchet memory. The memory output is not reset
to zero after displaying a dot. The memory output remains
at the displayed amplitude of each dot in sueccassion until it
is corrected by the next sample. The amplitude difference
between the two samples is then the error between the
memory output and the new sampled amplitude.

Gain 10 o
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Sunfgling - . To CRT
Bridge Vartical
]
1
A
$ g
t
L
7
f77
B FEEDBACK
Fig. 3-2. Simplified block diagram of an errorsampled feadback system with a ratchet memory.



Fig. 3-2 shows a simplified block diagram of an error-
sampled feedback system with ratchet memory. The output
signal from the sampling bridge is the difference, or ervor,
between the instantsneous amplitude of the signal at
sample time and the previously memorized amplitude. A
change is made to the memory output only when the
instantaneous amplitude of the signal at sample time is
different from the memory output. The memory output
“ratchets” up or down at sample time as a result of the
error signal sampled. The transition of memory from one
output voltage to another occurs between displayed dots,
and is therefore not seen on the CRT.

The errorsampled ratchet-memory technique has the
advantage of allowing displayed noise to be “smoothed”.
Smoothing is discussed later in this section. The error-
sampled approach also minimizes signal kickout inte the
input cable by the sampling bridge interrogate pulse (here-
after called *‘strobe” pulse}. Since the sample is always the
difference between the signal and the memory output, the

Basic Sampling Principles—7811

grror-signal and kickout are much smaller in amplitude than
they would be if the memory output reverted to zero and
the entire signal was sampled after each dot.

The output from the sampling bridge at sampling time is
about 2% of the difference between the signal voltage and
the memory output, The 2% signal is the input to the first
amplifier. The output of the amplifier is AC-coupled to 8
memory gate. The memory gate couples the signal to the
mermory amplifier during the time it is gated on. The
memaory amplifier changes the memory feaedback voltage to
equal the signal voitage at the instant of sampling. These
changes in memory output occur while the CRT is blanked,
and do not show up in the display. The memory output
does not revert to zero, but remains at a fixed voltage until
corrected by the next error signal. {The signal to the ampli-
fier of a typical sampling system is only about 2% of the
error signat sampled by the bridge. The percentage of re-
sponse, or attenuation through the sampling bridge, is the
sampling efficiency).
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Fig. 3-3. Simplified representation of an srrorsampled ratchet-memory waveform.
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Fig. 3-4. Sirnplified diagram, showing how the strobe pulse causes the sampling bridge to conduect,

At each sample time, the difference between the
memory feedback and the 2% signal value is amplified and
applied to the memory circuit via the memory gate, 1o
cause the memory output to follow & rising signal in a
series of steps as shown in Fig. 3-3. This figure shows the
input signal and memory feedback voltages for six samples
along the rise of a step waveform.

At the time of sample 1, the input signal and the feed-
back voltage are equal. There is no error voltage, so the
memory output is not changed, The CRT is blanked untit
the circuit stabilizes after the memory gate pulse ends.

At the time of sample 2, the input signal is {for example}
0.1 volt. The memory cutput is 0. Assuming a sampling
efficiency of 10%, the input of the amplifier receives 10% of
the error signal, or 0.01 volt. The 0.01 volt, times the gain
of the amplifier (X710}, corrects the memory output and
feedback to eaual the 0.1 volt signal at sample time. Again,
the CRT is blanked during this change until the circuit is
stabilized.
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At the time of sample 3, the difference between the
input signal and the feedback is 0.35 volt. The amptifier
input responds to 10% of 0.035 voit. The gain of the ampli-
fier and memory changes the feedback 0.35 voit to the new
valug of 0.45 volt (equal to the signat at number three
sampling time). The CRT is again blanked during this
change until the circuit is stabilized,.

Effective Sampling Time

The minimum risetime a sampling system can display is
controlled by the time interval during which the strobe
pulse applies forward bias to the sampling bridge diodes.
The duration of the bridge forward bias is controlled by the
time the strobe pulse exceeds a fixed reverse bias. Special
circuitry is used to make the strobe duration as shori as
possible consistent with noise and diode recovery time. The
strobe pulse is generated by a snap-off diocde and a short
section of shorted transmission line called a clipping line.
The effective bridge conduction time is adjusted primarily
by controlling the amplitude and duration of the strobe
pulse, thus contrclling the time during which the strobe

@
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Fig. 3-5. Errorsignal source and path to Preamp shown by dotted
lines. DIEL denotes dielectric other than air.

pulse exceeds the reverse bias. Adjusting the reverse biasisa
secondary means of controlling the sampling bridge conduc-
tion time. Fig. 3-4 shows how the strobe pulse breaks
through the reverse bias on the sampling bridge. The reverse
bias is shown by dashed lines through the strobe pulses.

Traveling Wave Sampling Gate

The sampling system may use a traveling wave gate
instead of the sampling bridge as the input stage. Fig. 3-b
shows a simpiified schematic of the traveling wave sampling
gate. The input signal is conrnacted to the Preamplifier only
during the time a sample is taken. The six diodes form the
traveling wave gate.

Step response is determined by the travel time of the
strobe drive puise end through part of the sampling gate. In
a sampling bridge, the step response is determined by the
strobe pulse width.

Part of the input signal is stored temporarily between
sampling gate diodes at the strobe pulse end; then it is fed
to the Preamplifier at a slower rate than the step response
risetime. The environment is controlled in the input and
traveling wave sampling gate to minimize reflections of fast
pulse signals. The environment of following circuitry passes
only moderate rate-of-rise signals.

®
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Dot Response {Loop Gain)

Dot response is the abitity of the system to reduce the
error voltage to zero after each sample. When the gain of
the memory feedback loop is equal to (and compensates
for) the attenuation across the sampling bridge, the loop
gain is unity or 1. In this case, the memory feedback volt-
age equais the value of sampling time signal voltage.

Hf the loop gain is less than unity, the memory output
signal and feedback to the first amplifier is less than neces-
sary to reduce the error voltage to zero. The memory out-
put and the feedback will then approach the signal asymp-
totically after several samples have been taken. The error
voltage thus approaches zero (for a steady state signal} after
several samples, being reduced by the same factor after each
sample. In the case of a loop gain of less than unity, the
feedback voltage is effectively a moving average of several
preceding samples.

If the loop gain is greater than unity, the feedback volt-
age will be greater than the error signal after each sample.
The displayed dot sequence of a step signal will then alter-
nately overshoot and undershoot for a few samples.

For least displayed waveform distortion, the loop gain
must be unity, allowing the system to track the input signal
as closely as possibie.

Smoothing

A toop gain of less than unity can be useful, if the result-
ing compromise is understood and the system is operated
properly. Random noise in the display is reduced when
loop gain is less than unity, since several consecutive
samples are averaged. The averaging may also slow down
the fastest display risetime capability, depending upon the
number of dots contained in the step transition and or the
loop gain. By increasing the number of dots in a step transi-
tion, the display will follow the actual step transition more
closely,

Fig. 3-6 shows the usual effects on a step display when
smoothing is used for two different sampling densities
{sampling density or dot density is the number of samples
or dots per horizontal division}. In the 7511 the operational
choice of loop gain is either 1.0 (NORMAL) or 0.3
(SMOQTH). In Fig. 3-BA the actual risetime (between the
10% and 90% points} for unity loop gain displays 4 dots.
When operating at 0.3 loop gain, 7 dots are shown. There is
a significant difference betwesn the 0.3 loop gain
{(SMOOTH!} and the unity loop gain (NORMAL)} displays.

In Fig. 3-6B the sampling density is increased, showing a
difference of one sampie in the SMOOTH and NORMAL
positions between the 10% and 90% points of the step tran-
sition.
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Fig. 3-6. Equivalent-time display with and without smoothing for two different sampling densities.

When the smoothed mode has a loop gain of 0.3, as in
the 7511, 15 or more samples between the 10% and 80%
points of a risetime will result in the smoothed and un-
smoothed displays having essentially the same risetime.
When the smoothed display contains 12 samples between
the 10% and 90% point, the smoothed risetime will be
about 6% longer than for the unsmoothed display. As the
number of samples contained in the risetime is reduced
below 12, the difference between smoothed and un-
smoothed display increases rapidly.

Smoothing Of Random Noise

When the loop gain is reduced to 0.3, the displayed dots
represent the average of several consecutive samples. Noise
of a random nature wiil be materially reduced in the display
at the possible expense of introducing an error in the dis-
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played risetime, Therefore, if random noise is apparent, re-
ducing the loop gain may improve the display. Note that
this*is only_ true for random noise. Systematic noise {noise
with its repetition rate harmonically related to the signal) is
treatad as part of the signal.

The 7511 has a loop gain control labeled NORMAL-
SMOOTH. In the SMOQTH mode, loop gain is reduced to
0.3. Always check that there is sufficient sampling density
to warrant smoothing. This can be done by changing the
dots/division, [or samples/division) 'control on the timing
unit, and observing the effect of sampling density on the
displayed risetime.

Smoothing cannot be applied where the full amplitude
of each sample is required. When using the random samp-
ling sweep unit like the 7711, each sample reguires unity

@




loop gain. The display dots are not presented in time se-
guence, and therefore cannot be averaged.

Tangentiat Noise

Traditionally the amplitude of random noise in an ampli-
fier is qualified by stating the equivalent RMS value of the
noise referred to the input of the amplifier. In the case of a
CRT sampiing display, qualifying the noise amplitude by
stating its RMS value is somewhat unsatisfactory. The
visible effect of the random noise is more nearly 3 times the
RMS value of the noise. Peak-to-peak limits of truly ran-
dom noise would have to be stated as — infinity to + infin-
ity. Obviously these broad limits would reveal nothing
about the amount of significant noise to expect in a dis-
play. !t has been determined empirically that 90% of the
dispersion caused by random noise closely approximates
the visible widening of the trace. The noise can be described
as existing between two horizontal tangents representing
the significant upper and lower iimits of the frace width.
Mence, the term TANGENTIAL NOISE. Tangential noise is
defined as an equivalent peak-to-peak voltage at the input
of a sampling system that will cause the same trace widen-
ing as 90% of the random noise. 5% of the dots can be
expected to fall above the trace width and 5% below it
This method of stating the noise figure of a sampling sys-
tem is considered to be more meaningful than the RMS
value, in that it more closely approximates the actual
observed trace widening, Measurement of tangential noise is
described in the Sampling Head instruction manual.

Display Sensitivity—Deflection Factor

The two terms “‘display sensitivity” and “defiection fac-
tor” are often mistakenly interchanged. Deflection factor is
defined as the ratio of the input signal amplitude to the
resultant displacement of the indicating spot. When the
oscilloscope vertical gain control is calibrated in valts per
division, it is indicating deflection factor. Deflection sensi-
tivity is the reciprocal of deflection factor. Sensitivity is
indicated by a vertical gain control calibrated in divisions
per volt.

There is always some point within the oscilloscope verti-
cal amplifier after which the signal remains at a fixed de-
flection factor. The signal out of the vertical memory
amplifier of a sampling oscilloscope is usually the first point
at which the standard vertical deflection signal exists. Thus,
the memory and feedback voltages previously mentioned
always deflect the CRT spot vertically with & fixed deflec-
tion factor.

Fig. 3-7A shows a simplified block diagram of a sampling
bridge and amplifier combination where the gain of the
amplifier just compensates for the attenuation of the samp-
ling bridge. In Fig. 3-7B the amplifier has twice as much
gain as is necessary to compensate for the low sampling
efficiency. By introducing a 2:1 atienuator in the feedback

@&
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path between the memory oulput and the bridge output,
the dot response is still maintained at unity. Now, only half
as much input sighal produces the same memory output as
in Fig. 3-7A.

Fig. 3-7 shows two fixed attenuators in each example.
The usual method of changing amplifier and memory gain
in a sampling unit is to attenuate the signal through {or to)
it. The attenuator in series with the amplifier and memory
is calied the forward attenuator, in conirast to the feedback
attenuator.

The attenuators in Fig. 3-7 and Fig. 3-8 show that both

"the “forward gain” and the ‘‘feedback attenuator™ are

altered when changing a sampling system vertical deflection
factor.

The systern deflection factor can be altered two ways!
{1} by changing both the forward and the feedback attenu-
ation and thereby maintaining the same loop gain, and (2)
by ehanging only the feedback attenuation, at the expense
of varying the loop gain, If loop gain is not greater than
unity, and many samples are included in a signal transition,
the memory feedback to the ssmpling bridge always
approaches the signal amplitude regardless of the forward
attenuator attenuation ratio.

Since foop gain is determined by the combined forward
and feedback attenuation ratios, the dot response can be
attered without altering the deflection factor by changing
the forward attenuation only. Increasing the forward atten-
uation ratio {decreasing the amplifier and memory gain)
“smooths’ the display by making the loop gain less than
unity.

DC Offset

Since the sampling bridge can be operated over a range
of +2 to —2 volts of input signal, and the system has resolu-
tion capability of 2 mV/div, it is advantageous to be able 1o
display a small vertical “window” of the input signal. Fig.
3-8 shows the method of adding a DC offset voltage to the
memory feedback. The error signal produced at sampling
time is no longer referenced to ground. Instead, it is refer-
enced to the DC offset voltage.

A DC Offset voltage is recognized as a signal by the
sampling bridge, which adds it algebraically to the error
signal. Therefore, the memory feedback signal in & system
with DC Offset includes a DC value to cancel the DC Offset
voltage at the output side of the sampling bridge. The de-
fiection factor of a system with DC Offset is centered
around the DC Offset voitage instead of ground. This per-
mits portions of the signal {other than ground) to be posi-
tioned to the CRT center, without altering the deflection
factor.
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Fig. 3-7. Method of decreasing the vertical deflection factor while maintaining unity loop gain.

Real-Time Sampling

Real-time sampling is a method of operation in which
the samples are taken at a constant rate from relatively low
frequency signals {DC to 20 kHz approximately) and dis-
played at a sweep rate determined by the Time/Div switch
on the time-base unit. Thus, the samples are taken continu-
ously along the input signal rather than taking one sample
from each cycle of the signal. The displayed series of dots
foltows the actual shape of the input signal waveform.

In real-time sampling operation, the vertical signal pro-
vides the trigger to start the sweep. The display, however, is
composed of samples at a fixed rvepetition rate, not neces-
sarily related to the input frequency.
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Sweep Rates

The range of sweep rates available for use in real-time
sampling is from the slowest rate provided by the real-time
sweep unit to about 0.1 ms/div. At this sweep rate, the
usual BO kHz sampling rate provides about 100 samples/
sweep. At faster sweep rates above 0.1 ms/div, the display
dots begin to have significant horizontal dimension due to
their duration in real time, and interpretation pf the display
becomes difficult.

The characteristics of real-time sampting, in addition to
slow sweeps at full bandwidth, are reduction of random
noise in the display through smoothing, and DC offset capa-
bility matched with good overload recovery.
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Change information, if any, affecting this section will be found at the rear of the manual.

introduction

This section of the manual contains a block diagram
description and a circuit description of the 7511 Sampling
Unit. The block diagram description is an expansion of
Section 3, Basic Sampling Principles. The circuit description
follows the sequence of diagrams at the back of this
manual.

BLOCK DIAGRAM

Refer to Fig. 4-1 and the complete block diagram at the
back of the manual during the following description. Both
Fig. 4-1 and the complete block diagram include a simpli-
fied block of a typical sampling head, The 7511 Sampling
Unit functions as part of a sampling system only when a
sampling head is installed, so a sampling head block is in-
cluded.

Feedback Loop and Pulse Amplifier Chain

Fig. 4-1 relates to Fig. 3-4 and Fig. 3-8. The recon-
structed signal out of the Memory block {Fig. 4-1} is the
first point in the 7511 at which the amplitude is always a
standard value of G.5 volt per CRT vertical division. There
is no signal between the sampling head output and the
Memory input when the sampling head input signal is not
changing. The Post Amplifier, AC Amplifier and Memory
are part of a pulse amplifier chain that amplifies the samp-
ting head output signal just after each sample is taken. Sig-
nals through the amplifier chain are greatest in amplitude
when the sampled signal is at its full amplitude difference
from the last sample. This is called the error signal.

To complete the association of Fig. 4-1 with Section 3,
the following describes the operating cycle:

a. The sampling head bridge applies an error signal to the
head preamp whenever there is a voltage difference at the
bridge input and output terminals at sampling time. The
error-signal voltage amplitude is just a few per cent of the
difference {sampling efficiency), and the pulse duration out
of the bridge is equal 1o the bridge conduction time. A
small storage capacitance at the head Preamp input time-
stretches the pulse so the pulse chain can amplify the error
signal pulses at moderate rates of rise.

®

b. The time-stretched puise is amplified by the 7511
Post Amplifier and sent forward into the attenuating net-
work made up the NORMAL/SMOOTH switch, the DOT
RESPONSE control and the Forward Attenuator portion of
the Units/Div switch.

c. The AC Amplifier again amplifies the pulse and
applies it to the Memory circuit during conduction time of
the Memory Gate. In effect, the error signal charge applied
to the head Preamp is then transferred to the feedback
capacitor of the Memory circuit.

d. The Memory circuit applies its error signal corrected
output voltage to both the vertical amplifier and the feed-
back attenuator and sampling head bridge output terminal.
Control of the input deflection factor by the Forward and
Feedback Attenuators is described near the end of Section
3. The DOT RESPONSE controi is also described in Section
3.

Vertical Quiput Amplifier

The INVERT/+UP switch and the Vertical Qutput Am-
plifier drive the oscilloscope vertical amplifier stage.

Sweep Unit Drive

Drive from the timing unit is applied to the sampling
head avalanche and snap-off and the Memory Gate Priver.
The timing unit controls the free running oscillator used in
the 7811.

Sampiing Operation. The 7511 is a single-channel samp-
ling unit when used with a 7T11 or other sampling sweep
unit in a 7000-series oscilloscope.

For dual-channel operatipn, another 7511 must be
installed in the adjacent vertical compartment of the
oscilloscope. Interconnection between the two 7511's and
the sampling sweep unit are made by connecting-shoes on
the plug-ins. These interconnections combine the Trigger
Logic circuits of the two 7511's into a bistable multivi-
brator, and complete the other connections necessary to
provide amplification of internally-generated triggers. For
external trigger operation, the sampling sweep Internal
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Fig. 4-1. The 7511 and sampling head feedback lecop block diagram.
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Mode trigger amplifiers and the bistable multivibrator are
disabled.

MNon-Sampling Operation. When the 7511 is used for
dual-channe!l real time operation in company with a non-
sampling time base unit, no sampling drive pulse is avail-
able, nor is a ground provided for the Real Time Oscillator
and Trigger Logic multivibrator. The Real Time Oscitlator
will oscillate at the specified frequency and drive the
Memaory Gate Driver and the CRT blanking circuit. Internal
trigger is obtained from the Beal Time Trigger block. The
operational differences between the two types of time bases
are explained in the Operating Instructions, Section 2,

Readout Logic

The Readout logic in the 7511 provides the necessary
time-slot current to operate the Scale Factor readout on the
indicator oscitloscope. Currents supplied from the 7511
control the display of decimal magnitude, Norma!/Invert,
Normat/Uncal, 1-2-5 Scaling and the symbols m, u, V and |,
The indicator oscilloscope manual includes the details of
Scale Factor Readout operation.

CIRCUIT DESCRIPTION

The following circuit description follows the sequence of
the diagrams in Section 9.

Trigger Logic

The Trigger Logic circuit {see Post Amplifier and Atten-
uators circuit diagram) consists of Q108, Q113, Q116 and
associated components. The circuit sets the level for for-
ward bias of the timing unit trigger amplifier so that the
trigger is passed from the sampling head to the timing unit
(see Fig. 4-2A). The Internal setting of the timing unit trig-
ger switch grounds the base of Q113 through R108, and the
collector of Q108 through R108-R108. Q108 is reverse
biased by current through R102 and CR108 to clamp the
base at +15.6 voits. CR113 is off and Q113 is forward
biased by the current through R111% and R108. Conduction
causes 0113 collector to be more positive than the cathode
of CR116 so that both CR118 and CR115 are off, Q116
supplies current 1o the lamp, PS116, indicating that this
7511 s supplying the internal trigger to the timing unit.
R 115 sets the base current for Q116.

Setting the trigger switch in the timing unit to EXT
removes the ground from R108, which turns on CR113 and
clamps Q113 base at +5.6 volts, a reverse bias. Q108 re-
mains at reverse bias as with Internal trigger operation.
CR115 ciamps Q116 base at —0.6 volt so 0116 is off and
the INT TRIG lamp is off. CR116 is on, reverse biasing the
timing unit transistor, so no trigger signal from the sampling
head can trigger the timing unit.

@
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Two 7511 units operated together will complete the hi-
stabie multivibrator shown in Fig. 4-2B. Selection of the
desired 7811 as the Internal trigger source is done through
the turning off of Q108 in that unit. The Internal setting of
the trigger switch in the timing unit provides ground to
both halves of the bistable multivibrator. Pushing the INT
TRIG switch momentarily places a positive trigger on Q108
{in the desired 7511}, puts reverse bias between base and
emitter, and turns on CR108, which clamps Q108 base at
+15.86 volts. The positive trigger is applied to 0108 coliec-
tor in the second 7511, which turnsg that Q108 on, adding
current through R109 to the current through R111 and
R109 to clamp Q113 base at +5.8 volts through CR113.
Operation of the Off 7517 is the same as discussed for
External trigger operation with a single 7511. The On 7511
operates similar to & single 7511 in Internal trigger oper-
ation,

Switching the timing unit trigger switch to one of the
EXT positions removes the ground from the R 109 common
point. The R109 common point rises to +5.6 volts, the
clamped voltage at the bases of the Q113"s, so the multivi-
brator remains in the state in which it was set. The multivi-
brator remains in the state in which it was set when the
timing unit trigger mode is again placed at Internal unless
the other 7511 INT TRIG button is pushed.

Post Amplifier and Attenuators

The Post Amplifier and Attenuators diagram includes
the Post Amplifier, Forward and Feedback attenuators, DC
Offset, and the Trigger Logic.

The Post Amplifier is a two-stage non-inverting opera-
tional amplifier with AC coupled complementary emitter
followers between the second stage and the output. The
input impedance is 20.9 £, which properly terminates the
coaxial cable feed from the sampling head, Output imped-
ance is very low to provide signal current to the 500 £
Forward Attenuator. Total AC gain is approximately 12,
producing a 2.4 volt output signal for 2 0.2 volt input sig-
nat. DC gain is essentially unity and feedback keeps the
amplifier within its proper dynamic range.

0123 and 0128 are the amplifier transistors, and Q133
and Q136 are the output emitter followers. Q133 ensures
low output impedance for positive output signals, and
Q136 ensures low output impedance for negative output
signals. Each emitter follower has a resistor in the collector
for parasitic oscillation suppression. C134 permits the out-
put emitters to be at different DC voltages and ensures that
the emitter of the non-driving transistor foliows the output
voltage.

Qutput of the Post Amplifier is AC coupled to the
NORMAL/SMOOTH switch, DOT RESPONSE control and
the Forward Attenuator {part of the Units/Div switch).
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Fig. 4-2. Trigger Logic circuit.

The Forward Attenuation Network consists of the
NORMAL/SMOOQOTH switch, the DOT RESPONSE control,
and the Forward Attenuator portion of the Units/Div
switch.

Pushing the SMOOTH switch introduces R141 in series
with the Post Amplifier output signal, reducing the loop
gain to 0.3 or less compared to loop gain in the NORMAL
setting. R142 maintains a constant 500 £ load on the out-
put stage for time constant and amplitude considerations.

4-4

The Forward Attenuator, made up of resistors R145A
through R145G, presents a constant 500 £ ioad to the
driving side. The input resistance to the AC Amplifier is
changed by the forward attenuator from 1 k&2 to 100 kQ2 in
seven steps. Six of the seven resistors are always in parallel
connection to ground, with the seventh in series with the
signal to the AC Amplifier input. Signal pulse ampilitude
across the forward attenuator input resistance (500 {2 to
ground) does not change when the Units/Div switch posi-
tion s changed. Attenuation occurs because of a changing
current drive into the low impedance of the operational AC

@
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Fig. 4-3. Forward Attenuation network, showing that the output resistor of the Units/Div Forward Attenuator is actually the AC Amplifier

input resistor.

Amplifier. Fig. 4-3 shows the full forward attenuator net-
work and identifies the AC Amplifier input terminal.

The AC Amplifier gain is controlled by the ratio of feed-
back resistor R209 to the value of the series element of
R145. The gain changes from 15 at 2 units/div 1o 0.15 at
200 units/div.

The Forward Attenuator portion of the Units/Div switch
is ganged with the Feedback Attenuator portion. The result
is that changing the Units/Div switch does not change the
dot response {(or loop gain). Changing either the
NORMAL/SMOOTH swiich or the DOT RESPONSE con-
trol changes the forward signal, and thus changes the loop
gain.

The Feedhack Attenuator and the DC Offset are connec-
ted together within the sampling head where they are com-
bined and applied to the Sampting Bridge output terminals.
The Feedback Attenuator receives the Memory circuit out-
put signal from a very low impedance. The attenuator
places one of seven resistors in series with the Memory
output signal, and the other six resistors are paralleled to
ground as slightly more than 2000 2. Maximum attenu-
ation {at 2 Units/Div} altows 0.42% of the Memory signal to
pass to the Sampling Bridge circuit. Minimum attenuation
{at 200 Units/Div} allows 42% of the Memory signal to pass
to the Sampling Bridge Circuit. The attenuation of 0.42%
and 42% is corrected 1o exactly 0.40% and 40% by the
paraltel value of R147, R149 and the 53 k& to ground
mnside the sampling head, {The Forward Attenuator ratio or
AC Amplifier gain ratio of 100:1, and the feedback attenu-

®

ator ratio of 1:100 ensure that the toop gain is not altered
throughout the Units/Div switch range).

The DC Offset Circuit is a single transistor emitter fol-
fower that converts the fairly high resistance of the DC
OFFSET control to a fairly low resistance at the emitter.
Q163 emitter voltage follows the voltage of the arm of the
DC OFFSET control, offset by —0.6 volt. Q183 drives a
22.4 k&2 resistive load, consisting of Q163 output resist-
ance, R16b {18.1 k&2) and 2000 £ of the Feedback Attenu-
ator. Thus the DC OFFSET voltage at Q163 emitter de-
velops a fixed voliage across the Feedback Attenuator 2000

£2 regardless of the Units/Div switch setting.

Memory

The memory diagram includes the AC Amplifier, the
Memory Gate, and the Memory Amplifier.

The AC Amplifier (whose gain is described above with
the Forward Attenuation Network) is an inverting opera-
tional amplifier with AC coupled complementary emitter
followers at the output. Q204 is the voltage amplifier,
Q208 emitter follower adds current gain to Q204 collector
signal, and Q212-0214 provide the very low output resist-
ance.

The amplifier input is AC coupled by C201 to permit
the amplifier DC operating voltages to be independent of
the changes made in input resistance by the Units/Div
switch., Q204 base is the summing input terminal of the
operational amplifier. As a signal arrives and changes the

4-5
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Fig. 4-4. Basic Memory Gate circuit between AC Ampiifier and Memory Amplifier. {Detailed block of Memory disgram.}

base voitage, the collector voltage changes in the opposite
direction and Q208 emitter drives current of the opposite
polarity through R209 back to the Q204 base. The input
and feedback signal currents are nearly equal, keeping the
base voltage almost constant. The output signal is coupled
1o the Memory Gate by 0212, Q214 and R219-C218. R212
limits the signal output current, ensuring that C219 does
not receive a significant charge for output signals of high
npulse amplitude.

CR201 and CR206 provide protection when transistors
are removed from their sockets. CR2071 conducts if Q208 is
removed, and CR206 conducts if Q204 is removed, Para-
sitic suppressing resistors include R206, R207, R211, R213
and R214.

The Memory Gate is a special pulse-driven diode gate
that énsures a very high input resistance to the Memory
except for about 0.15 to 0.20 us at the time of each
sample. During the conduction time, the Memory Gate is a
low impedance that allows the AC amplifier to introduce a
charge into the Memory.

Fig. 4-4 is a detailed block diagram of the circuits on the
Memory diagram. The Memory Gate is represented by a
resistor, a coil and a relay switch. The resistor is the parallel
value of the four biasing resistors which ensure that the
four gating diodes are normally not conducting. This
equivalent circuit shows that the Memaory input is zero volts
when there is no error signal at sample time.

Looking from the Memory Gate output toward its input,
the four gating diodes are normally reverse biased by the
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voltage of Zener diode VR221. {Two of the four diodes
provide very high reverse biased leakage resistance, although
they don™ turn off very fast. The other two turn off fast at
the end of the gating pulse, although they don't provide
high resistance when reverse biased). VR221 voltage is bal-
anced to ground by R224 and R226 so CR236 cathode
rasts at +2.5 volts and CR238 anode rests at —2.5 volis.
C221 ensures that the AC Amplifier output signal drives
both sides of the memory gate diodes.

The gate dicdes are forward biased into conduction by
T230 at the time of each sample due to the drive pulse
from the Memory Gate Driver. T230 is a toroidal trans-
former specially wound to balance capacitive and inductive
coupling to the two secondary windings. The winding with
only one end connected provides the capacitive balance.
The magnetic toroid core provides the inductive halance.
Thus, the drive pulse is converted to identical drive signals
to ensurg that the output junction of the four diodes accur-
ately divides the 5 volts of VR221.C221. This places the
junction of CR237-CR239 at ground when no error signal is
applied from the AC Amplifier. The functions of the two
limiting diodes CR224-CR226 and the Memory Gate are
discussed in the Memory desecription next. R229, R231 and
CR232 are shunt, damping loads to T230 which minimize
self-inductance ringing when the memory gate drive pulse
ends.

The Memory amplifier is an integrating operational
amplifier with special low leakage (high DC resistance} in-
put circuit. The input and feedback components are capac-
itors, making the AC input impedance very fow, The inter-
nal high gain ensures a very low output resistance; so that as

@



long as there is no change at the input, the output DC
voltage remains stable. The input low leakage circuit has no
DC connection to ground except during the time the
Memory Gate conducts.

The Memory amplifier is specially decoupled from the
power supplies because the output stage (0262 and Q266}
can require a current pulse as great as 30 mA for a 20 volt
output change at sample time. The decoupling networks are
R261-C261 and R267-C267. L268 in the VERT SIG OUT
and feedback lead presents a high impedance to the
Memory output for high frequency {fast change} signals.
The inductor ensures that the output amplifier does not
have to provide high current to the output load. 1.268 slows
the output signal response, but at a time when the CRT is
blanked.

A dual junction FET (Q242) is the input stage. It is
biased for essentially no leakage at the input gate, and the
stage has high voltage gain at the in-phase output drain lead.
Any voltage change at the left 0242 gate lead is amplified
and applied to the inverting amplifier Q2566. 02566 collector
circuit applies proper bias to both bases of the output
complementary emitter follower pair, Q262-(Q266 and re-
stores the DC level negatively so a zero input signal (at the
left side of Q242} is also a zero output signal. Q256 collec-
tor and Q262-0266 output lead operate linearly through
the range of +10 to - 10 volts.

Because of the high open-loop gain, the Memory Ampli-
fier does not have the fast risetime that the prior amplifiers
have. The AC Amplifier output pulse duration is shorter
than the Memory Amplifier risetime. €239 at Q242 input
gate lead accepts some of the charge from the AC Ampli-
fier, stores it until the Memory amplifier can respond, and
then loses the charge again due to feedback current.

A cycle of operation at sample time takes the following
sequence:

a The Memory Gate drive pulse arrives at essentially the
same time the Sampling Bridge is strobed into conduction.
The CRT is blanked during this same time. Propagation
delay through the three AC coupled amplifiers is quite
short. (The fact that the Memory amplifier input is always
at zero volts, and the Memory Gate is balanced around zero
volts, prevents any false changes in C275-C276 charge.
Therefore, there is nc change in the Memory amplifier out-
put voltage during the time the Memory Gate conducts
ahead of the arrival of the AC Amplifier output signal}.

b. The AC Amplifier applies a pulse signal through
R219-C219 and the Memory Gate to the Memory amplifier
input. €239 accepts some of the charge until the amplifier
begins to respond, driving an equal and opposite current
back to the input through the feedback capacitors.

@
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c. Since the AC Amptifier output signal is applied to the
Memory Amplifier “virtual signal ground” input, C219
receives about 10% of the total error signal charge before
the Memory Gate stops conducting, Thus, as the AC Ampli-
fier output returns to its quiescent voltage, the output side
of C219 overshoots. The 743 £ of the Memory Gate dis-
charges C219 wel! in advance of the next error signal.

H the 7511 is displaying a single transition step over the
full graticule with the display starting at the lower left and
ending at the upper right, the error signal is very large dur-
ing retrace. Such large error signals {even during random
process sampling} apply a significant charge to C219. In this
case, the overshoot at the end of the error signal pulse is
targe enough to cause one side of the Memory Gate to
conduct and remove some of the intended charge in the
feedback capacitors. Two normally non-conducting clamp
diodes prevent such undesired removal of memory charge.
CR224 and CR226 help to discharge C219 if it receives 100
great a charge during the Memory Gate conduction time,
thus preventing false amplitude displays. These two diodes
do not conduct at any other time.

d. As the Memory Gate drive pulse ends, C239 charge is
removed by the Memory amplifier feedback. This causes
the Memory output voliage to continue changing toward
proper amplitude for a short period of time after the
Memory Gate stops conducting. As soors as €239 is re-
turned to normal, the output voltage remains fixed unti
the next sample.

The actual resting voltage at the left Q242 gate may not
be precisely zero, but it is within a few millivolts of zero,
Any deviation from zero can be due to several things: slight
differences in conduction of the Memory Gating diodes;
slight differences in resistance of the four Memory Gate
biasing resistors; some small error signal being generated at
each sample time even when the sampling head, input signal
is zero, 0242 right gate voliage is adjusted over a small
range to allow the above-normal variations. Adjustment of
the right Q242 gate voltage is called the Smoothing Balance
adjustment, because it is set so there 5 no change in
Memory amplifier output when the forward attenuation is
changed. The forward attenuation is changed by pushing
either the NORMAL or SMOQTH switch. Whatever small
zero-input error signal may exist in the system, it always
has an average value that will not alter the memory stored
charge. Changing the forward attenuation changes the peak
amplitude of the residual error signal, but not its average
voltage zero value. Therefore, 0242 gate voltage is adjusted
to equal the average voltage zero value of the residual error
signal, and the trace does not move when the NORMAL or
SMOOTH switch is pushed.

Memory output voltage limits of about +10 and —10 are
set by two diodes in parallel with the feedback capacitors.
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The diodes, CR272 and CRZ74, are reverse biased by 9
volts each. If the output fries to go more positive than
about +10 volts, CR274 conducts {9 + 0.6 = 9.6 volts)
reducing the amplifier gain to much less than 1. If the
output tries to go more negative than about —10 volts,
CR272 conducts, reducing the amplifier gain to much less
than 1. The clamping diodes prevent the amplifier transis-
tors from saturating at the time of an overdrive signal, and
thus ensure fast transition away from the clamped voltage
at the next sample.

CR242 conducts only when G242 is removed from the
socket while the power is on, thus keeping —50 volts off
the source leads when Q242 is plugged in. Temperature
compensation of the amplifier is accomplished effectively
by the source-coupled FET input amplifier and CR257 and
CR259. Q252 is an active lcad for 0242, This active load
causes the signal current to the base of Q256 to be about
twice the signal current out of the drain of Q242 right.
(252 also serves to speed up the circuit response time. The
two identicat halves of Q242 compensate each other so
their total current does not change with temperature
change. CR2B7 and CR258 have junction-drop temperature
coefficients similar to 0282 and Q266 base-emitter junc-
tions, and thus stabilize the output circuit.

The Memory amplifier drives the front panel vertical
output jack through a resistive attenuator that delivers 40%
of the memory signal through 10 k. The jack is labeled
VERT SIG OQUT, 0.2 V/DIV, 10 kfl. The memory output
signal is the standard deflection signhal mentioned in Section
3, and is 0.5 volt/CRT division. The Memory drives the
Vertical Output through the Invert switch.

NOTE

The Memory output limits of +10 volts at 0.5 V/div
equals 40 CRT divisions of display area, required
when operating at high sensitivity and many divisions
of DC OFFSET. The whole pulse amplifier chain is
desigined for full response and fast recovery so that
on-screen displays have accurate deflection factors
and DC offset reference. Such operation provides
accurate signals at the front panel Vert Output jack,
even though much of the signal is not displayed on
the CRT.

Output Amplifier

The Output Amplifier diagram includes the Vertical Out-
put and the Real Time Trigger.

The Vertical Qutput amplifier follows the tnvert switch,
INVERT/+UP which sets the signal path from the Memory
circuit, The Vertical Qutput amplifier consists of a two-
stage push-pull balanced circuit. The first stage includes the
VARIABLE gain control and the Position adjustment in the
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common emitter circuit of 0314 and Q334. The Position
adjustment changes the current through each side of the
push-pull circuit for a center-screen output voltage. Gain of
the stage is controlled by the VARIABLE control. Maxi-
mim gain occurs with minimum resistance between the two
emitters. The Variable Balance adjustment sets the levef on
the base of Q334 so that no current flows between emitters
under no-signal conditions. This ensures that there is no
ground reference shift of the trace when the VARIABLE
control is turned.

The second stage of the Vertical Output amptifier in-
cludes the GAIN adjustment, which varies the emitter de-
generation of 0344 and (354. The push-pull outputs are
applied to the oscilloscope vertical amplifier as a current
source.

The Reai Time Trigger ampfifier {Q362 and Q366) is a
balanced circuit with push-pulf input from the first stage of
the Vertical Quiput amplifier. Positive and negative trigger
signals are applied to the timing unit through the oscillo-
scope interface,

Gate Generator

The Gate Generator diagram includes the Real Time
Oscillator and Memory Gate Driver. The sampling drive
pulse from the sampling sweep unit is slewed in time from /
the initial sweep trigger event and further delayed in the
Delay circuit. The Memory Gate Driver circuit provides the
proper time-positioning of the Memory Gate pulse so that
the error signals are gated at the correct time. The Real
Time Oscillator osciilates at about 475 kHz to start the
sampling process when driven by a non-sampling sweep
unit.

The Memory Gate Driver is preceded by a blocking oscil-
{ator {Q430 and associated components) which standardizes
the risetime and amplitude of the sampling pulse from the
sampling sweep. Until the positive sampling drive pulse
occurs, 0430 is cut off and its collector is at +15 volts. The
arriving pulse causes the transistor to start conduction asa
normal amplifier, but the regenerative feedback from 7430
via CR430 quickly drives Q430 into saturation, As the cuy-
rent through T430 reaches a steady value, the counter-EMF
generated in the secondary of T430 is stopped by the
reverse-biasing of CR430. Q430 remains in saturation until
cut off when the sampling drive pulse ends.

The Memory Gate Driver circuit consists of a low-
current amplifier {(Q452) and a monostable multivibrator
(Q458-0464). At quiescence, the base voltage of Q452
{determined by the DELAY control setting) is between +11

and +15 volts. The current through Q542 is about 1 mA,

which is insufficient to forward-bias 0456, Diode CR455
holds the base of Q456 at —15.6 volts to ensure that the



Memory Gate Driver output does not change as the DELAY
control is changed. Q464 is reverse-biased by the current
through R461, R480 (Memory Gate Width adjustment),
CR462 and R462, and its base voltage is clamped at +0.6
volts by CR464, The collector voliage of Q464 rests at
—14.5 volts.

When the blocking oscillator fires, the negative-geing
transition at Q430 collector is integrated into a fast
negative-going ramp by R434 and C434. The ramp voitage
drops to a level {determined by the DELAY control setting)
sufficient to forward-bias CR434 and shorily thereafter,
Q462 is driven to conduct harder. The additional current
required by the emitier of Q452 is furnished by C451, and
the collector of 452 rises far enough to forward-bias
Q456. When Q456 conducts its collector voltage drops, the
negative change is coupled by C480 to reverse-bias CR462,
which turns on Q464. R464 applies a steady 50 mA current
to the Memory Gate transformer primary {T230} for about
180 nanoseconds. The positive-going change at the collector
of Q464 is coupled back fo the base of Q45§ as positive
feedback, holding Q456 in conduction.

The negative-going transition at the collector of Q456 is
also coupled via C457 and C447 to the base of 0452, hold-
ing that transistor in hard conduction. The Strobe for the
sampling head is taken from the junction of C4567 and
C447,

The regeneration from C447 to Q452 does not last as
long as that holding Q456 in conduction, but since the base
voltage of Q456 cannot go more positive than about —14.4
volts, 0452's collector voltage does not change. The posi-
tion of the Memory Gate Width control adjusts the charge
rate of C460 and therefore the conduction time of Q464.
The conduction time and gate duration vary directly with
the resistance of R460,

As C460 charges toward +15 volts, CR462 again con-
ducts and turns Q464 off, ending the Memory Gate pulse
and the drive to the base of 0456, However, 0456 was in
saturation, so it does not stop conducting immediately. The
collector voltage of (24586 rises positive about 350 ns after
the transistor was turned on. This RC rise is stow and does
not couple much energy through either C457 or C460.

Real Time Oscillator

The Real Time Oscillator consists of two blocking oscit-
lator circuiis. One, a low freguency blocking oscillator, is
composed of transistor 0404 and associated circuitry, The
second, a high frequency blocking oscillator, is composed
of transistors Q408, 0410 and associated circuitry. The
Real Time Oscillator circuit is controlled by the osciilator
control line from the sampling sweep unit. When the oscil-
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lator control line is at the high state, neither of the two
osciilators can operate since their source of current is
shunted by diodes CR413 and CR414 (see Gate Generator
diagram 4), When the oscillator control line is at the low
state, both diodes are back biased and the oscillators can
operate,

The low frequency blocking osciliator uses transformer
coupling from emitter to base to perform the oscillator
action. During equivalent time sampling operation, the
anode of CR413 is held at about +.6 volt. Most of the
current from R404 travels through CR413, and Q404
remains reverse biased. When the sampling sweep unit
TIME/D1V switch is rotated to a real time position, the
oscillator control line drops to a point slightly below
ground potential and the cathode of CR413 drops to about
—.6 volt. As the cathode of CR413 drops below ground
potentiat, Q404 begins to conduct. Current through T400
couples positive feedback via CR407T to the base of Q404,
driving it further into conduction. The current for the rapid
saturation of Q404 is furnished first by C406; then as the
emitter of Q404 rises positive, CR402 begins to conduct
and clamps the emitter of Q404 at about +.6 volt. The field
around T400 begins to collapse, rapidly driving Q404 into
cutoff. The result at the base of Q408 is a single positive
pulse used to drive the high frequency blocking oscillator.

When the oscillator control line is at the high state, the
anode of CR414 is at approximately ground potential,
which is sufficient for the diode to conduci. Since there is
no difference in potential from the cathode of CR413 to
the cathode of CR414, both Q408 and Q410 are reverse
biased when the oscitlator control fine is at the high state.
When the samptling sweep unit is switched to a real time
TIME/DIV setting, the oscillator control line drops to
approximately —0.6 volt. The cathode potential of CR414
drops to approximately —1.2 volts at which point Q410,
CR411 and Q408 begin conduction (the base of Q408 is
pulled positive by the conduction of Q404). The change in
the coilector of Q410 through the primary of T410 starts
positive feedback to the base of Q410. Q410 is driven
rapidly into saturation, When Q410 saturates, the collapsing
field across T410 then drives 0410 into cutoff. The result is
a sharp negative pulse, which is coupled across C418 to the
base of Q422 Although the repetition rate of the high
frequency oscitlator depends primarily on the output rate
of the low frequency oscillater, the high frequency oscilla-
tor output frequency can be varied by the repetition rate
adjustment, R415.

Transistor (422 inverts the negative pulse from the high
frequency oscillator and drives the base of 0430 when the
sampling sweep unit is in real time operation.
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Fig. 4-5, Simplified Readout Logic Coding.




Readout Logic

The Readout hogic diagram shows the circuitry used to
generate different current levels for analog coding. The
transistors and diode are used to simplify the switching.
Fig. 4-5 shows a simplified diagram of the switches and
resistances used for encoding.

in some sampling heads there is no probe coding. Probe
coding is performed via a ring around the BNC connector
and Q506 and 0516 which convert the resistance value in
the probe into analog current puises during timeslot 1, B33.
Trace identification is implemented by grounding the probe
coding ring around the BNC connector.

Power Distribution and Decoupling

The Power Distribution & Decoupling diagram contains
the power supply decoupling networks and internal power
supply for the S-series sampling head. Power from the indi-
cator oscilloscope enters through the center circuit board at
the rear.

Cireuit Description—-7811

The —12.2 Volt Supply consists of the comparator Q624
and the series regulator 0626, The output voltage is com-
pared with the reference divider voltage of R621-R522.

The voltage reference divider, R621 and RG22, applies
approximately —12.2 volts to the base input of 0624. This
raference is coupled to the emitter-base junction of the out-
put side of Q824 through common emitter resistor R624.

A positive-going change in voltage decreases the current
through the output collector of Q624 which places a more
negative voltage on the base of QB26. As the current
through Q626 increases, the output voltage decreases to its
proper value.

0624 is protected from reverse bias by diodes CRG624
and CR62b.
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Change information, if any, affecting this section will be found at the rear of the manual,

introduction

This section of the manual contains maintenance
information for use in preventive maintienance, corrective
maintenance or troubleshooting of the 7511.

PREVENTIVE MAINTENANCE

General

Preventive maintenance consists of cleaning, visual
inspection, lubrication, etc. Preventive maintenance
performed on a regular basis will help prevent instrument
failure. The severity of the environment to which the 7511
is subjected will determine the frequency of maintenance.

Cleaning

The 7511 should be cleaned as often as operating
conditions require. Accumulation of dirt in the instrument
can cause overheating and component breakdown. Dirt on
components acts as an insulating blanket and prevents
efficient heat dissipation. it also provides an electrical
conduction path.

The top and bottom covers of the instruments in which
the 7811 operates provide protection against dust in the
interior of the instrument. Operating without the covers in
place will require more frequent cleaning.

CAUT!ON}

Avoid the use of chemical cleaning agents which
might damage the plastic used in this instrument.
Some chemicals to avoid are benzene, toluene,
xylene, acetone or similar solvents.

External. lLoose dust accumulated on the outside of the
7511 can be removed with a soft cloth or small paint brush.
The paint brush is particularly useful for dislodging dirt on
and around the front-panel controls, Dirt which remains can
be removed with a soft cloth dampened in a mild solution
of water and detergent. Abrasive cleaners should not be
used.

REVY B, MAR 1879

intertor. Dust in the interior of the instrument should be
removed occasionally due to its electrical conductivity
under high-humidity conditions. The best way to clean the
interior is to blow off the accumulated dust with dry,
low-velocity air. Remove any dirt which remains with a soft
paint brush or a cloth dampened with a mild detergent and
water solution.

Lubrication

The relizbility of Potentiometers, rotary switches and
other moving parts can be increased if they are kept
properly jubricated. Use a cleaningtype lubricant on
switch contacts. Lubricate switch detents with a heavier
grease {such as Tektronix Part No. 006-0219.-00}. Poten-
tiometers should be tubricated with a lubricant which will
not affect electrical characteristics (such as Tektronix Part
No. 008-2574-00). Do not over-lubricate. A fubrication kit
containing the necessary lubricants and instructions is
available from Tektronix. Order Tektronix Part No. 003-
0342-01). The VARIABL.E on/off slide switch uses Beacon
#3285 grease.

Visual Inspection

The 7511 should be inspected occasionally for such de-
fects as broken connections, improperly seated transistors,
damaged circuit boards and heat-damaged parts.

The remedy for most visible defects is obvious; however,
care must be taken if heat-damaged parts are located. Over-
heating is usually only a sympton of trouble. For this
reason, it is essential to determine the actual cause of over-
heating before the heat-damaged parts are replaced; other-
wise, the damage may be repeated.

Calibration

To ensure accurate measurements, check the calibration
of this instrument after each 500 hours of operation or
once every six months.

Parts identification

identification of Switch Wafers., Wafers of switches
shown on the circuit diagram are numbered from the first
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wafer located behind the detent section of the switch to the
last wafer. The letters F and R indicate whether the front
or the rear of the wafer is used to perform the particular
switching function. For example, the designation 2R
printed by a switch section on a schematic identifies the
switch section as being on the rear side of the second wafer
when counting back from the front panal,

Wiring Color Code. The wiring in the 7811 is color
coded to facititate circuit tracing.

Reasistor Coding. The 7511 uses a number of very stable
metal film resistors identified by their gray background
colar and color coding.

If the resistor has three significant figures with a multi-
ptier, the resistor will be EIA color coded. If it has four
significant figures with a multiptier, the value will be
printed on the resistor, For example, a 333 k&) resistor wilt
be color coded, but a 333.5 k& resistor will have its value
printed on the resistor body.

The color-coding sequence is shown in Fig, 5-1.

Capacitor Marking. The capacitance values of common
disc capacitors and small glectrolytics are marked in micro-
farads on the side of the component body. The white cer-
amic capacitors used in the 7511 are color coded in pico-
farads using a modified E1A code (Fig. 5-1),

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 silicon or germanium diodes with a series of
stripes, the color-code also indicates the type of diode or
identifies the Tekironix Part Number using the resistor
color-code systemn {e.g., a diode colorcoded blue or pink-
brown-gray-green indicates Tektronix Part Number
152-0185-00). The cathode and anode end of metai-encased
diodes can be identified by the diode symbol marked on
the body.

Parts Replacement

All parts used in the 7511 can be purchased directly
through vyour Tektronix Field Office or Representative.

Ceramic Capacitors:

@@ and @ ~-1st, 2nd and 3rd significant figures;
® —mulfiplier; @ —ifolerance;

@ —temperature coefficient,

Resistor and Capacitor Color Code

Signifi- Multiplier Tolerance
cant Resis- | Capaci- Resis- Capaci-
Color Figures | tors tors tors tors
Silver 10-% =10%
Geld 10-1 5%,
Black 0 i 1 .- +20% or
2 pF*
Brown ] 10 i0 —+1% +=1% or
0.1 pF*
Red 2 102 182 +=2% +=2%
Orange 3 108 108 +=3% +3%
Yellow 4 104 16+ +4% +100%,
—0%,
Green 5 10¢ 108 +0.5% | &£5% or
0.5 pF*
Blve é 108 10°
Viole? 7
Gray 8 - 102 - +80%
—20%
or 0.25 pF*
White ? 101 +10% or
1 pF*
{none) =209 +10% or
1 pF*

noTE: (1)
manufactirer and capdcitor fype. May nof he present in some cases.

*For capacitance of 10 pF or less,

and/or color code for copuacitors depends upon

Fig. 5-1. Resistor and ceramie capacitor coalor-code,

®



However, replacements for standard electronic items can
generally be obtained locally in less time than is required to
obtain them from Tektronix. Reptacements for the special
parts used in the assembly of the 7511 should be ordered
from Tektronix since these parts are either manufactured or
selected by Tekironix to satisfy a particular requirement.
Before purchasing or ordering, consult the Electrical Parts
List to determine the value, tolerance and rating required.

NOTE

When selecting the replacement parts, it Is important
to remember that the physical size and shape of a
component may affect its performance at high fre-
guencies. Parts orientation and lead dress should
duplicate those of the original part since many of the
components are mounted in a particular way to
raduce or control stray capacitance and inductance.
After repair, portions of the instrument may require
recalibration.

Pushbutton Switches. The pushbutton switches are not
repairable and should be replaced if defective. Components
which are mounted on the circuit board associated with the
pushbutton switch can be replaced using the normat re-
placement procedures.

Rotary Switches. Individual wafers or mechanical parts
of rotary switches are normally not replaced. The availabii-
ity of replacement switches, either wired or unwired, is
detailed in the Electrical Parts List.

Circuit Boards. Use ordinary 60/40 soider 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 sol-
dering iron may separate the etched wiring from the base
material.

Ail of the components mounted on the Vertical and
Inter-Channel Control circuit boards can be replaced with-
out rermoving the boards from the instrument. Observe sol-
dering precautions given under Soldering Techniques in this
section,.

Replacement of soldered-in diodes. Grasp the diode lead
between the body of the diode and the circuit board with a
small pair of tweezers. Touch the tip of the soldering iron
to the lead where it enters the circuit board. Do not lay the
iron tip directly on the circuit board. Gently but firmly pult
the diode lead from the hole in the circuit board. If removal
of the lead does not leave a clean hole, apply a sharp object
such as a toothpick or pointed too! while reheating the
solder. Avoid using too much heat.

Maintenance—7511

NOTE

Cleaning of the circuit board hole while the board is
mounted in the instrument is not recommended.
Solder pushed through the hole toward the back side
cannot alwavs he cleared away unless the back side is
accessible. Thus, clear the mounting holes only when
the board is out of the instrument.

To place the new diode, bend the leads and trim to fit
just through the board. Tin each lead white using the tweez
ers as a heat sink. Piace the diode leads in the holes. Apply
a small amount of solder, it necessary, to ensure a good
pond. Use the tweezers as a heat sink and use only enough
heat for & good connection.

Repiacement of other soldered-in components. Grip the
component lead with long-nose pliers. Touch the soidering
iron to the lead at the solder connection. Do not lay the
iron directly on the board, as it may damage the board.
Refer to Fig. 5-2.

When the solder hegins to melt, puli the tead out gently.
This should leave a elean hole in the board. If not, the hole
can be cleaned by reheating the soider and placing a sharp
object such as a toothpick or pointed tool into the hole to
clean it out,

Bend the leads of the new component to fit the holes in
the board. if the component is replaced while the board is
mounted in the instrument, cut the leads so they will just
protrude through the board.

Pre-tin the leads of the component by applying the sol-
dering iron and a small amount of solder to each (heat-
shunted) tead. Insert the leads into the board until the com-
ponent is firmly seated against the board. if it does not seat
properly, heat the soider and gently press the component
into place.

Eig. 5-2. Apply the soldering iron to the heat-shunted lead when
removing a component from a circuit card,
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Apply the iron and a small amount of solder to the
connection to make a firm solder joint. To protect heat-
sensitive components, hold the lead between the compo-
rent body and the solder joint with a pair of long-nose
pliers or other heat sink,

Clean the area around the soldered connection with a
flux-remover solvent to maintain good environmaental char-
acteristics. Be careful not to remove information printed on
the board.

{ncandescent bulbs for lighting the pushbutton switches
are soldered to the circuit board on the pushbutton
switches. Remove the screws and cover to expose the bulbs.

Metal Terminals. When soldering metal terminals (e.g.,
switch terminals, potentiometers, etc.), ordinary 60/40
solder can be used. The soldering iron should have a 40- to
75.watt rating with a 1/8 inch wide chisel-shaped tip.

Observe the following precautions when soldering metal
terminals:

1. Apply only enough heat to make the solder flow
freely.

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 fux-
remover solvent.

Circuit Board Replacement. If a circuit board is dam-
aged and cannot be repaired, the entire assembly including
all soldered-on components should be replaced. The part
number given in the Mechanical Parts List is for a com-
pletely wired board.

Replace the Vertical and Inter-Channe! Control circuit
boards with attention to the screws which are spring
mounted to the center circuit board. Be certain that the
screws are gradually loosened so the circuit board assembly
does not spring up at one end and cause damage. Loosen
the screws one turn at a time to equalize stress caused by
the springs. Check that the pins are straight before replace-
ment. Replace the circuit board with careful alignment of
the holes over the pins with pressure on the area around the
screws to overcome spring resistance for the initial screw
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tightening, then tighten all the screws gradually, {as in the
removal) one turn at a time. Tighten all screws finger-tight.

The Interface assembly board can be removed as fol-
tows: first, loosen {or remove} the phillips head screws and
locking nuts holding the fixed shoe on the left side of the
7811 and lift the shoe away, then remove the six phitlips
head screws holding the Interface assembly board to the
metal chassis. Remove the four phillips head screws holding
the rear plastic connector guide. Loosen the set screw in the
shaft coupling holding the VARIABLE conirol shaft to the
control {switch pushed in}. The Inter-Channel Control cir-
cuit board must be removed for removal of pin connections
at pins A, B and ground. Tag the wires with masking tape
and mark for identification. Disconnect all pin-and-connec-
tor wire connections. Unsolder the leads at the sampling
head connector, gently lifting them away from the board.
Pull the assembly board from the 7511 to the rear, watch-
ing the wires connected to the movable shoe for possible
hang-up on the notches, and placing them so they bend
outside the chassis holss,

Interface board replacement involves installation of the
board, watching and placing the wires for least interference
and final location. Install and tighten the four screws hold-
ing the rear plastic connector. Next, install and tighten the
six chassis screws. Solder the sampling head connector pins
and connect the wires. Install the fixed shoe connector into
the slot and install the inter-Channel Control board. Re-
assemble the VARIABLE control shaft and coupling and
tighten the set screw,

TROUBLESHOOTING

Introduction

The following information is provided to - facilitate
troubleshooting of the 7811, Information contained in
other sections should be used along with the following
information to aid in locating the defective component, An
understanding of the circuit operation is very helpful in
locating troubles. See the Circuit Description section if the
operation of a particular circuit is not clear.

Troubleshooting Aids

Diagrams. Complete circuit diagrams are given on fold-
out pages in the Diagrams section. The component number
and electrical value of each component in this instrument
are shown on the diagrams. Each main circuit is assigned a
series of component numbers. Table 5-1 lists the main cir-
cuits in the 7511 and the series of component numbers
assigned o each. Important voltages and waveforms are also
shown on the diagrams. The portions of the circuit mounted
on circuit boards are enclosed with a blue line.



TABLE 5-1
Component Numbers
Component numbers | Diagram
on diagrams number Circuit
101-149 1 Post Amp &
Attenuators
201-299 2 Memory
301-399 3 Qutput Amplifier
401-499 4 Gate Generator
501-548 5 Readout Logic
601-649 7 Power Distribution
& Decoupling

Troubleshooting Technigques

This troubleshooting procedure is arranged in an order
which checks the simple trouble possibilities before pro-
ceeding with extensive troubleshooting. The first few
checks ensure proper connection, operation and calibration.
Hf the trouble is not located by these checks, the remaining
steps aid in locating the defective component. When the
defective component is located, it should be replaced, fol-
lowing the replacement procedures given in this section.

1. Check Control Settings. Incorrect control settings can
% indicate a trouble that does not exist. For example, incor-
rect setting of the VARIABLE control appears as incorrect
gain, etc. If there is any question about the correct function
or operation of any control, see the Operating {nstructions
section of this manual.

2. Check Associated Equipmeni, Before proceeding
with troubleshooting of the 7511, check that the equip-
ment used with the 7511 is operating correctly. Check that
the signal is properly connected and that the inter-
connecting cabies are not defective. Also, check the power
source.

3. Visual Check. Visually check the portion of the
instrument in which the trouble is located. Many troubles
can be located by visual indications such as unsoldered con-
nections, broken wires, damaged circuit boards, damaged
compaonents, etc.

4. Check Instrument Calibration. Check the calibration
of the instrument, or the affected circuit if the trouble
exists in one circuit, The indicated trouble may only be a
result of misadjustment or may be corrected by calibration.
Complete instructions are given in the Calibration section
of this manuatl,

5. isolate the Trouble to a Circuit. To isolate trouble to
a circuit, note the trouble symptom. The symptom often
identifies the circuit in which the trouble is located. When
trouble sympftoms appear in more than one circuit, check
affected circuits by taking voltage and waveforms readings.

®
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Transistor Checks

Transistors should not be replaced unfess they are actu-
ally defective. Transistor defects usually take the form of
the fransistor opening, shorting, or daveloping excessive
leakage. To check a transistor for these and other defects,
use a transistor curve display instrument such as a Tek-
tronix Type B76 or B75, However, if a good transistor
checker is not readily available, a defective transistor can be
found by signal-tracing, by making in-circuit voltage checks,
by measuring the transistor forward-to-back resistance using
proper ohmmeter resistance ranges, or by using the substi-
tution method. The location of all iransistors is shown in
the parts location figures later in this section.

To cheek transistors using a voltmeter, measure the
emitter-to-base and emitter-to-coliector voltages and deter-
mine if the voltages are consistent with the normal resist-
ances and currents in the circuit {see Fig. 5-3}. Note the
lead configuration in Fig. b-4.

When checking transistors by substitution, be sure that
the voltages supplied to the transistor are normal before
making the substitution. If a transistor is substituted with-
out first checking out the circuit, the new transistor may
immediately be damaged by some defect in the circuit,

Diode Checks

A diode can be checked for an open or shorted condi-
tion by measuring the resistance between terminats. With an
ohmmeter scale having an internal source of about 1.5
volts, the resistance should be very high in one direction
and very low when the leads are reversed.

NPN or PNP
TRANSISTOR

Emifter-to-
Collector Voltage

Emitiar-lo-Base
Voltage

Fig. 5-3. In-circuit voitage checks NPN or PNP transistors.
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S e VA o W L s

S CAUTION

IV N N S ST P o
Do not use an chmmeter scale that has a high internal
current. High currents may damage the diode. Do not
measure tunnel diodes with an ohmmeter; use a dy-
namic tester [such as Tektronix Type 576 or 575
Transistor Curve Tracer),

Fieid Effect Transistors (FET)

Memory Amptifier field effect transistors in the 7511
should not be tested with an ohmmeter. Rather, if you
suspect the dual FET, pull the unit out of the socket, rotate
it 180° and re-insert it. The leads are arranged in a mannar
1o permit the unit 1o be installed with the guide pin point-
ing either forward or backward, If there is no change in
circuit operation, both sections of the dual FET are prob-
abiy good.

Actual condition of either half of a dual FET can be
checked using a Tektronix Type 576 Transistor Curve
Tracer. The Gate corresponds to the Base, Drain to the
Collector, and Source to the Emitter of an ordinary tran-
sistor at the curve tracer sockets.

Set the Type 576 Curve Tracer controls:

Vertical Current/Div 1 mA
Display Offset 0
Centerline Value Div
Display tnvert Released
Zero Released
Cal Released
Horizontal Volts/Div 1 Collector
Max Peak Volts 15
Watts 0.1
Polarity + {NPN}
Miode Norm
Number of Steps 10
Offset Mult 0.60
Step/Offset Amplitude 05V
Offset Zero Pressed
Steps Pressed
Step Family Rep Pressed
Rate Norm Prassed
Step Muit 1X Released
Step/Offset Polarity Invert Pressed
Vartable Collector Supply 0
Emitter Grounded Step Gen

Install the FET Test Fixture in the Type 576 Standard
Test Fixture and the FET to be tested in the Test Fixture.

Turn the Variable Collector Supply control clockwise
until about 10 volts is displayed horizontally.

5-6

Fig. 5-4. Lead configuration for transistors used in the 78%1.

Press the Step Generator Polarity Invert butten for the
Depletion mode of operation or release the button for the
Enhancement mode of operation,

Turn the Amplitude switch counterclockwise untl a
family of curves is displayed. Set the Peak Power Wattls
switch for a maximum collector supply power output of
less than the maximum power rating of the FET under test.

Increase the collector suppiy voltage as follows:

(1) Set the Variable Collector Supply contro! fully coun-
terclockwise;

{2) Install the protective box and close the lid;

{3} Set the Max Peak Volis switch to to the desired voltage
range;

{4} Turn the Variable Collector Supply control clockwise
until the desired collector supply voltage is obtained.

@



Turn the Amplitude switch counterciockwise for a
higher drain current,

Small-signat g, of the FET is equal to the Vertical
switch setting divided by the Amplitude switch setting
{note the g, PER DIV READOUT}, muitiplied by the ver-
tical separation of two curves of the dispiayed famity.

Major Circuit and Parts Location

The remainder of this section includes photographs of
sections of the 7811, Major circuit areas are identified, Ali
components mounted on circuit boards are identified by
circuit numbers, All circuit board connections are identified
by pin letters.

REV. B, JULY, 1977
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REPACKAGING FOR SHIPMENT

if the Tektronix instrument is to be shipped to a Tektronix
Service Center for service or repair, attach a tag showing:
owner {with address} and the name of an individual at your
firm that can be contacied, complete instrument serial
number and a description of the service required.

Save and re-use the package in which your instrument was
shipped. If the original packaging is unfit for use or not
available, repackage the instrument as follows:

Surround the instrument with polyethyiene sheeting to
protect the finish of the instrument. Obtain a carton of
corrugated cardboard of the correct carton strength and
having inside dimensions of no less than six inches more
than the instrument dimensions, Cushion the instrument
by tightly packing three inches of dunnage or urethane
foam hetween carton and instrument, ¢n all sides. Seal
carton with shipping tape or industrial stapter.

The carton test strength for your instrument is 200 pounds.
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*See Parts List for
serial number ranges.
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Fig. 5-5. Vertical circuit board.
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fig. 5-6. Inter-Channel Control circuit board.
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Fig. 5-8. Interface circuit board, right side,
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SECTION 6
' PERFORMANCE CHECK/CALIBRATION

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

Introduction

This procedure combines the 7811 performance check
and calibration procedures since a number of the steps are
common to both procedures. After the ''Preliminary Pro-
cedure”, which is performed before the 7811 is installed in
the oscilloscope, the Performance Check Procedure {using
the test equipment recommended and without access 1o
internal controls or test points) includes all the steps that
can be done on the 7511 once it is installed in the oscillo-
scope. Notes in the text titled "PERFORMANCE CHECK
ONLY"™ give instructions that pertain to the performance
check procedurs only and list the next step applicable to
the performance check. All these steps herein pertain to the
calibration procedure,

As an aid to the calibration of the instrument, a Short-
Form Procedure is given prior 1o the complete procedure,
To facilitate instrument calibration for the experienced caii-
* brator, the Short-Form Procedure lists the calibration
adjustments necessary for each step and the applicable
tolerances. This procedure also includes the step number
and title as listed in the complete Performance Check/
Caltbration Procedure and the page number where each step
begins. Therefore, the Short-Form Procedure can be used as
an index 1o locate a step in the complete procedure. This
procedure can be reproduced and used as a permanent
record of instrument calibration,

Completion of each step in the compilete Performance
Check/Calibration Procedure insures that this instrument
meets the electrical specifications given in Section 1. Where
possible, instrument performance is checked before an
adjustment is made. For best overall instrument perform-
ance when performing a complete calibration procedure,
make each adjustment to the exact setting even if the check
is within the allowable tolerance.

NOTE

All waveforms shown in this procedure were taken
with a Tektronix Osciffoscope Camera System.
Limits, tolerances and waveforms in this procedure
are given as calibration guides and should not be
interpreted as instrument specifications except as
specified in Section 1.

REV € JAN 1981

TEST EQUIPMENT REQUIRED

General

The following test eguipment and accessories, or its
equivalent, is required for complete calibration of the 7511.
Specifications given are the minimum necessary for accu-
rate calibration; therefore, some of the rscommended
equipment may have specifications that exceed those given.
All test equipment is assumed to be correctly calibrated and
operating within the given specifications. T eguipment is
substituted, it must meet or exceed the specifications of the
recommended equipment.

Special Tektronix Calibration fixtures are used in this
procedure only where they facilitate calibration. These
special calibration fixtures are available from Tektronix,
Inc. Order by part number through your local Tektronix
Field Office or representative.

Test Equipment

1. Oscilioscope, a 7504 or a 7704, in which to operate
the 7811

2. Type S-1 Sampling Head.
3. 7T11 Sampling Sweep Unit.

4. Test oscilloscope with a differential comparator; mini-
mum deflection factor required is & mV/div or less, risetime
required is 20 ns or less. A 7A13 Differential Comparator
and 7B50 Time Base can be operated in the 7504 (or 7704)
Oscilloscope required for the 7511, or use a separate
oscilloscope such as the Type 547 with the Type W Plug-in
Unit.

5. 1X Probe, P6101. Tektronix Part No. 010-8101-01.

6. 50 & Amplitude Calibrator. Qutput impedance 50 {2;
voltage range 0.012 to 1.2 volts square wave; accuracy with-
in £0.3%. Tektronix Calibration Fixture 067-0508-00.
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7. A special Variable Attenuator with GR 874 connec-
tors. It consists of a 100 & potentiometer across a 50 £2
tine, and does not have a guaranteed response. Tekironix
Part No. 067-0611-00.

8. Normalizer Head, optional {(recommended i more
than one sampling head will be used with the 7S11) for
Memory Gain and Memory Gate Width adjustments. Tek-
tronix Calibration Fixture 067-0572-01.

9. DC Resistance Bridge (such as ES! 250 DA) for
measuring 10 k{2, accurate within £0.5%.

NOTE

This test instrument is not required if the Prefiminary
Procedure is omitted.

10. 10X Probe, P6012. Tektronix Part No. 010-0203-00.

11. 2 1/2 inch ground lead. Tektronix Part.No. 175

0249-00.

12. Adapter; BNC (F} to GR 874. Tektronix Part No.
017-0063-00.

13. Adapter, 3 mm (M) to BNC (F). Tektronix Part No.
015-1018-00, supplied with the 7T11.

14. 50 £ coaxial cable about 4 feet long with BNC
connectors, for example, RGB8C/U cable, Tektronix Part
No. 012-0057-01.

15. BO §) coaxial cable with GR 874 connectors, such as
5 ns signal delay RGBBC/U cable, Tektronix Part No.
017-0612-00.

16. Screwdriver. Three-inch shaft, 3/32-inch bit for
slotted screws. Tektronix Part No. 003-0192-00.

17. Extender, Tektronix Calibration Fixture
067-0588-00.

18. Special cable assembly, RF, about 36 inches in
length with mini-coaxial connectors. Tektronix Part No.
012-0203-00.

19. Patch cord with insulated aligator clips,
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SHORT-FORM PROCEDURE

7511, Serial Number

Calibration Date

Calibrated By

1. Check —12.2-Voit Power Supply Page 6-5

—12.2 volts £0.24 volt; ripple 1 mV P-P or less.

2. Check interdot Blanking Page 6-6

Blanking Pulse width between 0.75 us and 2 us at the
50% amplitude, SN B101608 and below. 7 us to 9.5 us
at the 50% amplitude, SN B101609 and up.

3. Check Dot Response and Smeothing,
Adjust Gain

DOT RESPONSE control can set the display to unit
loop gain in NORMAL operation; ioop gain decreases
to 0.3 or tess of NORMAL in SMOOTH operation.

Page 6-7

4. Adjust Memory Gate Width {R460) and
Memory Gain (C275) With Normalizer Head

Memory Gate Width control to given maximum frace -
separation and Memory Gain control for & division
trace separation with the DOT RESPONSE control set
at electrical midrange.

Page 6-7

5. Adjust Memory Gate Width {R460} and Page 6-8

Memory Gain {C275) with Sampling Head

Memory Gate between 160 ns and 180 ns, 50% ampli-
tude level; Memory Gain set for b division trace separa-
tian with a 400 mV error signal at test point 121.

6. Adjust Variable Balance {(R305) and
Smoothing Batance (R245)

No trace movement with VARIABLE control rotation
or when SMOOTH switch is pushed.

Page 6-9

7. Check Deflection Faétor Accuracies, Page 6-10

Variable Control Range, and Adjust Gain

Units/Div switch setting amplitude correct within 3%
with the GAIN set any switch setting, VARIABLE con-
trot at CAL; VARIABLE control increases the deflec-
tion amplitude 2.5 times or more at fully clockwise
setting and decreases the deflection amplitude to 0.5 or
tess at fully counterclockwise setting.
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8. Check Memory Overdrive Recovery Page 6-11

Baseline {unity loop gain indication)} shift at 10 mV/div
not more than 1 div with about 8 times the normal
signal displayed.

9. Check Vertical Signal Out
. Signal Input involts, 90
Quitput is 200 X Units/Div £2%.
Output is 206 mV {within 3%} per displayed division in
+UP or INVERT.

Page 6-11

18. Check Vertical Gain " Change in
SMOOTH

Vertical gain change in SMOOTH operation within 3%
of NORMAL operation

Page 6-11

11. Check Memory Slash Page 6-11
Vertical amplitude of stash at 20 Hz is 0.1 division or
less.

12. Check Delay Page 6-12

Displayed range of DELAY control is at least 10 ns.

' 13. Check/Adjust Real Time Sampling
(R415)

Repetition rate is 47.5 kHz within 10%, frequency
modulated; FM rate between 120 Hz and 440 Hz; FM
deviation within 8% of the repetition rate.

Page 6-12

14. Check DC Offset and Adjust Position
{R325)

Displayed range of DC OFFSET control +1 volt and
—1 volt or more; Offset voltage range at OFFSET QUT
jack from at least +10 volts to —10 volts. Actual dis-
playved offset = (0.1} {Offset Out} within 2%.

Page 6-12

5. Check Real-Time Trigger Amplifier Qut-
put

Page &-14

(0.1} {Memory Output)

PERFORMANCE CHECK/
CALIBRATION PROCEDURE

General

: The following procedure is arranged so the 7511 can be
* calibrated with the least interaction of adjustments and re-
connection of equipment. A picture of the test equipment

Performance Cheek/Calibration—7511

required for each group of steps is given to aid in identifi-
cation of the necessary equipment. The confrol settings and
test equipment setup throughout this procedure continue
from preceding step{s} unless noted otherwise,

NOTE

Control titles which are printed on the front panel of
the 7511 are capitalized in this procedure (e.g., DE-
LAY). Internal adjustments are initial capitalized
only {e.g., Position).

The following procedure uses the equipment listed under
Test Equipment Required. IT other equipment is substi-
tuted, control settings or calibration setup may need to be
altered to meet the requirements of the equipment used.
Detailed operating instructions for the test equipment are
not given in this procedure. Refer to the instruction manual
for the test equipment if more information is required.

NOTE

Many tolerances given in this procedure are guides to
correct instrument operation and are not instrument
specifications.

Preliminary Procedure

Before installing the 7811 in the oscilloscope, check the
source resistance of the Offset Qut and Vert Sig Out jacks.

NOTE

This preliminary Procedure may be omitted if this
verification is not required,

The Offset Out jack resistance must be 10 k{2 +1%, (9.9
k£ to 10.1 k).

a. Ground test point 163, see Fig. 6-1. Use a DC resist-
ance bridge and measure the DC source resistance at the
OFFSET OUT jack.

b. Ground test point 264, see Fig. 6-1. Measure the DC
source resistance at the VERT SiG OUT jack with the DC
resistance bridge.

The Vert Sig Out jack resistance must be 10 kS) £0.5%
{9.95 k{2 1o 10.05 k).

Performance Check

Instad the 7711 in the A HORIZ compartment of the
7504 Oscitloscope and the 7511 {with a calibrated sampling
head installed)} in the RIGHT VERT compartment.

Begin the performance check with step 3.
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o T Preliminary Control Settings

51‘5 i Set the 7511 controls as follows:

<A

£g

o DELAY Midrange

58 +UP Pushed in
DC OFFSET #1 V and FINE Midrange
mVOLTS/DIV 50
VARIABLE Pushed in
POT RESPONSE Midrange
NORMAL Pushed in

Set the 7T 11 controls as follows:

Time Position and Fine  Fully clockwise

Sequential Pushed in
Sweep Range 5 us
Time/Div 0.5 us
Variable Pushed in
Scan Fully clockwise
Fig. 6-1. Yertical circuit board location of grounded test points for Rep Pushed in
cutput jack resistance measurement, Slope + Pushed in
Trig Level Midrange
Stability Fully clockwise
. : Trig Amp X1 Pushed in
Calibration Procedure Ext 1 MO Pushed in
a. Assemble the extender, the 7511 and 7T11 at the
7504 Oscilloscope. Remove the mini-coaxial connector at
the top of the 7T11 (see Fig. 6-2) and insert the special Set the 7504 Oscilloscope controls as follows:
mini-coaxial cable through the chassis (so the 7T11 can be
installed in the oscilloscope} and connect it to the connec- A Intensity Midrange
tor. Place the disconnected cable within the chassis and Focus Adjusted for well defined
tape the connector to avoid contact with components. Re- display
move the mini-coaxial connector on the 7511 left side B Intensity Midrange
{Inter-Channel Control circuit board}) and connect the
special cable. This completes the oscillator control and
strobe drive circuits. The 7811 INT TRIG tamp will not be T T P TI
on when the 7T11 is at Int trigger. T L LS R S Second connector

b. install the 7T11 in the A HORIZ compartment of the
oscilloscope. Connect the 7511 fo the solid or flexible
extender, then install the extender in the RIGHT VERT
compartment,

c. Install the Type -1 Sampling Head in the 7811,

Both Procedures

a. Install the 7A13 in the Oscilloscope Left Vert com-
partment and the 7B50 in the B HORIZ compartment.

b. Make all power connections. Turn on the power 1o all
equipment. Allow 20 minutes warmup time before pro-
ceeding. Set the controls as listed under Preliminary Con-
trol Settings. Fig. 6-2. Special connections for calibration,
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53 0
Amiplitucie
Calibrator

.- Mormaiizer
Head

o BnoGRETA
& cable

prabe 500 BNC 0 Variable | BNC (F) 10 GR
’ - cable o Attenuator | _ada;:_mr__
Fig. 6-3. Test equipment required,
Readout As desired t. Check —12.2-Volt Power Supply
Control tHum As desired
Grat Hlium As desired PERFORMANCE CHECK ONLY
Calibrator 4V {04V into 50 &) Steps T and 2 are not applicable to the performance
Rate 1 kHz check. Set controls as given under Preliminary Con-

Set the 7A13 and 7BBO (test oscilloscope} controls as

foliows:

Comparison Voltage
+nput

Volts/Div
.Bw

.Time/Div

Trigger Mode
Triggering Coupling
Triggering Source
Magnifier

~0.000 Volts
AC

1mV

5 MHz

10ms

P-P Auto

AC

Line

X1

Set the B0 £2 Amplitude Calibrator as follows:

Test-Operate
Volts

Operate
0.3

trof Settings and begin the performance check with
step 3.

%
a. Test equipment required is shown in Fig. 6-3. Set the
7504 Oscilloscope Vertical Mode switch to Left and Hori-
zonta! Mode switch 1o B,

b. Connect a 1X probe from the + Input to Pin A at the
sampling head connector, see Fig. 6-4.

NOTE

The —12.2-Volt power supply voltage and ripple
tolerance are typical values provided as guides to
correct instrument operation and are not instrument
specifications. Actual values may exceed these values
without floss of measurement accuracy if the instru-
ment meets the specifications given in Section 1, as
tested in this procedure.
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A, —12.2 volt test paint, right side.

B. Oscitloscope display of ripple,

Fig. 6-4. Power supply checks.

c. Check that the ripple is not more than 1 mV peak to
peak.

d. Set the 7A13 Vols/Div to B0mV and the
Comparison Voltage to 12.00. Set the + lnput to GND and
position the trace at graticule center.

e. Set the +Input to DC and the —input to Ve. Adjust
the Comparison Voltage to position trace at graticule center
and check that voltage is —1.244 to —1.196.

f. Set +input.and —Input to GND and remove the probe,

6-6

2. Check Interdot Blanking

a. Change the 7A13 probe from 1X to 10X and set the
controls as follows:

Volts/Div 10mV
+Input AC

b, Connect the 10X probe ground dlip to a 7511 Ground
test point and the probe tip to pin AC, see Fig. 6-5A,

c. Set the 7504 Oscilloscope Vertical Mode switch to
ALT. Set the 7T11 Sweep Range switch to 0.5 ms and the
Time/Div switch to B us. Set the 7T11 Stability controt
fully clockwise and the Trig Level control at midrange {dot
straight up}.

TYPE 7511
INTER- CHANNEL
COMTROL
) Gopyright 1968
TEETROBIK, INC

B. Bianked 7511 trace and 7A13 trace, SN B101608 and befow.

Fig. 6-5. Interdot blanking cheeks.

REV. B, NOV. 1975
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d. Set the 7BB0 Time/Div switch to T us and adjust the
Level/Slope control for a stable display similar to Fig. 6-58.

e. Check the blanked trace (7811} for 0.75 us 10 2 us,
SN B101608 and betow (7 us to 2.5 us, SN B101609 and
up) as shown in Fig. 6-BB.

3. Check Dot Response and Smoathing

a. Connect the 50 2 Amplitude Calibrator Output to the
Sampling Head input connector through a 50 {2 coaxial
cable and the Trigger Output to the 7T11 Trig input con-
nector through a B0 ) coaxial cable and BNC to 3 mm
adapter.

b. Set the 7504 Vertical Mode switeh to Right, Horiz-
zontal Mode switch .to A, and A Trigger source switch to
Right.

¢. Set the 7T11 Sweep Range switch 1o 50 us and the
Time/Div switch to 2 us. Push in the Ext 50 £ 2 V Max
switch. Obtain a stable display with the Stability control
fully counterclockwise and the Trig Leve! control as

~ needed, Center the positive level of the square wave on the

graticule with the Time Position control.

d. Set the 75811 GAIN control for exactly 6 divisions of
display amplitude. .

e. Dbserve the first dot at the front corner of the posi-
tive level as the DOT RESPONSE control is turned fully
clockwise and fully counterclockwise, see Fig. 6-6A. Check
that the first dot moves more than 1 division above and
helow the positive level.

f. Set the DOT RESPONSE control at unity loop gain,
the first dot is at the same level as the positive level of the
square wave.

g. Push the SMODTH switch in and check that the first

dot on the rising poriion of the waveform is less than 1.8
divisions. from the negative level {0.3 of the & division dis-
play ampiitude, i.e., loop gain is reduced to 0.3 of unity
{ioop gain). See Fig. 6-6B.

h. Push in the NORMAL switch. Set the 7T11 Scan
control 1o about 9 o'clock,

REV.B,OCT. 18756
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4. Adjust Memory Gate Width (R460) L1
and Memory Gain (C275) With Normalizer
Head

PERFORMANCE CHECK ONLY

Steps 4, 5 and 6 are not applicable to a performance
check. Set controls as given in step 7 and proceed
with step 7.

NOTE

Steps 4 and 5 accomplish the same adjustments. If
the Normalizer Head is used, time is saved and step 5
can be disregarded.

a. Remaove the Type S-1 Sampling Head and install the
Normalizer Head, Tektronix Calibration Fixture
067-0572-01.

A, DOT RESPONSE controil fully counterc!ockwise,
loap gain less than unity.

B. Smooted display.

Fig. 6-6. Dot response and smoothed operation check,
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b, Set the 7511 Units/Div switch to 100. Set the Nor-
malizer Head Units/Div Muitiplier to X1 and the Units
switch to Volts.

¢. Set the 7711 Sweep Range switch to 50 ms and the
Time/Div switch to B ms. Set the Stability control fully
clockwise and the Trig Level control for a free-running dis-

play.

d. Adiust the Memory Gate Width control, R460, for
maximum vertical separation between traces. See Fig. 6-7
for control location.

2. Set the DOT RESPONSE control at electrical mid-
range; turn the control fully clockwise, note separation,
turn control fully counterclockwise and note separation.
Average the two noted separations and set the DOT
RESPONSE for the average separation. (The knob dot
should be at 12 o'clock setting.}

f. Adjust Memory Gain control C275 for b divisions of
vertical separation between traces.

g. Remove the Normatizer Head. Install the Type 5-1
Sampling Head.

5. Adjust Memory Gate Width (R460) (1]
and Memory Gain {C275) With Sampling
Head

a. Connect the B0 £2 Amplitude Calibrator Qutput to.the
Sampling Head input connector through a 50 £ GR 874
coaxial cable and variable attenuator. Set the Volts switch
to 1.2,

b, Set the 7811 Units/Div switch to 100. Set the 7711
Sweep Range to b ms, the Time/Div switch to 0.5 ms, the
Stability control fully clockwise and the Trig Level control
for a free-running display.

c. Set the variable attenuator for an applied signal ampli-
tude of & divisions. Turning the DOT RESPONSE control
appears as extra lines, see Fig. 6-BA. Set the DOT RE-
SPONSE control at electrical midrange; turn the control
fully clockwise, note separation of the extra lines of dots,
turn control fully counterclockwise and note separation.
Average the two noted separations and set the extra lines of
dots at the average separation with the DOT RESPONSE
control. (Either the top or bottom trace can be used alone
if the extra lines exceed the graticule area in separation by
noting the maximum above and below movement of the
exira lines from one trace and setting the lines at the aver-
age.)

d. Set the 7A13 Volts/Div switch to 100 mV and the BW
switch to Full. Set the 7BB0 Time/Div switch (.1 us, Set

6-8

the 7604 Vertical Mode switch to Left, the Horizontal
Mode switch to B, and the B Trigger Scurce switch to Left
Vert,

e. Connect the 7A13 10X probe 1o test point 230, the
Memory Gate Driver, see Fig. 6-7.

f. Obtain a stable display and center the waveform.
Check that the Memory Gate is between 160 ns and 180 ns
wide at the 50% level, see Fig, 6-8B,

g. Adjust the Memory Gate Width control R460, Fig.
6-7, for a Memory Gate between 160 ns and 180-ns wide at
the 50% amplitude level.

h. Connect the 7A13 10X probe to test point 121, the
Post Amplifier Input, see Fig. -7, and use a short ground
tead (Tektronix Part No. 175-0248-00} to minimize ringing,
Set the 7A13 Volts/Div switch to 10 mV,

i. Connect a 1X probe from the 7850 Ext Trig In con-
nector to test point 230 and push the Ext Triggering Source
switch.

j. Remove 0404, see Fig. 6-7, and obtain a stable,
double-triggered display in such a manner that there are
two, most defined, waveform traces, one positive and one
negative, as shown in Fig. 6-8C, If not, change the real-time
oscillator frequency by adjusting R415.

k. Set the variable attenuator at the Sampling Head
input connector for a display 400 mV peak to peak (200
mV peak to peak if not a Type $-1 Sampling Head}, ignore
ringing, and use a vertical graticule line to check the ampli-
tude, about 80 ns to 100 ns from the start of ringing. See
Fig. 6-8C.

1. Set the 7504 Vertical Mode switch to Right and the
Horizontal Mode switch to A. Check that the bright traces
are B divisions apart.

m, Adjust the Memory Gain control C278, see Fig. 6-7,
for 5 divisions separation {2.5 divisions if nét a Type 5-1},
similar to Fig. 6-8A.

n. Remove the probes and install Q404. See Step 13 for
R415 adjustment.
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Fig.. 6-7. Test points and adjustments, steps 4 through 13,

6. Adjust Variable Balance (R305) and O
Smoothing Balance {R245)

a. Remove Q262 and Q266, then short test point 264 to
ground with a patch cord., See Fig. 6-7.

b. Release the VARIABLE Units/Div controf and rotate
the control throughout its range. Check that the trace
maoves no more than 0.2 division vertically,

@

c. Adjust Variable Bal control R305 for minimum trace
shift as the VARIABLE control is rotated throughout its
range. See Fig, 6-7 for location of control.

d. Return the VARIABLE control to the CAL IN posi-
tion. Remove the patch cord and install transistors Q262
and 0266. :

e, Push the SMOOTH switch in and check for no trace
movement.
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l III 80 ns b

H

;

C. Post Amplifier Input, test point 121, 0404 removed, ampli--
tude set with variable attenuator,

f. Adjust Smoothing Bal control R245 for no trace )
movement when either the NORMAL or SMOOTH switch
is pushed. :

g. Push in the NORMAL switch. Disconnect the variable
attenuator and cable at the sampling head input connector.

7. Check Deflection Factor Accuracies,
Variable Contro! Range and Adjust GAIN

a. Set the 7511 Units/Div switch to 100 and apply 0.6
volts from the 50 £ Amplitude Calibrator to the sampling
head input connector through a 50 0 coaxial cable and
connect a coaxial cable from the Amplitude Calibrator
Trigger Output connector to the 7T11 Trig Input connec-
tor.

b. Push the 7T11 Ext 50 £ 2 V Max switch, set the
Sweep Range switch 1o 50 us and the Time/Div switch to 5
ts. Obtain a stable display with the Trig Level control.

c. Adjust the front panet GAIN control for a display

* amplitude of 6 divisions.

Normal range of the GAIN control is from 6.4 divisions,
control fully clockwise, to 5.6 divisions, control fully
counterclockwise {minimum range).

d. Check all positions of the attenuator switch, as listed
in Table 6-1, for a 6 division display amplitude within a
tolerance of 20.18 division.

TABLE 6-1
Units/Div 50 2 Amplitude
Calibrator

200 12V
160 BY
50 3V

20 A2V

10 RIGAY

5 o3V

2 012v

Fig. 6-8. Memory Gate Width and Memary Ga.in adjustments with
sampling head,
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NOTE

Record deflections in each case, If one range is above
tolerance, GAIN can be reduced to bring all ranges
within tolerance without need for checking the Feed-
back Attenuator resistor values.

e. Set the Units/Div switch to 200 and the 50 £ Ampli-

tude Calibrator to 0.8 volts, Display amplitude is 3 divi-
sions.



f. Push the VARIABLE control to release it from the
CAL IN position. Turn the VARIABLE control fully
counterclockwise and check the display amplitude for 1.5
divisions or less.

g. Turn the VARIABLE control fully clockwise and
check the display amplitude for 7.5 divisions or more.

h. Beturn the VARIABLE control to the CAL IN posi-
tion.

8. Check Memory Overdrive Recovery

a. Set the 50 £ Amplitude Catibrator Qutpui Volts 1o
0.03 and the 7511 Units/Div switch to 10. Set the 7711
Stability control fully clockwise and adjust the Trig Level
control for a free running display.

b. Set the DOT RESPONSE control so the display con-
sists of two continuous lines 3 divisions apart {indication of
unity loop gain).

¢. Set the 50 2 Amplitude Calibrator Quiput Volts to
0.3 and position the botiom of the display on the graticule
with the DC OFFSET control.

d. Observe that the continuous line may become two
lines, indicating that the toop gain has changed.

e. Check that the separation does not exceed 1 division.

9. Check Vertical Signal Out

a. Set the 7511 Units/Div switch to 100 and set the 50
£ Amplitude Calibrator Volts switch to 0.6.

b. Set the 7504 Vertical Mode switch to Left and the
Horizontal Mode switch to B. Set the 7B50 Time/Div
switch to B ms, Set the 7A13 controls as follows:

Comparison Voltage +

+ Input DC
Volts/Div 20 mV
—Input Ve

RN {internal switch §10) o

¢. Connect the 1X probe from the 7A13 +input to the
7511 VERT SIG OUT jack. Position the bottom of the
signal at the center of the graticule with the 7S11 DC OFF-
SET control.

d. Set the 7A13 Comparison Voltage so the positive por-

tion of the display (top of the square wave) is at the center
of the graticule.

&

Performance Check/Calibration—7811

e. Check that the Comparison Voltage is 1.2 volts 12%
{1.176 to 1.224}, which is 200 mV per division of disptay
amplitude.

f. Disconnect the probe. Set the TA13 —Input switch to
GND.

10. Check Vertical Gain Change in SMOOTH

a. Set the 75604 Vertical Mode switch to Right and the
Horizontal Mode switch 1o A,

b. Use the 660 mV from the 50 {2 Amplitude Calibrator
at the 100 Units/Div switch setting from the preceding step.

c. Push the SMOOTH switch.

d. Check that the peak amplitude does not decrease
more than 3% (0.2 division of the 6 division display}.
ignore any rolloff at the leading portion of the display.

if the display amplitude changes more than minus 3%,
the Memory amplifier internal gain (open loop gain} is
lower than it should be. Check R248 and/or transistors

0242, Q252 and Q256.

e. Reset the NORMAL switch. Disconnect the input
signal and trigger signal.

11. Check Memory Slash

a. Set the 7T11 Stability controt fully clockwise and the
Trigger Level control for a free-running trace.

b. Turn the Trigger Level control counterclockwise to
stop triggering. The trace will blank for about 3 seconds,
then unblank; observe the dot vertical movement.

¢. Check that the dot movement in the vertical direction
does not exceed 2 divisions in 1 second {count one thou-
sand and one).

PERFORMANCE CHECK ONLY .

- The remainder of the procedure requires access to
internal test points and controls and s therefore part
of the Calibration Procedure only.
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12. Check Delay

a. Set the 7504 Vertical Mode switch to Left and the
Horizontal Mode switch to B, Connect the 1X probe at the
7850 Ext Trig In connector.

b. Set the 7A13 +input to AC and the Volts/Div switch
to 0.1 V. Connect the 10X probe at the +input and the
probe tip to test point 230, Memory Gate Driver.

c. Set the 7T11 in a real time mode {SWEEP RANGE
switch in .b ms; 5ms or 50 ms position}. Connect the 1X
probe to the collector of Q422 (7511).

d. Set the 7B50 Time/Div switch to 0.05 us and Trigger-
ing Source switch to Ext. Obtain a stable display, then push
the Magnifier X 10 switch. Observe the falling portion of the
Memory Gate signal; the horizontal position is affected by
the Triggering Level/Slope control.

e. Turn the 7511 DELAY control fully counterclockwise
and check that the falling portion moves to the right at
least 10 ns. See Fig. 6-9.

. Disconnect the probes. Install 0404,

13. Check/Adjust Real Time Sampling ¢
(R415)

a. Set the 7A13 Volts/Div switch to 0.2 V, the 7B50
Triggering Source switch to Int, and the Time/Div switch to
10 us.

b. Connect the 7A13 10X probe to test point 230, see
Fig. 6-7.

Fig. 6-9. Delay control range check.
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c. Obtain a stable display and check that the repetition
rate is 47.5 kHz =10%, displaved as a period of 19 us to 23
us, measured between pulse group centers, See Fig. 6-10A.

d. Adjust Rep Rate control R415 for a period between
19 us and 23 us. See Fig. 6-7 for location. See NOTE in
Real Time Sampling on page 2-7 regarding this adjustment
for Type 5-56 Sampling Head use.

e. Change the 7B50 Time/Div to 2 us. Align the second
pulse at the center graticule line with the Variable Time/Div
control,

f. Check that the FM deviation is within 5% and 15% of
the repetition rate, determined by measuring the width of
the pulses at graticule center and dividing by 5 divisions.
See Fig. 6-108,

g. Set the 7B50 Variable Time/Div control to Calibrated
and set the Time/Div switch to 1 ms.

h. Piace the 10X probe tip at the emitter of (Q408.
QObtain a stable display.

i. Check that the FM rate is between 120 Mz and 440
Mz, displayed as a period between 8.3 ms and 2.3 ms. See
Fig. 6-10C.

i- Remove the probe tip.

14. Check DL Offset and Adjust Position (R325)

a. Set the 7504 Vertical Mode switch to Right and the
Horizontal Mode switch to A.

b. Set the 7511 Units/Div switch to 100, Connect the 50
€2 Amplitude Calibrator Quiput to the sampling head input
connector through a 50 £ coaxial cable. Set the Volis
switch to 0.3. Connect the Trigger Output to the 7711 Trig
input connector through a 50 £) coaxial cable and BNC to
3 mm adapter.

c. Set the 7711 Sweep Range switch to 50 us and the
Time/Div switch to b us. Set the Trig L.evel control for a
stable display.

d. Set the 7504 Vertical Mode switch to Chop. Set the
7A13 Comparison Voltage to 0000, Volts/Div switch to
50 mV, +Input switch to DC, —Input to Ve. The By is
infinite {internal switch S10). Connect the 1X probe to the
+input, Connect the probe tip 1o the 7511 OFFSET QUT

B
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C. FM rate using 0408 emitter waveform.

Fig. 6-16. Real-time sampling checks.

jack. Set the 7811 DC OFFSET control for zero volts out;
positon the trace at graticule center.

@®
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e, Adjust Position control R325, shown in Fig. 6-11, to
move the top of the displayed 7511 signal to the center of
the graticule,

£. Set the 7511 Units/Div switch to 5 and use the Posi-
tion control to again set the top of the displayed signal to
the center of the graticule.

g. Turn the DC OFFSET control clockwise until the
hottom of the 7511 signal is displayed at the center of the
graticule.

h. Measure the OFFSET OUT wvoltage. Set the 7A13
Comparison Voltage Fine control to return the trace to the
center of the graticule. OFFSET OUT voltage must be 2.94
10 3.06 volts (3 volts £2%]).

i. Set the BC OFFSET control fully clockwise and check
that the OFFSET DQUT voltage is at least minus 10 volts.

i. Set the 7A13 Comparison Voliage to +, turn the 7511
DC OFFSET control fully counterclockwise, and cheack for
at least plus 10 volis at the OFFSET OUT jack.

k. Disconnect the square wave signal.

I, Set the 7511 Units/Div switch to 200 and set the 7T 11
Stability control fully clockwise for a free-running trace.

Fig. 6-11. Control and test point locations (7811 right side) for DC
OFFSET and real-time trigger checks,
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m. Set the DC OFFSET control for zero volts at the
OFFSET QUT jack. Set the Positon control, R325, so the
trace is 3 divisions below the center graticule line.

n. Turn the DC OFFSET control fully clockwise and
check that the trace moves at least b divisions upward.

o. Reset the DC OFFSET control for zero volts at the
OFFSET OUT jack. Set the Position control, R325, so the

trace is 3 divisions above the center graticule line,

p. Turn the DC OFFSET control fully counterclockwise
and check that the trace moves at least & divisions down-
ward. :

¢. Reset the DC OFFSET control for zero volts at the
OFFSET OUT jack.

r. Adjust the Position control so the trace is at the center
graticule line.

Normal centering range of the Position control is at least
+3 divisions 1o —3 divisions from graticule center.

s. Disconnect the 1X probe tip. Set the 7504 Vertical
Mode switch to Right.

6-14

15. Check Real-Time Trigger Amplifier Cutput

a. Connect the 50 £2 Amplitude Calibrator Output to the
sampling head input connector through a 50 £} coaxial
cable.

b. Turn the Stability control fully counterclockwise and
set the Trig Level control for a stable display.

¢. Set the 50 {2 Amplitude Calibrator Volts switch to
0.12 and the 7S11 Units/Div switch to 20.

d. Set the 7504 Vertical Mode switch fo Left, the TA13
—input to GND, and Ry (510 internal) to 1 ME2.

e. Measure the signal amplitude at +Trigger and —Trigger
pins with the 1X probe and add the two amplitudes. See
Fig. 6-11.

f. Check that the differential amplitude is 300 mV
£10%.

g. Disconnect the square wave signal and the 1X probe.
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Section 7—7811

REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your locai Tektronix, Inc. Field Office
or representative.

Changes to Tekironix instruments are sometimes made 1o accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering depariment. it is therefore important, when
ordering parts, 10 mciude the loliowing information in your order: Part number, instrument
type or number, serigl number, and modification number if applicable.

if a part you have ordered has been replaced with a new or improved part, your local
Tektronix, Inc. Field Office or representative will contact you concerning any change in part
number.

Change information, if any, is located a! the rear of this manual

SPECIAL NOTES AND SYMBOLS
Xg00 Part first added a&t this serial nymber

0GX Part removed after this serial number

ITEM NAME

In the Parts List, an ltem Name is separated from the description by a colon (2).
Because of space Hmiations, an ltem Name may sometimes appear as incomplete For
further item Name identification, the U).S. Federal Cataloging Handbook H6-1 can be
utilized where possible.

ABBREVIATIONS
ACTR ACTUATOR PLSTC PLASTIC
ASSY ASSEMBLY Qrz QUARTZ
cap CAPACITOR RECP RECEPTACLE
CER CERAMIC RES RESISTOR
CKT CIRCUIT RF RADIO FREQUENCY
CcoMP COMPOSITION SEL SELECTED
CONN CONNECTOR SEMICOND  SEMICONDUCTOR
ELCTLT  ELECTROLYTIC SENS SENSITIVE
ELEC ELECTRICAL VAR VARIABLE
INCAND  INCANDESCENT ww WIREWOUND
LED LIGHT EMITTING DIODE XFMR TRANSFORMER

NONWIR  NON WIREWOUND XTAL CRYSTAL



Replageable Electrical Parts - 7511

CROSS INDEX - MFR. CODE NUMBER TO MANUFACTURER

Mfr.
Code Manufacturer Address City, State, Zip Code
Q0853 SANGAMD WESTON INC SANGAMO RD PICKENS SC 29671-8716
COMPONENTS DIV PO BOX 128
0izl ALLEN-BRADLEY CO 1201 S 2ND SY MILWAUKEE W1 53204-241G
03508 GENERAEL ELECTRIC CO W GENESEE ST AUBURK NY 13021
SEMI-CONDUCTOR PRODUCTS DEPT
04222 AVX CERAMICS 19TH AVE SOUTH MYRTLE BEACH SC 20577
DIV OF AVX CORP P O BOX 867
04713 MOTOROLA INC 5005 £ MCDOWELL RD PHOENIX AZ 85008-4228
SEMICONDUCTOR PRODUCTS SECTOR
05347 UNION CARBIDE CORP 11801 MADISON AVE CLEVELAND OH 44101
MATERIALS SYSTEMS DIV
07263 FAIRCHILD SEMICONDUCTOR CORP 10400 RIDGEVIEW CT CUPERTIND CA 95014
NORTH AMERICAN SALES .
SUB OF SCHILUMBERGER LTD MS 118
07718 TRW INC 2850 MT PLEASANT AVE BURLINGTON [A 52601
TRW JRC FIXED RESISTORS/BURLINGTON
12697 LAROSTAT MFG CO INC LOWER WASHINGTON ST DOVER NH 03820
13558 TRW CYLINDRICAL CONNECTOR 8821 SCIENCE CENTER DRIVE MIMNEAPCLIS MN 55428-361%
DIV OF TRW INC
14433 177 SEMICONDUCTORS DIV WEST PALM BEACH FL
19701 MEPCO/CENTRALAR FO BOX 760 MINERAL WELLS TX 76067-C760
A WORTH MMERICAN PHILIPS CG
MINERAL WELLS AIRPORT
22229 SOLITRON DEVICES INC 8808 BALBOA AVE SAN DIEGD CA 97123
SEMICONDUCTOR GROUP SAN DIEGOD CPERS
23880 STANFORD APPLIED ENGINEERING ING 340 MARTIN AVE SANTA CLARA CA S5050-3112
24546 CORNING BLASS WORKS 550 HIGH ST BRADFORD PA 16701-3737
24831 SPECIALTY CONNECTOR CC INC 2100 EARLYWDOD DR FRANKLIN IN 45131
PO BOX 547
32097 BOURNS INC 1200 COLUMBIA AVE RIVERSIDE CA $2507-2114
TRIMPCY DIV
33095 SPECTRUM CONTRDL INC 2185 W WEIGHT ST ERIE PA 16505
52783 STETCO INC 3344 SCHIERHORN FRANKLIN PARK IL 80131
57668 ROHM CORP 8 WHATNEY IRVINE CA 92713
PO BOX 18515
S88h4 STE PRODUCTS CORP B0 BOSTON ST SALEM MA 01870-2147
LIGHTING PRODUCTS GROUP
59680 TUSORIX INC 7741 N BUSINESS PARK DR TUCSON AZ 85740-7144
PO BOX 37144
58821 MEPCO/CENTRALAR 7158 MERCHANT AVE Bl PASG TX 79815-1207
A NORTH AMERICAN PHILIPS CO
71595 MEPCO/CENTRALAB INC HiY 20 W FORT DODGE IA 50501
A NORTH AMERICAN PHILIPS CO PO BOX 858
71744 GENERAL TNSTRUMENT CORP 4433 N RAVENSWOOD AVE CHICARD IL BOB40-58UZ
LAMP DIV/WORLD WIDE/
73138 BECKMAN INDUSTRIAL CORP 4141 PALM 5T FULLERTON CA 82635
BECKMAN ELECTRONIC TECHNOLOGIES
SUB DF EMERSCN ELECTRIC N
75854 DAK SWITCH SYSTEMS INC 100 S MAIN 57 CRYSTAL LAKE 1L 60014-6201
AN CAK INDUSTRIES INC CO PO BOX 517
80008 TEKTRONIX INC 14150 SW KARL BRAUN DR BEAVERTON OR 97077-0001
PC BOX 500
88231 SEALECTRO CORP 40 LINDEMAN DR TURNBULL CT (6811-4739
BICC ELECTRONICS
TKOS61  NEC ELECTRONICS USA INC 401 ELLIS ST MOUNTAIN VIEW CA 94039
ELECTRON DIV PO BOX 7241
TK1345  ZMAN AND ASSOCIATES 7633 § 180TH KENT WA 88032
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Tektronix  Serial/Assembly No. Hfr.
Campanent No. Part No. Effective  Dscont Name & Description Code  Mfr. Part No.
T AL 670-1088-00 BCLOIO0D B109%99 CIRCUIT BD ASSY:VERTICAL 80008 670-1088-00
Al 670-1088-01  B110000 CIRCUIT BD ASSY:VERTICAL 80002 £70-1088-01
A2 670-1085-00 BO10100 B0499SS CIRCUIT BD ASSY:INTER CHANNEL CONTROL 8000 £70-1089-00
AZ 670-1083-01  BOSGO00 BC7099G CIRCUIT BD ASSY:INTER CHANNEL CONTROL | 80008 670-1089-01
Jive 670~1088-02 BOZ0000 BOS939S CIRCUIT BD ASSY:INTER CHANNEL CONTROL 80008  670-1089-02
A2 670-1085-03  B10GO0OD B119593 CIRCUIT BD ASSY:INTER CHANNEL CONTROL 8000%  670-1088-03
A? 670-1089-04 B120000 Bi3B354 CIRCUIT BD ASSY:INTERCHANNEL CONTROL 80008 670-1089-04
Az G70-1088-05 B135355 CIRCUIT BD ASSY:INTERCHANNEL CONTROL 80008 670-1088-05
A3 670-1090-00 BO10100 Blz999s CIRCUIT BD ASSY:INTERFACE 80008 §70-1080-00
A3 670~1090-01  BO3C000 BO3999S CIRCUIT BD ASSY:INTERFACE 80008 870-1090-01
A3 670-1080-02 BO46000 BG7939% CIRCUIT BD ASSY:INTERFACE 80008 670-1080-02
A2 670-1080-03  BOSLCOO B029999 CIRCUIT BD ASSY:INTCRFACE 80008 67C-109C-03
A3 670-1090-04  B10000O CTRCUIT BD ASSY:INTERFACE 80008 670-1090-04
Ad £70-1148-00 BOLCLOD B019999 CIRCUIT BD ASSY:+LP-INVERT SW 800098 670-1148-00
A4 670-1148-01 B020000 CIRCUIT BD ASSY:+UP~INVERT SW 80009 £70-1148-01
AS 670-1149-00 BO10100 B01999S CIRCUIT BD ASSY:NORMAL-SMOOTH SW 80008 670-1145-00
AB 670-1148-01  BO20000 CIRCUIT BD ASSY:NORMAL-SMOOTH SW 80008 670-1149-01
AB 870-1165-00 CIRCUIT BD ASSY:COMMUTATOR SW MOVING 80009  670-1185-00

{NO ELECTRICAL PARTS)

A7 870-1166-00 CIRCUIT BD ASSY:COMMUTATOR SW FIXED 80009  670-1186-00
{NO ELECTRICAL PARTS)

Al B70-1088-00 B010100 B109299 CIRCUIT BD-ASSY:VERTICAL 80009  670-1088-00

Al 570-1088-01  B110G00 CIRCULT BD ASSY:VERTICAL 80009 B70-1088-01
A1C120 283-0058-00 CAP,FXD,CER BI:31UF +80-20%, 50V 04222 SR305C10ZMAA
AlCiz7 283~0051-00 CAP,FXD,CER DI:0.0033UF, B%, 100V 04222 SR301A332JAA
ALC134 283-0058-00 CAP,FXD,CER DI:1UF,+80-20%, 50V 04222 SR30SCI0MAA
AlCi3e 283-0000-00 CAP FXD,CER DI:C,O01UF,+100-0%, 500V 58660  B831-B10-Y5U0102P
ALC160 283-0026-00 CAP,FXD,CER DI:0.2UF ,+80~20%, 25V 04222 SRI0SCEZOAMAA
A1CiEl 283-0069-00 CAP,FXD,CER DI:1UF, +80-20%, 50V 04222  SRIDSCIOBMAA
A1C166 283-0000-00 CAP,FXD,CER DI:0.001UF,+100-0%, 500V 58660 831-610-Y5U0102P
ALC201 283-0059-00 CAP,FXD,CER DI:1UF,+80-20%, 50V 04222  SR3CLCLOSMAA
A1C216 283-0059-00 CAP,FXD,CER DI:1UF,+80-20%, 50V 04222  SR30SCIOZMAA
ALC218 283-0032-00 CAP,FXD,CER DI:470PF, 5%, 500V 59660  831~000-Z5E0471J
AlCzel 283-0059-00 CAP,FXD,CER DI:1UF, +80-20%, 50V 04222 SR30SCIOBMAA
AiCz3a 283-0053-00 CAP,FXD,CER DI:1UF,+B80-20%, 50V 04222 . SR30BCI0NEMAA
41239 283-0594-00 CAP FXD,MICA DI:0.001UF, 1%, 100V 00853 DI1SIFLO2FC
AlC245 283-0023-00 CAP,FXD,CER BI.0.1UF,+80-20%, 12V 71580  2DDUSBB104Z
AlC256 281-0579-00 CAP,FXD,CER D1.21PF, 5%, 500V 52763  2ROPLZDO7 21P0JC
AlCZ61 283-0052-00 CAP,FXD,CER DI:14UF,+80-20%, 50v 04222 SR305CI0DMPA
ALCZE7 283~0053-00 CAP,FXD,CER DI:1UF,+80-20%, 50V 04222 SR3DECIOSMAA
ALCRES 283-0103-00 CAP,FXD,CER DI:18CPF,5%, 500V 59821  2DDH73L181J
ALCZ72 283-0026-00  BOLCIOO B109989 CAP, FXD,CER DI:0.2UF +80-20%, 25V 04222 SR305CZ04MAA
ALC272 283-0110-00 B110000 CAP,FXD,CER D1:0.00BUF, +80-20%, 150V 59660  855-547-E-502Z
AlCZT4 283-0026-0G  BOIOLOC B10&Ssa CAP, FX0,CER DI:0.2UF, +80-20%, 25V 04222 SR305C204MAA
A1C274 783-0110-00 B1100GC (AP FXD,CER DI:(0.GUBUF,+80-20%, 150V 59660  855-547-E-5027
ALC275 281-0082-00 CAP, VAR, CER DI:$-35PF, 200V 33095  B3-717-001 D9-35
ALCZ75 283-0600-00 CAP,FXD,MICA DI:43PF, 5%, 5008 00853 DI05E43000
A1C341 283-0060-00 CAP,FXD,CER DI:100PF 5%, 200V 59660  855-535U2J101J
ALCE02 283-0004-C0 CAP,FXD,CER DI:0.02UF, +80-20%, 150V 50660 B55-55875V0203Z
ALCE03 290-0134-00 CAP,FXD, ELCTLY: 22UF, 20%, 15V 05397  T110B228M01BAS
A1C604 290-0134-00 CAP,FXD, ELCTLT : 22UF , 20%, 15V 05397  T110B226MD1EAS
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Replaceable Electrical Paris - 7511

Tektronix  Serial/Asserbiy No. Mfr. .

Camponent No. Part No. Effective  Dscont Name & Description Coe  Wfr. Part No.
ALCB0S 283-0058-00 CAP,FXD,CER DI:1UF,+80-20%, 50¢ 04222 SR3DECIOGMAA
A1CB08 283-0052-00 Cap FXB,CER DI:IUF +80-20%, 50V (4222 SR30OEC1OSMAA
A1CB07 290-0134-00 CAP,FXD, ELCTLT . 22UF, 20%, 15V 05397  T110B226MD15AS
10808 2980-0134-00 CAP,FXD,ELCTLT 22UF, 20%, 15V 05397  T110B226MOL5AS
AICE0S 283-0058-00 CAP,FXD,CER DI: 1UF,+80-20%, 50V 04222 SR3I0DSC105MAA
AR1CR128 152-0141-02 SEMICOND DVC,DI:SW,S1,30V,150MA, 30V, 00-35 03508  DAZS27 (1N4152)
A1CR201 152-0141-02 SEMICOND DVC,DI:SW,SI,30V,150MA,30V,D0-35 03508  DAZ527 (1N4152)
A1CR208 152-0141-02 SEMICOND DVC,DT:SW,SI,30V,150MA, 30V,D0-35 03508 DAZB27 (1N4152)
A1CR224 152-0141-02 SEMICOND DVC,DI:SW,SI,30v,150MA,30V,D0-35 03508  DAZGZT {1NA1BR2)
A1CRZZE 152-0141-02 SEMICOND DVC,DT:SW,SI,30V, 150MA, 30V, D035 03508 DAZ527 {1N4152)
AK1CR232 152-0141-02 SEMICOND DVC,DI:SW,SI,30V,150MA, 30v,D0-35 03508 DAZ527 {1M4152)
A1CRZ38 152-0141-02 SEMICOND DVE,DT:SW,SI,30V, 150MA, 30V,D0-35 03508 DAZ527 {1M4152)
A1CRZ3T 152-0323-40 SEMICOND DVC,DI.SW,SI,35V,0.14,00-7 14433 WG58
ALCRZ38 152-0141-02 SEMICOND DVC,DI:SW,SI,30V,150MA,30V,D0-35 03508  DA2527 {1N4152)
A1CRZ3% 152-0323-60 SEMICOND OVC,DI1:3W,51,35V,D.14,B0-7 14433 WGL518
AlCRzZaz 152-0141-02 SEMICOND DVC,DI:SW,SI,30V,150MA, 30V, D0-35 03508 DA2R27 {1M4152)
ALCR257 152-0141-02 SEMICOND DVC,DI.SW,S1,30V,150MA, 30V, 00-35 03508  DAZ5Z7 {1M4152)
AICRZ25% 152-0141-02 SEMICOND DVC,DI:SW,S1,30v,150MA,30V,D0-35 (03508 DA2527 (1N415Z}
AICR27Z 152-0323-00 SEMICOND DVC,DI:SW,S1,35V,0.1A,00-7 14433 WGL518
ALCR274 152-0323-00 SEMICOND DVC,D1:SW,S1,35V,C.1A,00-7 14433 WGISI8
AICREDE 152-0141-02 SEMICOND DVC,DI:SW,SI,30V, 150MA,30V,D0-35 03508  DA2527 (IN4152)
AiLZ268 120-0402-00 XFMR, TOROID: 80008 120-0402-00
AILBO3 120-0382-00 COIL,RE-210UH, +28%-43%, 14 TURNS 80009  120-0382-00

11604 120-0382-00 COIL,RF: 210UH,+28%-43%, 14 TURNS 80003  120-0382-00
ALLBO7 120-0382-00 COIL,RF: 210UH,+28%-43%, 14 TURNS 80008  120-0382-00
ATLBOB 126-0382-00 COIL,RF: 210UH, +28%-43%, 14 TURNS 80003  120-0382-00
AlQiZ3 151-0192-00 TRANSISTOR:NPN,51,70-92 04713 SPS880L
AlQ128 151-0188-00 TRANSISTOR: PNP, SI,TO-92 80008 151-0188-00
ALQ133 151-01806-00 TRANSISTOR:NPN,ST,T0-82 80008 151-0190-00
AlQ136 151-0188-00 TRANSISTOR: PNP, ST,T0-82 80008  151-0188-00
AL0L183 151-0180-00 TRANSISTOR:NPN,SI,T0-02 80008 151-0190-00
ALGR04 151-0180-00 TRANSISTOR: NPN, ST, T0-92 80008 151-0180-00
A10208 151-0190-00 TRANSISTOR: NPN, ST, T0-02 80008  151-0190-00
AlQzi2 151018000 TRANSISTOR:NPN,SI,T0-02 80008  151-0190-00
AlQ214 151-0188-00 TRANSISTOR:PNP SI,70-02 80008 151-0188-00
AlQzaz 151-1037-0C TRANSISTOR:FET N-CHAN,SI,T0O-71 22223 FD1533
ALQZRZ 151-0261-00 TRANSISTOR:PNP,S1.T0-77 80008 151-0261-DC
A10286 151-0188-00 TRANSISTOR:PNP,SI,T0-82 80008 151-0188-00
AlQesz 151-0190-00 TRANSISTOR:NPN, S1,70-92 80008 151018000
ALQZEG 151-0188-00 TRANSISTOR: PNF,ST,70-02 86008 151-0188-C0
A1G314 151-0192-00 TRANSISTOR:NPN, ST, 70-92 04713  SPS830L
AlQ334 151-0192-00 TRANSISTOR:NPN,SI,T0-92 04713 SPS8801
AlQ344 151-0216-00 TRANSISTOR: PNP,SI,T0-92 04713 SP38803
AlQE54 151-0216-00 TRANSISTOR: PNP,SL,70-92 04713 SPS8BO3
AlQ3gz 151-0216-00 TRANSTSTOR: PNP,SI,T0-92 D4A713  SPS8303
A1Q3E6 151-0216-00 TRANSISTOR: PNP,SI,T0-92 04713 5PS8803
A1Q502 151-0188-00 TRANSISTOR: PNP,SI,T0-92 80008 151-0188-00
A1Q506 151-0180-00 TRANSISTOR:NPK,SI,TC-92 80008  151-019C-00
A10508 151-0188-00 TRANSISTOR: PP, SI,T0~92 80008 151-0188-00
AlQs12 151-0188-00 TRANSTSTOR: PNP, ST, T0-82 80009 151-0188-00
AlQBIG 151-0281-00 TRANSISTOR:NPN, SI,400 MILLIWATTS BOCOY  151-0281-00
A10518 151-0281-00 TRANSISTOR:NPN, SI,400 MILLIWATTS 80008 151-0281-00
AlRI21 3231-00983-00 RES, FXD,FILM:S0.8 OMM,1%,0.1254,TC=T0 18701  SD43EDSORDOF
AlR1Z23 315-0183-00 RES, FXD, FILM: 18K OHM, 5%, 0.25W 19701  S043CX18K00J
AlR125 315-0752-00 RES,FXD, FILM: 7.5K OHM, 5%,0.25W 57668  NTR25J-EC7KS
AlREZT 321-0154-00 RES, FXD, F1LM:392 OHM,1%,C.125W, TC=T0 07716  CEAD392ROF
AlRLZ9 315-0512-00 RES, FXD, FILM: 5. 1K OHM, 5%, 0.25W 57668  NTRR5J-ECSKL
AIRI30 315-0101-00 57668  NTR25J-E 100E

7=4

RES FXD, FILM: 100 OHM, 5%, 0.25¢
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Comonent No. Part No. Effective  Dscont Name & Description Code  Mfr_ Part No.
A1R133 315-0101-00 RES, XD, FILM: 100 OHM, 5%, 0.25¢W 57868  NTRZ25J-E 10CE
AIR1Z4 315-0153-00 RES, FXD,FILM: 15K OHM, 5%, 0. 25¢ 19701 HO43CKI5K00J
AIR135 315-0153-00 RES,FXD, FILM: 15K OHM, 5%, 0.25¢ 19701 5043CX15K00J
AIR13E 315-0101-00 RES, FXD,FILM: 100 ORM,5%,0.25¢ 57668  NTRZ5J-E 10CE
AlR1Z7 315-0101-G0 RES, FXD, FILM: 100 OHM, 5%, 0.25u 57868 NTR2BJ-E 10CE
AIRIZR 321-0263-00 RES, FXD, FILM:5.36K OMHM, 1%,0. 125W, TC=T0 07716  CEADS3B00OF
AlR1BL 315-0101-00 RES, FXD, FILM: 100 OHM,5%,0.25¢ L7668  NTR2BJ-E 10CE
AIR1B2 315-0101-00 RES,FXD,FILM: 100 OHM,5%,0.25¢ 57868  NTRZ5J-E 10CE
AIRLE3 315-0123-00 RES,FXD, FILM: 12K OHM,5%,0.25W 57668  NTRZAJ-ELZKO
AIRIBS 321-0316-00 RES,FXD, FILM: 19, 1K OMM, 1%,0. 125W, TC=T0 07716 CEADISLOIF
AiR1EBB 321-0285-00 RES,FXD,FILM: 10.0K OHM, 1%,0, 1250, TC=T0 18701 BU33EDIOKOF
ALR202 321-0391-00 RES, FXD,FILM: 115K OmM, 1%,0.1254, TC=TQ 07716 CEADIIS0ZF
ALRZ04 315-0183-00 RES,FXD,FILM: 18K OHM,5%,0.25¢ 19701 BUA3CXIBKOGS
AIRZOG 315-0122-00 RES, FXD, FILM: 1. 2K OHM, 5%, 0. 25W 57668  NTRZ5J-ECIRKZ
ALRZQ7 315-0101-00 RES,FXD, FILM: 100D OHM, 5%, 0.254W 57668  NIR2SJ-E 100E
AlR2Z08 315-6512-00 RES,FXD,FILM:5, 1K OHM,5%,0.254 57668  NTR2LJ-EQSKI
AIRZ209 321-0306-00 RES,FXD,FILM:15,0K OB, 1%,0.1250, TC=T0 18701 BO33ERISJO0F
AlLRZ11 315-0101-00 RES,FXD,FILM: 100 OHM,5%,0.25W 57668 NTR2BJ-E 100E
ALRZ13 215-0101-00 RES,FXD,FILM: 100 OHM,5%,0.25¢ 57668  NTR25J-E 100E
AlRZ14 315-6220-00 RES,FXD,FILM: 22 ORM, 5%,0.25¢ 19701 BO43CKZ22R00J
AlRZ18 315-4752-00 RES,FXD,F1EM:7 5K OHM, 5%, 0. 254 57668  NTR25J-EO07K5
ALRZ18 315-0752-00 RES,FXD,FTLM: 7. 5K OHM, 5%, 0. 254 57668  NIR25I-LO7KB
AlR218 315-0101-00 RES, FXD,FILM: 100 OHM, 5%, 0.254 57668  NTRZ5J-E 100
AlRzZ21 321-0245-00 RES,FXD, F1LM: 348K DHY, 1%,0.125W, TC=T0 19701 5033E03K48F
AlR222 321-0245-00 RES,FAD,FILM:3, 48K OHM, 1%,0. 125, TC=TO 18701 5033ED3K48F
AlRZ24 321-0231-00 RES,FXD,FILM:2. 49K OHM, 1%,0. 125, TC=TO 18701  S033ED2KASF
AIRZZ6 321-0231-00 RES, FXD,FILM:2. 49K OHM, 1%,0.125W, TC=T0 18701 B033EDZKASF
AIR228 315-0302-00 RES, FXD, FILM: 1K OHM, 5%,0.25¢ R766R  NTR25JEQRIKC
AlRZ3% 315-0102-00 RES, FXD, FILM: 1K OHM, 5%,0.25¢ 57688  NTR2S5JECIKD
A1R234 315-0100-00 RES,FXD,FILM: 10 OHM, 5%, 0.25d 18701 BO43CX1C0RROOJ
A1RZ238 317-0510-00  BI10GOO RES, FXD, CMPSK: 51 OHM,5%,0. 1250 Q1121 BBLLOS
AlR242 321-0328-00 RES, FXD, FILM:25.5K OHM, 1%,0.125W, TC=T0 18708 5043EDZEKBOF
AlR244 315-0432-00 RES, FXD, FILM:4, 3K OHM¥, 5%,0.254 57668  NTRZHJ-L04K3
ALRZAS 311-0732-00 BO1010D B0E0S8S RES, VAR, NONwh : TRMR, 1K OHM, 0. 5W 0121 sviot
AlRZ4S 311-1263-00 BOBOS7O RES, VAR, NONWW : 1K OHM, 10%,0. 500 32997  3320P-L58-102
AIRZ46 315-0432-00 RES,FXD,FILM:4 3K OHM, 5%,0.25W 57668  NTRZHJ-EO4AK3
AIR2AG 315-0106-00 RES, FXD, FILM: 10M ORHM,5%,0.25¢ 01121 CBiOGS
AlRZE3 315-0101-00 RES,FXD, FTLM: 100 OHM,5%,0.25¢ 57668  NTR25J-E 100
AlRZ57 315-0241-00 RES,FXD, FILM: 240 OHM, 5%, 0.25¢ 19701 5043CX240R0J
AIRZ58 315-0241-00 RES, FXD, FILM: 240 OHM,5%,0.25¢ 19701 50430X240R0J
ATRZ58 315-0243-00 RES,FXD, FILM: 24K OHM, 5%, 0.25W 57668  NTRZ5J-E24K0
AIRZ6L 315-0101-00 RES,FXD,FILM: 100 OHM, 5%, 0.254 576688  NTR25J-E 10CE
ALIRZB4 315-0101-00 RES,FXD, FILM: 100 OHM,5%,0.254 57668  NTR25J-E 100E
AIRZ66 315-0101-00 RES,FXD, F1LM: 100 GHM,5%,0.25W 57668  NTRZ5J-E 100E
AlR267 315-0101-00 RES,FXD, FILM: 100 ORM,5%,0.250 57668  NTR2AI-L 100%
ALRZE8 321-0745-03 RES, FXD, FILM:25.05K OHM,0.125%,0. 125, TC=T2 19701  5033RCE5K05
AlRZEG 321-1310-03 RES,FXD,FILM: 18, 7K OHM,0.25%,0. 125, TC=T2 19701 BO33RCLBKTZC
AlR271 321-0360-00 RES, FXD,FILM:54.9K OHM, 1%,0.125W,TC=T0 19701 5033EDB4KSOF
AIRZT2 321-0283-00 RES,FXD, FILM: 8. 66K OH¥, 1%,0.125W, TC=T0 18701  SO43EDBKEGOF
AlR274 321-0283-00 RES,FRD, FILM:8,66K ORM,1%,0.125W, TC=T0 18701  BO43EDBKESOF
AIRZ7E 321-0360-00 RES, FXD, FILM: 549K OHM, 1%,0. 1254, TC=T0 18701 5033EDL4KI0F
AIR30L 315-0105-00 RES,FXD, FILM:IM OHM 5%, 0. 25W 16701 5043CX1IMC00D
AIR30Z 315-0512-00 RES,FXD, FILM: 5, 1K OMM, 5%,0. 25 57668  NTRZHJ-ZOBKL
AIR303 315-D512-00 RES,FXD,FILM:5.1K OHM, 5%,0.25¢ 57668  NTREHJ-EO5KL
AiR304 315-0105-00 RES, FXD, FILM: 1M OHM, 5%, 0. 250 19701 50430XIM000J
ALR305 311-083i-00 RES, VAR, NONwW : TRMR, 100K ORM, 0.5W 73138 S1-104-0
ALR311 321-0207-00 RES,FXD,FILM: 1. 40K OH4, 1%, 0. 125W, TC=T0 19701 5033EDLIK4A0OF
AlR312 321-0234-00 RES,FXD,FILM: 2 67K OH4, 1%,C. 125W, TC=T0 19701 5033ED2KETF
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! A1R314 321-8194-00 RES,FXD, FILM: 1. 02K OHM, 1%,0. 1250, TC=T0 07716 CEADIOZ00F
AIR316 321-0371-0C RES, FXD, FILM: 71 5K OHM, 1%,0.125W, TC=TG 07716 CEAR71S01F
A1R3L7 321-0372-00 RES,FXD, FIEM:73.2K ORM, 1%,0.125W, TC=TC 07716 CEADT3201F
AIR31S 315-0243-00 RES, FXD, FIEM: 24K OHM, 5%,0., 250 57668  NTR253-E24KD
A1R3Z1 321-0251-00 RES, FXD,FIEM: 4. 02K ORM, 3%, 0. 125W, TC=TC 19701 5033LD4K020F
ALR322 321-0181-00 RES,FXD,FILM:953 OHM,1%,0.125W, TC=T0 07716  CEADSS3ROF
ALR3Z25 311-0883-00 RES, VAR, NONWW: TRMR, 50K OHM,0.54 01121 Sv5031
AIR325 321-01%1-00 RES,FXD,FILM: 953 OHM,1%.0.1254, TC=T0 07716 CEADSS3ROF
A1R332 315-0684-00 RES, FXD, FILM: BBOK OHM,B%,0.25W Dii2t  CBeB4s
ALR334 321-0184-00 RES,FXD, FIEM:1.02K OHM, 1%,0.125W, TC=TC 07716 CEADIO200F
AIR336 321-0371-00 RES,FXD,FILM: 71 .5 OHM, 1%,0. 1250, TC=TO 07716  CEAD71G0IF
ALR337 321-0372-00 RES,FXD,FIEM: 73 2K OHM, 1%,0.125W, TC=TO 07716 CEADY3201F
ALR339 315-0243-00 RES, FXD, FILM: 24K OHM, 5%, 0,250 57668  NTR25J-E24K0
ALR343 321-0238-00 RES,FXD, FIM: 294K OHM, 1%,0. 1254, TC=T0 07716 CEAD2S400F
AIR344 321-0146-00 RES,FXD,FIiM:324 OHM,1%,0.125W, 1C=T0 07716 CEAD324ROF
ALR346 321-0209-00 RES,FXD,F1iM: 1 47K OHM, 1%,0.125W, TC=T0 19701 S033EDIRA7F
ATR353 321-0238-00 RES,FXD,FI1LM:2 94K OHM,1%,0.125W, TC=T0 (7718 CEAD2O4QOF
AIR356 321-0209-00 RES,FXB,FILM: 147K OHM,1%,0.125W, TC=TO 16701 S033EDIK47TF
ALR36Z 321-0222-00 RES,FXD,FILM: 2. 00K OHM, 1%,0. 1254, 7C=T0 18701 5033EDZKOOF
AIR3IBR 321-0251-00 RES,FXD,FILM:4.02K OHM, 1%,0, 125W, TC=T0 19701 S033ED4K020F
AIR36S 321-0251-00 RES,FXD,FILM: 4. 02K OHM, 1%,0.125W, TC=T0 19701 5033ED4K020F
AIRIEBE 321-0222-00 RES,EXD,FILM: 2. 00K GHM,1%,0. 125, TC=T0 18701 5033EDZKO0F
AIR3E6E 321-0150-00 RES,FXD, FILM: 357 OHM,1%,0.1254, TC=TC 07716 CEAD3SSTROF
ALREOE 315-0683-00 RES, FXD,FILM: 68K OHM, 5%, 0.25¢ 57668  NTRZ25J-E6BKG
ALRBO? 315-06104-00 RES,FXD, FI1LM: 100K OMM, 5X,0.25W 57668 NTR25J-E1Q0K
ALREDS i 315-0474-00 RES, FXD, FILM: 470K OHM, 5%, 0. 25W 18701 50430X470K0Js2u
A1R504 i 317-0105-00 RES,FXD,CMPSH: 1¥ OFHM, 5%, 0. 125 01121 BBILOSS
ALRB0R 315-0154-00 RES, FXD, F1LM: 150K OHM, 5%, 0. 254 57668 NTRZ25J-E150K
ALRS0E L 321-0398-00 RES,FXD,FILM: 140K OHM, 1%,0.1254, TC=T0 07716 CEADI4002F
ALRS08 : 321-0373-00 RES,FXD, FILM:75.0K CHM, 1%,0. 125W, TC=T0 19701 BO33EDTHKO0F
ALR500 315~-0105-00 RES,EXD,FILM: IM OHM, 5%, 0. 25W 19701 50430{(1M0O0CJ
ALRBLG 321-0223~00 RES,FXD,FILM:2, 05K OHM, 1%,0. 5250, TC=T0 18701 5033EDZKORF
AIRE16 321-0299-00 RES,FXD,FILM:12.7K OMM,1%,0.125%, TC=T0 19701 5033EDI2KTOF
AlRBL7 321-0348-00 RES, XD, FILM:39 2K OMM, 1%,0. 125, TC=T0 19701 5043ED39K20F
AIRBIS 321-0348-00 RES, FXD, FILM:39.2K OFM, 1%,0. 125, TC=T0 19701 B043ED3SK20F
AlRgoe 315-0101-00 RES, FXD,FILM: 100 OHM,5%,0.25W 57668  NTR2&J-E 100E
ALRBOR 315-0101-00 RES, FXD, FILM: 100 OHM,5%,0.250 57668  NTR253-E 100C
ALRS06 315-0101-00 RES, FXD, FILK: 100 OMM,5%,0.25W 87668  NTR253-E 100E
AIRE 315-0101-00 RES, FXD,FILM: 100 OHM,5%,0.25W 57668  NTR25J-E 100F
ALTZ30 120-0547-00 XFMR, TOROID: TKI345  120-0547-00
ATVRZ2Y 152-0226-00 SEMICONG DVC,DI:ZEN,SI, 5.1V, 5%, 0.4W,D0-7 04713 SZ12262RL
A2 670-108%-00 BO1OIOC 8042999 CIRCUIT BD ASSY:INTER CHANNEL CONTROL 80008 670-1089-00
AZ B70-1089~01 BOSO000 BO7959¢ CIRCUIT BD ASSY:INTER CHANNEL CONTROL 80009  670-1089~01
AZ 670-1088-02 B08QG00 B0A0GoS CIRCUIT BD ASSY:INTER CHANNEL CONTROL 80009  B70-1089-02
A2 670-1088-03 B10000C 81194998 CIRCUIT 8D ASSY:INTER CHANNEL CONTROL 80008 670-1089-03
AZ 670~1088-04 BL2G000 B135354 CIRCHIT BD ASSY:INTERCHANNEL CONTROL 80008  670-1089-04
AZ §70-1089-05 B135355 CIRCUIT BD ASSY:INTERCHANNEL CONTROL 80008 £70-1088-05
AZCLES 283-0026-00 CAP,FXD,CER D1:0.2UF,+80-20%, 25V 04222 SR30SCZOAMAA
AZCACE 283-0059-00 CAP, FXD,CER DT 1UF,+80-20%, 50V 04222 SR3DSC10SMAA
AZC41 283-00685-00 CAP £X0,CER DI1-0.001UF, 5%, 50V 596680  0B35-5S1YARLLI0ZS
AZC4L4 283-0081-00 CAP,FXD,CER DI 0. 1UF,+80-20%, 25V 59821  2DDUBSELGAT
AZCAL8 283-0054-00 CAP,FXD,CER DI 1500F 5%, 200V BO860  855-535 U2J0151d
AZC423 283-0060-00 CAP,FXD,CER DI:100PF,5%, 200V 50660  855-535U2J10L4
AZC4AZ7 283-0060-00 CAP,FXD,CER DI 100RF, 5%, 200V 50860 855-535U2J101J
A2C431 283-0032-00 CAP,FXD,CER DI:470PF, 5%, 500V S0BB0  831-000-Z5E04714
AZ(432 283-0175-00  B100O0COG CAP,FXD,CER DI:10PF, 5%, 200V 05397 (312C100D265CA 8
AZC434 283-0109-00 CAP,#XD,CER D1:27PF, 5%, 100DV 59660  858-5340060270J
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A2C444 283-0032-00 CAP,FXD,CER DI:470PF, 5%, 50OV 59660  831-000-Z5E0471J
AzCa47 283-0115-00 CAP FXD,CER DI:47PF 55,200V 59871 2DDTE0K470J
A2C448 283-0058-00 CAP,FXD,CER DI IUF,+80-20%, S0V (4222 SR305CIOSMAA
AZCABL 283-0032-00 CAP, FXD,CER DI:470PF, 5%, 500V 59660  831-000-Z5E04714
A20457 283-0103-00 CAP, XD, CER DI-180PF,5%,500V £9871  2DDH73L181
A2C460 283-0103-00 CAP,FXD,CER DI:27PF, 57,1000V 59560 858-53400G02700
AZC471 281-0579-00 BOICIO0 BOY9SLY CAP,FXD,CER DI:21PF, 5%, 500V 52763 ZRDPLZCOT7 21ROJC
A2C471 281-0805-00  BLOGOOOC CAP, FXD,CER 1 :200PF, 10%, 500V 58660  301000Y50201K
AZC4T5 283-0080-00 BO1G1O0 BOO2CAG CAP,FXD,CER DI:100PF,5%, 200V 58660  855~535U2J101)
A2C479 283-0060-00  BO10100 B099OGS CAP,FXD,CER DI:100PF, 5%, 200V 58860  855-535U2J101J
AZCB21 283-0058-00 CAP FXD,CER DI:1UF,+80-20%, 50V 04222 SR30SCIOSMAA
A2CE29 280-0134-00 CAP, FXD, ELCTLT : 22UF, 20%, 15V 05397 T110B226MO15AS
AZCB35 283-0058-00 CAP, FXD,CER DI :1UF,+80-20%, 50V 04222  SR30SCIOSMAA
AZCE36 283-0059-00 CAP,FXD,CER D1 :1UF,+80-20%, 50V 04222 SR305CIOSMAA
AZCB37 283-0058-00 CAP,FXD,CER DI:1UF,+B0-20%, 50V 04222  SR305CI05MAA
A2(638 283-0059-00 CAP,7XD,CER DI:1UF,+80-20%, 50V 04222 SR30LCIOSMAA
A2{RA01 182-0141-02 SEMICOND DVC,DI:SW,51,30V,350MA,30v,00-35 (3508  DA2527 (1N4152)
AZCR40Z 152-0141-02 SEMICOND DVC,DI:SW, 51,30V, 150MA,30V,D0-35 (3508  DARE2Y (1N4152)
A2CR403 152-0141-02 SEMICOND DVC,DI:SW,51,30V,150M4,30V,D0-35 (3508 DA2527 (1N4152)
A2CR410 152-0141-02 SEMICOND DVC,D1:5W,S1,30V,150MA,30V,D0-35 (3508 DA2527 (1N4152)
A2CR411 152-0141-02 SEMICONG DVC,DI:SW,$1,30¥,150MA,30V,D0-35 03508 DA2527 (1N4152)
A2CRA13 152-0141-02 SEMICOND OVC,DT:SW,57,30V,150M4,30V,00-35 03508  DA2527 (IN4152)
AZCRALA 152-0141-02 SEMICOND DVC,DI:SW,51,30¥,150M4,30V,00-35 03508 DA2527 (1N4152)
AZCR4Z5 152-0141-02 SEMICOND DVC,DI:SW,S1,30V,150MA,30v,D0-35 (3508  DAR527 (iN4152)
AZCRAZI 152-(141-02 SEMICOND DVC,DI:SW, 51,30V, 150MA,30V,D0-35 03508  DA2527 {IN4L52)
A2CR430 152-0141-02 SEMICOND DVC,DI:SW,S1,30V,150M8,30V,00-35 03508  DA2527 {IN4152}
AZCRA34 152-0141-02 SEMICOND DVC,DT:SW,S7,30V,150M8,30V,D0-35 Q3508 DA2527 (IN4152)
AZCRAL 152-0141-02 SEMICOND DVC,DI:SW,S1,30V,150MA,30v,D0-35 03508 DA2527 (iN4152)
AZCRAGS 152014102 SEMICOND DVC,D1:SW,S1,30V,150M4,30V,00-35 03508  DA2527 (IN41S2)
AZCRAB2 152-0141-02 SEMICOND DVC,DI:SW,SI,30V,150MA,30V,00-35 03508  DA25E7 (IN4152)
A2CR464 152-0141-02 SEMICOND DVC,DI:SW,51,30V,150MA,30V,D0-35 03508  DAZ527 (IN415Z)
AZCRA7L 152-0141-02 SEMICOND DVC,DI:SW,51,30V,150M4,30V,D0-35 03506 DA2527 (1N4152)
A2CR474 152-0141-02 BI00OOGO SEMICOND DVC,DI:SW,.ST,30V,150M8,30V,00-35 03508 DAZ2527 (IN415Z)
A2CRATS 152-0141-02 B135355 SEMICOND DVC,DI:SW,S1,30V,150MA,30V,00-35 03508  DAZ527 (IN415R2)
AZCRATE 152-0141-02 BOI01GO B095953 SEMICOND DVC,DI:SW,51,30V,150MA, 30V, 00-35 (3508  DAZ527 {144152)
A2CRATY 152-0141-02 SEMICOND DVC,DI-SW,SI,30V,150MA, 30V, D0-35 03508  DA2527 (1M4152)
AzCREZ4 152-0141-02 SEMICOND DVC,DI:SW, 57,30V, 150M4,30V,00-35 03508  DA2527 (IN4152)
AZCRE25 152-0141-02 SEMICOND DVC,DI:5W,SI,30V,150MA,30V,00-35 (3508  DA2527 (1N4152)
420404 151-0190-00 TRANSISTOR:NPN, ST, T0-92 80009 151-0180-00
A20408 151-0180-00 TRANSTSTOR:NPN,S1,TG-82 80009  151~0190-00
A20410 151-0180-00 TRANSISTOR:NPN,SI,T0-62 80008 151-0180-00
A2Gaze 151-0188-00 TRANSISTOR: PNP,ST,T0-92 80009 151-0188-00
AZ0Q430 151-0190-00  BO10100 B049393 TRANSISTOR: NPN, ST, TO-92 80008 151-0180-0C
AZ0Q430 151-0268-00  BOSOC00 8029999 TRANSISTOR:NPN,S1,T0-02 TKO961 4163280
AZ0430 151-0441-00 B10COOD TRANSISTOR:NPN,SI,T0-72 04713 SRF501
ARQA5Z 151-0188-00 TRANSISTOR: PNP, 51,7092 80008 151-0188-00
AZ0ASE 151-0190-00 TRANSISTOR:NPN, ST, T0-82 80008 151-0190-00
A2Q44 151-0188-C0 TRANSISTOR:PNP,S1,70-82 80003  151-0188-00
A2Q474 151-0180-CC  BO10LOO B135354 TRANSISTOR:NPN, ST, T0-82 80009 151-0180-00
AZ0474 151-0223-00  B135355 TRANSISTOR: NP, ST, 6254, T0-82 80003 151-0223-00
AZQ478 151-0180-00  §100000 B135354 TRANSISTOR:NPN, ST,70-82 80008 151-0190-00
AZ0476 151-0223-00 B1353%5 TRANSISTOR: NPN, ST, 625M4, T0-92 80009  151-0223-0C
A2Q477 151-0301-00  B10G000D B135354 TRANSISTOR: PNP,ST, TC-18 80003  151-0301-00
A20477 151-0202-00 B135355 TRANSISTOR:PNP,SI,TO-72 04713 552025
AZQ478 151-0180-00 TRANSISTOR:NPN, ST, T0-02 8000 151-0180-00
A2Q624 151-0261-00 TRANSISTOR: PP, 51, TO-77 800G  151-0261-00
420526 151-0134-00 TRANSISTOR:PNP,SI,TO-38 04713 SM3185
AZR1ER 315-0101-00 RES, FXD,FILM: 100 ORM,5%,0.25W 57668  NTR25J-E 10GE
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AZRADL 317-0103-00 RES, FXD, CMPSN: 10K OHM, 5%, 0125% 0121 BB1Q3S

AZRAGY 317-07506-00 RES, FXD,CMPSN: 75 OHM, 5%, 0.125W 01121 8B7505

AZR404 321~-0402-00 RES, FXD, FILM: 150K ORM, 1%, 0. 1254, TE=T0 19701 5033ED150KOF

ACRALO 317-0750-00 RES, FXB,CMPSR: 75 OHM, 5%, 0.125W 01121 BB7S0L

AZRALL 317-0103-00 RES, FXD, CMPSK: 10K ORM, 5%, 0125 01121 BBLO3S

AZRALA 315-0473-00 RES, FXD, FILM: 47K OHM, 5%, 0.25W 57665  NTR25J-E47K0

AZRELS 311-0831-00 B010100 B59999 RES, VAR, NONWW: TRMR , 100K OHM, 0.5 73138 91-14-0

AZRALR 3i1-1272-00  BOBOOCO RES, VAR, NONWW: TRMR 100K OHM,0.5W 32487  3320P-L58-104

APRELE 317-0512-00 RES, FXP,CMPSN: 5.1K OFM,5%,0.125 01121 BBSIZS

AZR422 317-0103-00 RES, FXb, CMPSK: 10K OHM, 5%, 0125W 0:121  BBLO3S

AZR423 317-6132-00 RES,FXD,CHMPSK:1.3K OHM, B%,0.125W 01121  BB13Zh

AZR427 217-0132-00 RES, FXD,CMPSK: 1.3K OHM,5%,0.125W (1121 BBI32S

AZRAZG 315-0201-00 RES, FXD, FILM 200 OHM, 5%, 0. 250 L7568  NTRZ5J-E200C

AZR43] 315-0102-00 RES, FXD, FILM: 1K OHM, 5%, 0. 25W 57668  NTR25JECIKO

AZRA34 315-0122-00 BOIG100 B04939% RES,FAD, FILM: 1. 2K ORM, 5%, 0. 254 57668  NTRZBJ-EOIKZ

AZRA34 315-0152-00 BOS0G00 RES, FXD, FILM:1.5K ORM, 5%, 0. 25W 57668  NTR25J-EDIKS

AZR44]1 315-0511-00 RES, FXD, FILM: 510 OHM, 5%, 0.25W 16701 B043CKX510R0

AZR44Z 315-0153-00 RES, FXD,FILM: 15K OHM, 54, 0. 254 18701 50430X15K06d

AzRa4s 315-0204-00 RES, FXD, FILM: 200K OHM, 5%, 0. 25W 18701 50430X200K03
[ AZRA5] 315-0513-00 RES, FXO, FILM: 51K OHM, 5%, 0. 254 57668  NTR25J-E51KO
P AZRASZ 315-0101-00 RES,FXD,FILM: 100 OHM,5%,0.254W 57668  NTR25J-E 100E

AZRAS3 315-0243-00 RES, FXD, FILM: 24K OHM, 5%, . 254 57668  NTR25J-L24K0

AZR4ES 315-0432-00 RES.FXD,FILM:4.3K OHM, 5%, 0.25¢ 57668  NTR2BJ-EQ4K3

AZRAET 315-0472-00 RES,FXD,FILM: 4. 7K OMM,5%,0.25¢ 57668  NTRRSJ-E04K7

AZRAGG 311-0950-00 BOLG100 BO5995S RES, VAR, NONuh : TRMR, 10K ObM, 0. 5w 73138 §1B RIOK

AZRAGD e 311-1288-00 8080000 RES, VAR, NONWW : TRMR, 10K OHM, 0. 5W 32997  3329P-L3%8-103

A2RAB1 S 315-0272-00 RES, FXB, FILM: 2. 7K OHM, 5%, 0. 25W 57668  NTR25J-E02K7

AZRAE2 - 315-0223-00 RES, FXH, FILM: 22K OHM, 5%, 0. 254 18701 50430X22K00J92U

: AZR4E4 O 315-0331-00 RES, FXD,FILM:330 OHM, 5%, 0.25W 57668  NTR2HJ-E330C

[ AZRAT( 315-0201-00 B120000 RES, £XD,FILM: 200 OHM,5%,0.25W 57868  NTRZ53-E200E

AZRATL 315-0124-00 RES, FXD, FILM: 120K OHM, 5%, 0. 259 18701 5043CX120K0J

APRATZ 317-6104-00 RES, FXD, CMPS: 100K OMM,5%,0.125W 01121 EB1045

AZR4TL 317-0202-06  BOLOLOO B099989 RES, FXD, CMPSN: 2K OHM, 5%, 0. 125W 01121 BB20Z5

RIRATE 317-0102-00 BLOOOOO RES, FXD,CMPSI: 1K OHM, 5%, D125W 01121 BBiGZS

AZR475 317-0103-00 BI0OOOC RES, FXD, CMPSN: 10K OHM, 5%, 0125W 01121 BBi03S

AZRATE 317-0153-00 BDI010C B135354 RES, FXD,CMPSN: 15K OHM, 5%, 0. 1254 01i21  BB1S35

A2R476 317-0103-00 BI353R5 RES, FXD, CMPSH: 10K OHM, 5%, 0125W plizl  BB1035

AZR478 215-0362-00 RES, FXD, FIEM:3. 8K OnM,5%,0. 254 19701 5043CX3KE00J

AZRATS 317-0511-00 B015100 B3a898 RES,FXD,CMPSN:510 OFM, 5%, 0. 1284 01121  BBSLiS

AZRB2L 321-0832-00 RES,FXD,FILM:S. 41K OHM,0.5%, 0,125, TC=T2 15701  5033RCOK416C

AZRE2Z 321-0801-00 RES,FYD,FIiM: 2 141K OHM,0.25%,0. 125, TC=T2 189701  5033RCZ2KI41C

AZRE24 321-0236-00 RES,FXD,FIEM:2.80K OHM, 1%,0.125W, TC=T0 07716  CEADZBOCOF
______ AZRE26 321-0315-00 RES, FXD, FTLMI18.7IC OMM, 1%, 0. 1250, TC=T0 19701 5D43ED18KIOF

A2REB27 315-01806-0C RES, FxD, F1iM:18 OMM 5%,0. 25W 19701 5043CX18R0OGJ

AZREZY 315-0512-00 RES, FXD, FILM:5, 1K OHM 5%, 0.25W 57658  NTR25J-EOSKY

A2RE35 315-0470-00 ) RES, FAD, FILM: 47 OWM, 5%, C. 250 57668  NTR2SBI-E47EC

AZRB3S 315-0101-00 RES,FXD,FILM: 100 OHM,5%,0.25W 576686  NYR2ZLHI-E 10GE

AZRE3S 315-0101-00 RES, FXD,FILM: 100 OHM,5%,0.25W 57668  NTR253-E 100E

AZTADD 120-0850-00 XFMR, TOROID: 80008  120-0650-00

A2T41G 120-0487-00 XFMR, TORDID: 80008 120-0487-00

A2T4A30 120-0546-00 XEMR, TOROID: : . 80008 120-0546-00

A3 570-1080-00 8010100 8029993 CIRCULT 8D ASSY:[NTERFACE 80009 B70-10890-0C

A3 670-1080-01 BO30000 80349899 CIRCUIT BD ASSY:INTERFACE 80008  670-1090-01

A3 670~1080-02  B0AG00O BO79898 CIRCUIT BD ASSY:INTERFACE 80009  670-1090-02

A3 870-1080-03 BOB00CO 8099995 CIRCUTT BD ASSY:INTERFACE 80008  670-1090-03

A3 B70-1000-04  BLOOGOO CIRCUIT BD ASSY:INTERFACE 80008  670-1080-04
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A3C104 283-0003-00 CAP,FXD,LER DI:0.01UF,+86-20%, 150V 59821  Di03Z4075UJBCEX
A3CL1S 283-0072-01 CAP,FXD,CER BI.0.01UF,+80-20%, 200V 50660  8300-201Z5v0103M
A3CE31 290-0327-00 CAP, FXD, ELCTLT 0. 58UF, 20%, 100V 05357  T110ABSAMIOO0AS
A3CE32 290-0134-00 CAP, XD, ELCTLY - 22UF, 20%, 15V 05397  T110B22EMDIGAS
A3CE34 283-0053-00 CAP,FXD,CER DI:1UF,+80-20%, 50V 04222 SR3OBCIOGMAA
A3CB39 280-0327-00 CAP, FXD,ELCTLY; 0. B6UF, 20%, 100Y 03367 T11DASB4M100AS
A3CRI0R 152-0141-02 SEMICOND DVC,DI:SW, 51,20V, 150M8,30V,D0-35 03508  DA2527 {1N415Z}
A3[R1I3 152-0141-07 SEMICOND DVC,DI:SW,SI,30V, 150MA,30V,D0-35 03508 DA2527 (1N4152)
ASCRILIS 152-0141-02 SEMICOND DVC,DI:SW,51,30V,150MA,30V,00-35 03508  DA2527 (1N4152)
ASCRILE 152-0153~00 SEMICOND DVC,DI:SW, 51,10V, 50MA, .D0-7 07263 FD7003
AJCREZ8 152-0141-02  BO40CCO SFMICOND DVC,DI:SW,S1,30V,150MA, 30V, D0-35 03508  DA2527 (IN4152)
433101 131-0381-00 CONN,RCPT, ELEC : SHAP-ON, MALE , BULK PACK 24931 320R105-1
A3Ji4 131-0391-00 CONI, RCPT, ELEC: SNAP-ON, MALE, BULK PACK 24931 32JR105-1
A3LB3L 120-0382-00 COIL,RF: 210UH, +28%-43%, 14 TURNS 80008 120-0382-00
A3LE3Z 120-0382-00 COIL, RF:210UH, +287%-43%, 14 TURKS 80008  120-0382-D0
A3LB38 120-0382-00 COIL,RF: 210UN, +28%-43%, 14 TURNS 80009 120-0382-00
A30108 151-0188-00 TRANSISTOR: PNP,S1,T0-92 80003 151-018B-00
A3QL13 151-0188-00 TRANSISTOR: PNP,S1,70-82 80008  151-0188~00
A3G116 151-0207-00 TRANSISTOR:NPN, ST, T0-82 57668  XD11BCPO207
A3RI0L 317-0124-00 RES, FXD, CMPSH: 120K ORM, 5%,0. 125W 01121  BB1245
A3RL0Z 317-0244-00 RES, FXD,CMPSN: 240K OHM, 5%,0. 1250 01121 BB2445
A3RL04 317-6153-00 RES, FXD,CMPSN: 15K OHM, 5%, 0, 1254 01121 BB1S3S
A3RLOB 317-0153-00 RES, FXD,CMPSN: 15K OHM, 5%,0. 125 01121 BB1535
A3RID? 317015100 BO3G000 RES, FXD,CMPSN: 150 OHM,5%,0.1254 01121  BBISIS
ARIB 317-0302-00 RES, FXD, CMPSN: 3K OHM, 5%, 0. 125W 01121  BB3025
A3RIO 317-0152-00 RES,FXD,CMPSH: £ 5K OFM, 5%,0. 125W 011zl BB1525
A3RILL 315-0203-00 RES, FXD, FILM: 20K OHM, 5%, 0. 25¢ 57668  NTR25J-E 20K
A3R113 315-0122-00 RES, FXD,FILM:1.2K OHM,5%,0.25W 57668  NTRZ2LJ-E0LIKZ
A3R114 221-0206-00 RES, FXD, FILM:1.37K OHM,1%,0.1254,TC=T0 07716 CEADI3700F
A3R1I5 317-0431-00 RES, FX0, CMPSN: 430 OHM,5%,0. 125 01121 BB43LS
A3R11B 315-0380~00 RES,FXD,FILM: 38 OHM, 5%, 0. 25¢ 57568  NTR25J-E3IBED
A3R320 311-0585-00 RES, VAR, NONWW: PNL, 15K OHM,0. 259 56821 BAZ201081
A3RE1Z 371-0402-0G RES, FXD, FILM: 150K OHM,1%,0.1254,TC=TO 19701 5033ED150KOF
A3R513 321-0402-00 RES, FXD,FILM: 150K OHM, 1%, 0.125W,TC=10 18701 5033EDI5GKOF
A3R519 321-0339-00 RES,FXD,FILM:33.2K OfM,1%,0. 125, TC=TO 07716  CEAD33201F
A3RSZL 321-0373-00 RES,FXD,FILM:75.0K OHM, 1%,0.125W, TC=T0 19701 S033ED75KOCF
A3RBZ7 321-0373-00 RES, FXD, FILM: 75.0K OHM, 1%,0,125W, TC=TO 18701  5Q33ED7SKO0F
A3RL28 321-0304-00 RES, FXD, FILM:14.3K OHM, 1%,0.125W, TC=TC 19701 5033ED14K30F
A3RS29 321-0402-00 RES,FXD, FILM: 150K DHM, 1%,0. 1254, TC=TC 19701 5033EDIS0OKOF
A3RE3L 321-0373-00 RES, FXD, FILM:75,0K OHM, 1%,0.125W,TC=T0 19701 5033ED75K00F
A3RS33 321-D402-00 RES, FXD, FILM: 150K OHM, 12,0125, 7C=T0 19701 5033EDI50KOF
AZRRIR 321-0402-00 RES, FXD, FILM: 150K OHM,1%,0.1254,TC=TC 16701 5033ED150KOF
A3RB3T 321-0356-00 RES,FXD,FILM:48.8K OHM, 1%,0.125W, TC=T0 19701 5033ED4SKBOF
AZRE3S 321-0344-00 RES, FXD, FILM:37.4K OHM, 1%,0. 1256, TC=T0 16701 5033ED 37K40F
A3R551 315-0510-00 RES,FXD, FILM: 51 OHM, 5%,0.25¢ 18701 5043CX51R00J
A3R5E] 315-0510-00 RES,FXD, FILM: 51 OHM, 5%,0.25¢ 18701 H043CX51R00J
A3R834 315-0100-00 RES,FXD,FILM: 10 OHM, 54,0, 25W 19701 5043CX10RR0OCS
.4 £70-1148-00 B010100 BO19999 CIRCUIT BD ASSY:+UP-TNVERT SW 80008 B70-1148-00
Ad §70-1148-01 B020000 CIRCUIT BD ASSY.+UP-INVERT SW 80005  670-1148-01
A4DS302 150-0057-01  BOLGI0O 8016508 LAMP, INCAND:5V,0. 1154, WIRE LD, AGED & SEL 71744 7153 AS 15
AADS302 150-0048-01  BOZ0000 LAMP, INCAND -5V, 0. 064, #683 AGED & SEL £8854  BB3ASIS
A43302 e e {NOT REPLACEABLE - SEE A4 REPL}
A5 670-1149-00 BOI0100 B019999 CIRCUIT BD ASSY:NORMAL-SMOOTH SW 80008  B70-1149-00
A5 B70-1148-01 BGZ0000 CIRCUIT BD ASSY:NORMAL-SMOOTH SW 80008 670-1148-01

REV FEB 1888
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Replaceable Electrical Parts - 7511

Tektronix  Serial/Assambly No. Mfr.

Comonent No. Part No. Effective  Dscont Name & Descriotion Code Mfr. Part No.

ABBS1IE 150-0057-01  BOIOL0G B01999% LAMP, INCAND: 5V, 0, 115A,WIRE LD AGED & SEL 71744 7153 AS 15

ABDSILE 150-0048-01  BO20G00 LAMP, TNCAND:BY 0. 0BA #6583 ,AGED & SEL 58854  BB3ASLS

ASDS141 150-0057-01 BOLOLOO B01959% LAMP, INCAND: 5V, 0. 115A, WIRE LD, AGED & SEL 71744 7153 AS 15

ABDSI4L 150-0048-02  B0200O0 LAMP, INCAND:5V, 0. 0BA, #5683 ,AGED & SEL 58854  BB3ASLS

ABRI4L 317-0222-00 RES, FXD,CMPSN: 2. 2K OHM, 5%, 0. 1254 01121 BBZZ25

ABRL4Z 317-0881-00 RES, FXD,CMPSN: BB0 OHM, 5%,0.125W 01121 BBESiE

ABSI4L e e {NOT REPLACEABLE - SEE AS REPL)

AB 870-1185-00 CIRCUIT BD ASSY:COMMUTATOR SW MOVING 80009 670-1165-00
{ND ELECTRICAL PARTS)

A7 670-1166-00 CIRCUIT BD ASSY:COMMUTATOR SW FIXED 80008 B70-1166-00
(WO FLECTRICAL PARTS)

(149 283-0103-00 CAP,FXD,CER DI.180PF, 5%, 500V 5eg2l  2hDH73L1B1a

CR476 152-0141~02 BO1GIOO B0OSSISD SEMICOND DVE,DI:SW,SI,30V,150M4,30V,D0-35 03508 DAZS27 (1N4152)

J100 131-0410-00 CONN,RCPT ELECCOAXIAL CONTACTS,RTANG PLUG 13356  DM53741-5001

Ji20 131-0581-00 COMN RCPT,ELEC:EDGECARD,5/12 CONT,0.156 SP 23880  MMMBD/I-2TX

Ji85 131-07758-00 JACK, TIP:U/W 0.08 OD TEST POINT 88291 0168010000208

Jig6 131-0778-00 JACK, TIP:U/W 0.08 0D TEST POINT 88291 0168010000208

J2ES 131-0778-00 . JACK, TIP:U/W .08 0D TEST POINT 88291 (0168010000208

J4aa 131-0381-00  BOBLOOD CONN, RCPT, ELEC - SNAP-ON, MALE , BULK PACK 74331  32JR105-1

R143 311-0095-00 RES, VAR, NONu : PNL, 500 OHM,D.5W 01121 WAINO48SEQIUZ

R145 321-01493-00 RES, FXD, FILM: 1K OHM, 1%,0. 1254 TC=TC 19701 S033EDIKCOF
(R145A ONLY}

Ri45 321-0231-00 RES,FXD,FIIM:2.48K OHM, 1%,0.125¢, TC=T0 19701  S0O33ED2K48F
{(R145B ONLY)

Ri45 321-0260-00 RES, FXD,FILM:4.88K OHM, 1%,0.128¢, TC=T0 18701 50O33ED4KISCH
{R145C ONLY)

R14R 321-0288-00 RES,FXD,FIEM:10.0K OMM, 1%,0. 125, TC=T0 18701 S033ED10KOF
{(R1450 ONLY}

R145 321-0327-00 RES,FXD, FILM: 24 9K OHM, 1%,0. 125, TC=T0 (7716 CEAD249C1F

: {R145E ONLY)

R145 321-0358-00 RES,FXD, FILM: 48 9K OHM, 1%,0.125W, TC=T0 19701 5033EDASKSOF
{R145F ONLY}

Ri45 321-0385-00 RES, FAD, FTLM: 100K OHM, 1%.0. 1256, TC=T0 19701 5033EDIOOKOF
(R1456 ONLY)

R147 321-0450-01 RES,FXD, FILM: 475K OHM,D.5%,0.1254, TC=T0O MI 24546  NAS5D4753D
(RI478 ONLY)

R147 321-0780-01 RES,FXD.F1LM: 189.8K OH¥,0.5%,0.125W, TC=T0 01121  ORDER BY DESCR
{R1478 ONLY)

Ri47 321-0758-01 RES, FXD, FILM: 95K O#M,0.5%,0. 1254, TC=T0 01121  ORDER BY DESCR
{R147C ONLY)

Ri47 321-0354-01 RES, FXD, FILM: 47 5K OHM,0,5%,0.125¢,TC=TO 07716  CEAD4T501D
{RIA7E ONLY}

R147 321-0757-01 RES, FXD,FILM: 18.99K OHM,0.5%,0.125W,7C=T¢ 01121 ORDER BY DESCR
(RI47E ONLY)

R147 321-0758-01 RES,FXD,FTLM:9. 5K OHM,0.5%,0. 1254, TC=TD 18701 BO33RDAKS00D
(RI&TF ONLY)

k147 321-0258-01 RES,FXD, FILM:4, 75K OMM,0.5%,0.1254,7C=T0 24546  NABSD4751D
(R147G ONLY)

R14% 321-0354-01 RES, FXD,FILM: 47 5K OHM, 0. 5%,0.125W, TC=T0 07716  CEADA750LD

R151 311-0965-00 BOLC100 8058995 RESISTOR ASSY:VAR, {2)10K OHM, 10%,1W 80008 311-0865-00

R151 311-1162-00 BOBOOOD BORAGAG RES, VAR, NCMNWM: PNL, 2 X 10K OHM, IW 12607 D381-CM 39631

R151 311159100  BOS0OOD B139899 RES, VAR, NONWW: PNL, 2 X 10K OHM, IW 12697  3B1-CMA0285

R151 311-2188-00 B140000 RES, VAR, Wh: PNL, 2X10K OHM, 5%, 1W 32897  B4NZMRBJISJLS

R153 315027300 RES,FXD,FILM: 27K OHM,5%,0.25W 57668  NTR25J-E27KC

R154 315-0273~00 RES, FAD, FILM: 27K O, 5%, 0.25W 57668  NTRZBJ-E27KO

R156 315-0101-00 RES,FAD,FILM: 100 DHM,5%,0.25W 57668  NTR25J-L 100E

RIZZ e e {PART OF RIS1)

7=10
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Replaceabie Electrical Parts - 7511

Tektronix  SerialfAssembly No. Mfr.

Component No. Part No. Effective  Dscont Name & Description tode  Mfr. Part No.
RiE8 315-0821-00 RES, EXD, FILM: 820 OHM, 5%,0.25W 18701 5043CX820R02
R345 311-0258-00 RES, VAR, NONiW: PRL, 100 OHM,C.5W 01121 WALGDZ45101UA
R&40 311-0310-00 RES, VAR, NONWW: PNL, 5K OMM, 0. 5% 01121 W/350A

k522 3721-0402-00 RES, FXD, FILM: 150K OHM, 1%, 0,125, TC=T0 16701 5033ED150K0F
R523 321-0344~00 RES FXD,F1iM:37 4K ORM, 1%,0.125W, T(=T0 19701  5033ED 37K40F
Rb24 321-0373-00 RES,FXO, FILM: 75.0K OHM, 1%, 0. 1256, TC=T0 19701 5033ED75K00F
RH25 221-0402-00 RES, FXD, FILM: 150K OHM, 1%, 0. 125, TC=TC 16701 5033EDLAOKOF
SH4B 262-0834-00 SWITCH,WIRED: VOLTS/DIV 80009 262-0894~00
5146 260-1090-00 SWITCH, ROTARY : VOLTS/DIV 76854  5-36211-415

REV FEB 1989
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7511

SECTION 8
DIAGRAMS
AND
MECHANICAL
PARTS ILLUSTRATIO

The following special symbols are used on the diagrams:

Screwdriver adjustment.

- Front- or rear-panel control or connector,

~ai————. Refers to the indicated diagram.

ee— Test point.

circuit board.

> 2
7 -~ Connection made to eircuit board with
- interconnecting pin.
c £
Connection made to circuit board with

| e pin socket.
W
§ ! Coax connector.

J;—<<—-—
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VOLTAGE AND WAVEFORM TEST CONDITIONS

The typical voltage measurements were obtained under the following conditions unless notad otherwise on the individual

diagrams:
Yoltmeter
Type Muitimeter
Sensitivity 20,000 chmivolt
Ranges 0.6 and 12 voits

Recommended type {used  Triptett Modei 630-NA
for measuring the voltages
shown on the diagrams)

7504
Vertical Mode Left
Horizontal Mode 8
B Intensity Optimum
A Trigger Source Right Vert
B Trigger Source Left Vert

FA13 {left vertical compartment,
PG010, at +Input connector,
10X probe used for waveforms)

Volts +
+Input DC
Comparison Voltage
Center display on
graticule
Volts/Div See waveforms

7511 {right vertical compartment,
calibrated Sampling Head instalied)}

Units/Div
VARIABLE
+Hp

DC OFFSET

NORMAL
Input signal

200

CAL IN

Pushed in

Midrange, 0 volts at
OFFSET OUT jack.

Pushed in

Termination or Coaxial
cable connected. No
input signal.

7T171 {right horizontal compartment)

Slope
Stability
Sequentiat
Swesp Range
Time/Div

fnt

Scan

+

Fully clockwise {free run)
Pushed in

5 us

1 ous

Pushed in

Rep

7850 (left horizontal compartment)

Mode
Coupling
Source
Magnifier
Time/Div

Auto

AC

Int

X1

See Waveforms

All voltages given on the diagrams are in volts. Waveforms shown are actual waveform photegraphs taken with a Tektronix
Osciloscope Camera Systemn and Projected Graticule, Vertical defiection factor shown on waveform is the actual deflestion
factor from the input connector and does not include the 10X attenuation of the probe. The voltages and waveforms (shown
in biue) on the diagrams are not absolute and may vary betwsen instruments because of component tolerances, internal
catibration, or front panel controt settings. Voltage and time readouts are simulated in larger-than-normal type.

The spring tension of the pin sockets ensures a good connection
between the circuit board and pin. This spring tension may be damaged
by using the pin sockets as a connecting point for spring-loaded probs

tip, alligator clips, ete.
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Section 9—7811

REPLACEABLE
MECHANICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or {hrough your local
Tektronix, inc. Field Office or representative.

Changes to Tektronix instruments are sometimes made o
accommodate improved components as they become available,
and 1o give you the benefit of the iatest circuit improvements
developed in our engineering department. it is therefore
important. when ordering parts, io include the following
information in your order: Part number, instrument type or
number, serial number, and modification number if applicable

i a part you have ordered has been replaced with a new or
improved part, your local Tektronix, inc. Field Office or
representative will contact you concerning any change in part
numper

Crange information, if any, is located at the rear of this
manyat

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number

00X Part removed after this serial number

FIGURE AND INDEX NUMBERS

ltems in this section are referenced by figure and index
numbers to the ilustrations

INDENTATION SYSTEM

This mechanical parts list is indented to indicate item
relationships. Following is an exampie of the indentation system
used in the description column,

12345 Name & Description

Assembly and/or Componen!
Attaching parts for Assembly and/or Component

Detait Part of Assembly and/or Component
Attaching parts for Detail Part

Parts of Detail Fart
Aftaching parts tor Parts of Detaif Part

Attaching Parts always appear in the same indentation as
the item it mounts, while the detalt parts are indented to the right.
Indented #tems ate part of and included with, the next higher
indentation. The separation symbol - - - * « - - indicates the end of
attaching parts.

Aftaching parts must be purchased separately, unless otherwise
specified.

ITEM NAME

in the Parts List, an Hem Name is separated from the
description by a colon ). Because of space limitgtions. an ftem
Name may sometimes appear as incomplete. For further item
Name identification, the U.S. Federal Cataloging Handbook H6-1
can be utitized where possible

ABBREVIATIONS

INCH ELCTRN ELECTRON
* NUMBER $12E ELEC ELECTRICAL
ACTR ACTUATOR ELOCTLY ELECTROLYTIC
ADPTE ADAPTER ELEM ELEMENT
ALIGN ALIGNMENT EPL ELECTRICAL PAATS LIST
AL ALUMINLIM EQPT EQUIPMENT
ASSEM ASSEMBLED EXT EXTERNAL
ASEY ASSEMBLY FiL FILLISTER HEAD
ATTEN ATTENUATOR FLEX FLEXIBLE
AWG AMERICAN WIRE GAGE FLH FLAT HEAD
80 8OARD FLTR FILTER
BARKT BRACKET R FRAME or FRONT
BAS SRASS FETHNR FASTENER
ARZ BRONZE FT FOOT
REHG BUSHING FXD FIXED
CAB CABINET GEKT GASKET
CAP CAPACITOR HDL HANDLE
CER CERAMIC HEX HEXAGON
CHAS CHASSIS HEX HD HEXAGONAL HEAD
CKT CIRCUIT HMEX SOC  HEXAGONAL SOCKET
COMP COMPOSITION HLCPS HELICAL COMPRESSION
CONN CONNECTOR HLEXT HELICAL EXTENSION
COv COVER HY HiGH VOLTAGE
CPLG COUPLING iC INTEGRATED CIRCINT
CRT CATHODE RAY TURE i INSIDE DIAMETER
DEG DEGREE IDENT IDENTIFICATION
DWR DRAWER IMPLR IMPELLER

REV E, SEP 1876

IN INCH SE SINGLE END
INCAND  INCANDESGENT SECT SECTION
INSUL INSULATOR SEMICONT SEMICONDUCTOR
INTL INTERNAL SHLD SHIELD
LPHLDAR  LAMPHGLDER SHLDR SHOULDERED
MACH MACHINE SKT SOCKET

MECH MECHANICAL SL SLIDE

MTG MOUNTING SLELKG  SELF-LOCKING
NiP NiPELE 5LVG SLEEVING

NON WIRE NOT WIRE WOUND SPR SPRING

OBD ORDER BY DESCRIPTION sQ SQUARE

s3] OUTSIDE DIAMETER S8T STAINLESS STEEL
OV OVAL HEAD 8TL STEEL

PHBR?Z  PHOSPHOR BAONZE sW SWITCH

L PLAIN or PLATE T TUBE

PLSTC PLASTIC TERM TERMINAL

PN PART NUMBER THD THREAD

PNH PAN HEAD THK THICK

PWR POWER TNSN TENSION

RCPT RECEPTACLE TPG TAPPING

RES RESISTOR TRH CTRUSS HEAD
RGD RIGID Y VOLTAGE

ALF RELIEF VAR VARIABLE
ATNR RETAINER W/ WITH

SCH SOCKET HEAD WSHR WASHER
SCOPE OSCILLOSCOPE XFMR THRANSFORMER
SCA SCREW XSTAR TRANSISTOR



Replaceable Mechanical Parts -~ 7511

CROSS INDEX -~ MFR, CODE NUMBER TO MANUFACTURER

Mfr.
Code Manufacturer Address City, State, 7ip Code
00¥78 AMP INC 2800 FULLING MILL HARRISBURG PA 17105
PO BOX 3608
04811 PRECISION COIL SPRING 0O 10107 ROSE ST EL. MONTE CA 91734
PO BOX 5450
07707 USH CORP 510 RIVER RD SHELTON CT 068484517
SUB OF EMHART INDUSTRIES INC
S FASTENER DIV
08261 SPECTRA-STRIP 7100 LAMPSON AVE GARDEN GROVE CA 92642
AN ELTRA CO
13555 TRW CYLINDRICAL CONKECTOR 8821 SCIENCE CENTER DRIVE MINNEAPQOLIS MN 55428-3619
DIV OF TRW INC
272526 DU PONT £ 1 DE NEMOURS AND CC INC 515 FISHING CREEK RD NEW CUMBERLAND PA 17070-3007
DU PONT CONNECTOR SYSTEMS
DIV MILITARY PRODUCTS GROUP
22599 AMERACE CORP 15201 BURBANK BLVD VAN NUYS CA 81411-3532
ESNA DIV SUITE C
23880 STANFORD APPLIED ENGINEERING INC 340 MARTIN AVE SANTA CLARA CA 85050-3112
24545 CORNING GLASS WORKS 550 HIGH 57 BRADFORD PA 1B70L-3737
24831 SPECIALTY CONNECTOR CO INC 2100 EARLYWOOD DR FRANKLIN IN 46131
PO BOX 547
71785 CINCH CONNECTORS 1501 MORSE AVE FLK GROVE VILLAGE IL 60007-5723
73743 FISCHER SPECIAL MFG CC 111 INDUSTRIAL RD COLD SPRING KY 41(76-8748
74445 HOLO-KROME CO 31 BROOK 8T ELMWOOD CT 06110-2350
77900 ILLINOIS TOOL WORKS ST CHARLES RD ELGIN IL 60120
SHAKEPRODF DIV
78189 ILLINOIS TOOL WORKS TNC ST CHARLES ROAD ELGIN IL 80120
SHAKEPROOF DIV
79136 WALDES KOHINOOR INC 47-16 AUSTEL PLACE LONG ISLAND CITY NY 11101-4402
800048 TEKTRONIX INC 14150 SW KARL BRAUN DR BEAVERTON QR 87077-0001
PO BOX 500
83385  MICRODOT MFG INC 3221 W BIG BEAVER RD TROY MI 48098
GREER-CENTRAL DIV
83486 ELCO INDUSTRIES INC 1101 SAMUELSON RD ROCKFORD IE 61101
84830 LEE SPRING CO INC 1462 B2ND ST BROOKLYN NY 11219-5413
87308 FARLEY METALS INC BARKLEY RD STATESVILLE NC 28677-9774
SOUTHERN SCREW DIV ? 0 BOX 1360
60484 SURPRENANT WIRE AND CABLE 172 STERLING ST CLINTON MA 01510
DIV OF FL INDUSTRIES INC
81280 CONNOR SPRING AND MFG £0 1729 JNCTION AVE SAN JOSE CA 95112
A SLOSS AND BRITTAN INC CO
82101 SCHULZE MFG 50 INGOLD RD BURLINGAME CA 94010-2208
G397 TEXTRON INC 600 18TH AVE ROCKFORD Ii. B1i0B-5181
CAMCAR DIV
98291 SEALECTRC CORP 40 LINDEMAN DR TURNBULL CT 08611-4739
BICL CLECTRONICS
TKO392  WORTHWEST FASTENER SALES INC 7923 SW CIRRUS DRIVE BEAVERTON OR S7005-8448
TKO433  PORTLAND SCREW £0 5520 N BASIH PORTLAND (R 97217-3920
TKO435  LEWIS SCREW 00 4300 S RACING AVE CHICAGD IL 60609-3320
TKO588  UNIVERSAL PRECISION PRODUCTS 1775 W 216TH HILLSBORD OR 67123
TK1326  NORTHWEST FQURSLIDE INC 18224 SW LOOTH CT TUALATIN OR 87062
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