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FG5010

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

In This Manual

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

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

OPERATORSSAFETYSUMMARY

As Marked on Equipment

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

In This Manual

TERMS

DANGERindicates a personal injury hazard immediately ac
cessible as one reads the marking .

!

vi

4

SYMBOLS

As Marked on Equipment

This symbol indicates where applicable cau
tionary or other information is to be found .

DANGER High voltage .

Protective ground (earth ) terminal .

ATTENTION refer to manual .-

Power Source

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

Grounding the Product

This product is grounded through the grounding conductor
of the power module power cord . To avoid electrical shock ,

plug the power cord into a properly wired receptacle before

connecting to the product input or output terminals . A pro
tective ground connection by way of the grounding conduc
tor in the power module power cord is essential for safe

operation .

Danger Arising From Loss of Ground

Upon loss of the protective -ground connection , all accessi

ble conductive parts ( including knobs and controls that may
appear to be insulating ) can render an electric shock .

Use the Proper Fuse

To avoid fire hazard , use only the fuse of correct type , volt
age rating and current rating as specified in the parts list for

your product .

Refer fuse replacement to qualified service personnel .

Do Not Operate in Explosive Atmospheres

To avoid explosion , do not operate this product in an explo

sive atmosphere unless it has been specifically certified for

such operation .

Do Not Operate Without Covers

To avoid personal injury , do not operate this product with
out covers or panels installed . Do not apply power to the
plug - in via a plug -in extender .

@
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SERVICESAFETYSUMMARY

FORQUALIFIEDSERVICEPERSONNELONLY

Refer also to the preceding Operators Safety Summary .

Do Not Service Alone

Do not perform internal service or adjustment of this prod
uct unless another person capable of rendering first aid and
resuscitation is present .

Use Care When Servicing With Power On

Dangerous voltages may exist at several points in this prod
uct . To avoid personal injury , do not touch exposed connec
tions and components while power is on .

FG5010

Disconnect power before removing protective panels , sol
dering , or replacing components .

Power Source

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

vii
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SPECIFICATION

Introduction

This section of the manual contains a general description
of the FG 5010 and complete electrical , environmental , and
physical specifications . Standard and optional accessories
are also listed . Instrument option information is located to
ward the back of this manual in a separate section .

Instrument Description

The FG5010 Programmable Function Generator is a sig
nal source for low distortion sinusoidal , square /pulse , and
triangle waveforms . The instrument is designed to operate
in two compartments of any TM 5000 Series power module .
The instrument can be manually programmed from the front
panel or , when installed in the proper power module , re
motely programmed via the general purpose interface bus
(GPIB). When properly installed , the FG 5010 is compatible
with other instruments that meet IEEEStandard 488-1978.

The FG5010 operates within a frequency range of
0.002 Hz to 20 MHz. Output amplitude is from 20 mV to
20 V peak-to-peak , open circuit . Terminated into 50 9 , out
put amplitude is from 10 mV to 10 V peak -to -peak . Output
circuit dc Offset range is from to • 7.5 V. Waveform sym
metry is variable from 10% to 90 % duty cycle in 1% steps .
Output waveform baseline phase can be shifted from -90 ‚
to +90 ‚ in 1‚ increments .

A Voltage Controlled Frequency (VCF) input is provided
to control the output frequency from an external voltage
source . The output waveform can also be modulated from
an external source . Provision is made for both Amplitude
Modulation (AM) and Frequency Modulation ( FM ).

The FG5010 features a memory capable of storing up to
ten complete sets of operating modes and parameters . All

(8)
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modes and parameters of any set can be recalled from the
front panel or with a remote program command .

Illuminated pushbuttons provide visual indication that
function is active . Seven-segment LED'sdisplay the numeri
cal value and exponent of the selected parameter . The unit
of measure of the selected parameter is also displayed in
the readout window .

Standard Accessories

The following items are shipped with the FG 5010.

(1) Instruction Manual
(1) Pocket Reference Guide

IEEE488 (GPIB) Function Capability

The FG5010 is capable of being remotely programmed
via the digital interface specified in IEEE Standard 488
1978, "Standard Digital Interface for Programmable Instru
mentation ". In this manual , the interface is commonly called
the General Purpose Interface Bus (GPIB).

The IEEEstandard identifies the interface function reper
toire of an instrument on the GPIBin terms of interface func
tion subsets . The subsets are defined in the standard . The

subsets that apply to the FG 5010 are listed in Table 1-1.

NOTE

Refer to IEEEStandard 488-1978 and the latter part
of this manual for more detailed information . The stan

dard is published by the Institute of Electrical and
Electronics Engineers , Inc., 345 East 47th Street,
New York, New York 10017.

1-1



Specification - FG5010

Function

Source Handshake

Acceptor Handshake

Basic Talker

Basic Listener

Service Request

Remote-Local

Parallel Poll

Device Clear

Device Trigger

Controller

Bus Drivers

Subset

SH1

AH1

T6

L4

SR1

RL1

PPO

DC1

DT1

CO

E2

Table 1-1

INTERFACEFUNCTIONSUBSETS

1-2

Complete .

Complete .

Responds to Serial Poll . Untalk if My Listen Address ( MLA) is received .

Unlisten if My Talk Address ( MTA) is received .

Complete .

Complete .

Does not respond to Parallel Poll .

Complete .

Complete .

No controller function .

Three state drivers .

Performance Conditions

The electrical characteristics are valid with the following
conditions .

ELECTRICALCHARACTERISTICS

1.The instrument must have been adjusted at an ambi
ent temperature between +20 € C and +30 € C and operat
ing at an ambient temperature between € C and +50 € C.

Capability

2. The instrument must be in a noncondensing environ
ment whose limits are described under Environmental .

3. Allow 20 minutes warm -up time for operation to speci
fied accuracy ; 60 minutes after exposure to or storage in a
high humidity (condensing ) environment .

4. Applicable to front -panel interface only . Due to poten
tial noise and cross talk of the rear interface , the specified
electrical characteristics may be degraded .

Items listed in the Performance Requirements column of
the following tables are verified by completing the Perfor
mance Check in this manual . Items listed in the Supplemen
tal Information column may not be verified in this manual ;
they are either explanatory notes or performance character
istics for which no limits are specified .

REVJUL1982
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Frequency

@

Characteristics

Selectable Range

Accuracy

Stability
1 Hour

24 Hours

Jitter

Resolution (digits )

Table 1-2

FREQUENCY

Performance Requirements

.002 Hz to 20 MHz

CONT

TRIG, GATE, BURST

f <200 Hz • 0.1%

f >200 Hz • 5.0%

+0.1%

Supplemental Information

Frequency parameters specified with FM and
VCFoff .

Verification in GATEmode implies
accuracy in TRIG, BURSTmodes .

Typical Stability :
CONT

TRIG, GATE, BURST
f <200 Hz

f >200 Hz

CONT

TRIG, GATE, BURST
f <200 Hz

f >200 Hz

Typical Jitter :

CONT, TRIG, GATE, and BURST

‚ LOCK

CONT

TRIG, GATE, BURST
f <200 Hz

Specification - FG5010

f >200 Hz

1 X 10" < freq < 2 X 10̂
where n 3-7

2 x 10m
where m

=

-
freq < 10 x 10m
3-6

ftop f > (ftop/2)=

top'

(f / 2)> f> (f /20)'top' top

(f. / 20 ) > fƒ (f. / 200)top'top

(f /200) > f> (ftop/ 2

(f /2000) >f>

.05%

(f. /200)

.05%

.05%

.05%

VCF

Thetop of the frequency ranges are 20 MHz,
2 MHz, 200 kHz , 20 kHz , 2 kHz, 200 Hz,

20 Hz, 2 Hz, .2 Hz and .02 Hz.

.05%

.10%

.05%

1.0%

4 digits

4 digits

4 digits

3 digits

4 digits

3 digits

2 1/2 digits

1 1/2 digits

1 digit

1-3



Specification - FG5010

Output Mode

Characteristics

Normal / Complement

On/Off

Amplitude

1-4

Selectable Range

Accuracy

Offset

Triangle Wave

Square Wave

Sine Wave

Resolution

Selectable Range

Accuracy

Resolution

Performance Requirements

20 mV to 20 V p-p from 50 € into

an open circuit .

• 2%

+2%, -3.5%

+3%, -5%

+5%, -20%

• 2%

• 3%

• 5%

+10%

Table 1-3

OUTPUT

+3%

+5%, -10%

0.002 Hz f

500 kHz < f ‚ 1 MHz

1 MHz < f

5 MHz f
5 MHz

20 MHz

0.002 Hz

1 MHz < f

5 MHz f

10 MHz <

500 kHz

f‚ 1 MHz

5 MHz
10 MHz

20 MHz

0.002 Hz f

5 MHz f

5 MHz

20 MHz

-7.5V to +7.5V from 50 ƒ into an open circuit

Maximum peak signal plus offset cannot exceed

• 15V into an open circuit ( • 7.5 V into 50 N) .

< • (1% of the selected value , +1% of the signal

V p-p + 20 mV).

Supplemental Information

Output signal is either normal or in

verted around the specified offset .

Output is disconnected from load .

Volts programmed value allowed .

Measured at 25 „ C • 10„ C into

50 load at 50% symmetry

This specification includes peaking
effects of aberrations .

20 mV, 2.02 V to 20.00 V p-p
2 mV, 202 mV to 2.000 V p-p

.2 mV, 20.0 mV to 200.0 mV p-p

10 mV Open Circuit ; 5 mV into
50 2 .

REVJUL1982
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Characteristics

Triangle Linearity

Sinewave Distortion

C

Square Wave Output
Risetime

Falltime

Aberrations

Symmetry

Accuracy

Resolution

Selectable Range

Output Hold

Hold Frequency Range

Drift

REVJUL1982

< 10ns

0.5%, 20.0 Hz to 19.99 kHz

1.0%, 20.0 kHz to 99.99 kHz

Greatest harmonic at least 30 dB

down from 100 kHz to 20.0 MHz,

Measurement bandwidth limited to

approximately 300 kHz.

10ns

Performance Requirements

Table 1-4

WAVEFORM

<• (5% +20 mV)

Square Wave

< • 2% Symmetry for freq

freq 2 MHz

<<2 MHz

[3% + freq X 1 ns x 100%] Symmetry for

10% to 90% f ‚ 4 MHz

For f > 4 MHz, symmetry cannot be adjusted

beyond where a triangle transition less than

25 ns is required .

Specification - FG5010

Supplemental Information

Typically < 1%, 0.002 Hz to 200 Hz

Typically < 1%, 200 Hz to 100kHz

Typically < 2%, 100 kHz to 2 MHz

Typically < 10%, 2 MHz to 20 MHz

Measured from the 10% to the 90%

points on the waveform .

THD < 1% 0.002 Hz to 19.99Hz

Measurements taken at +25ƒC

+ 10ƒ C ambient with : V offset ,

6.32 V set amplitude terminated in

50 2. CONTmode , AM, VCF, FM,

and COMPLoff , SYM at 50%.

Measured into 50 2 .

Sine and triangle waveform

symmetry accuracy implied from

Square Wave performance .

2 digits , 1 percent steps

Output held at instaneous level .

.002 Hz to 200 Hz

D/A Conversion ,

no S/ H decay.

1-5
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Specification - FG 5010

Characteristics

Phase

(TRIG, GATE, BURSTmodes)

Selectable Range

1-6

Accuracy

Resolution

(Phase Lock Mode)

Selectable Range

Accuracy

Resolution

lol€ 90•
when 0.002 Hz

lol <87•

+12• + (

Performance Requirements

when f > 1 MHz

+2 • for f€ 500 kHz
f

l‚l € 90 •

for f > 500 kHz

Table 1-4 (cont )

|‚l € 80 •

f

20 MHz

20 MHz

ƒ3 • for f

+ 7• +

f€ 1 MHZ

Specifications apply for ambient

temperature of 25 • +10• C.

when 0.002 Hz € f € 1 MHz

X 19% X )• 1

„ 38 • )

20 MHz

20 MHz

500 kHz
f

40 • ) .
„ 40

X 20% X

when f > 1 MHz

Supplemental Information

+) …| …

When f > 1 MHz the generator will

free run when the phase range is
exceeded.

Measured at 25 • + 10• C ambient

with the output in normal , not
COMPLEMENTmode , VCFoff ,

Symmetry 50%.=

The baseline must be allowed to

settle for at least 4.5 †s before mea

suring accuracy .

1 degree

2 digits plus sign for 10• < l‚ | <

90•

1 digit plus sign for • <l <9•

Programmed phase is difference

between the rising edge of the

trigger output and the rising edge of

the input waveform as it passed

through the trigger threshold .

Note: Complementing the output
will extend the effective range
to + 180•

Internal time delays limit phase

for f >500 kHz accuracy at higher frequencies .

1 degree
2 digits plus sign for
10• < ll < 90•

1 digit plus sign for
• € 16 € 9•

REVJUL1982
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Characteristics

Time to Acquire Lock

Characteristics

TRIG, GATE, BURSTand

PH LOCKinput

Trigger

Input Impedance

Slope

Sensitivity

Maximum Input Amplitude

Minimum Pulse Width

Minimum Time between bursts

Maximum Trigger Frequency

Burst range

PH LOCKfrequency range

PH LOCKcapture range

Modulation Input

AM Input

Input Impedance

Sensitivity

REVJUL1982

Table 1-4( cont )

Performance Requirements

Table 1-5

AUXILIARYINPUT/ OUTPUT

Performance Requirements

Plus or minus , only plus available
in PH LOCK.

0.25 V p -p

25 nsec

25 nsec

20 MHz

1 to 9999 cycles

20 Hz to 20 MHz for SYM 50% upper
frequency limit is identical to that specified
under "Symmetry Selectable Range" for SYM
not equal to 50%.

Auto capture over 20 Hz to 20 MHz

5 V p- p produces 100% modulation .

Specification - FG5010

Supplemental Information

Typical times to ramp through
ranges with o

Range

• :

Time

20 MHz 2 MHz 8 msec
2 MHz ‚ 200 kHz 8 msec
200 kHz ‚ 20 kHz 80 msec
20 kHz ‚ 2 kHz 800 msec
2 kHz ‚ 200 Hz 8 sec
200 Hz below 88 sec

Maximum time to acquire lock is the
sum of the times required to ramp
through the ranges between the last
lock and the new lock .

Supplemental Information

Midpoint of Hysteresis internally
selectable : 0.0 V or +0.5 V (both

typically ƒ 100 mV)

Internally selectable . 50 ƒ 5%,

or (1 M + 20 pF) ƒ5%.

+5 V pk in 50 N

ƒ 20 V pk in 1 M„

Frequency Out - Frequency In

10 kg ƒ 5% when AM is selected .

to +2.5 V signal increases
carrier output .

to 2.5 V signal decreases
carrier output .

1-7



Specification - FG5010

Characteristics

Distortion

Bandwidth (3 dB)

Maximum Input Amplitude

FM Input

1-8

Input Impedance

Sensitivity

Dynamic range

Bandwidth (3 dB)

Distortion

Maximum Input Amplitude

VCFInput

Input Impedance

Sensitivity

Input Level

Bandwidth ( 3 dB)

Slew Rate

Max Input Amplitude

Trigger Output

Setup Capacity

Storage

Table 1-5 (cont )

Performance Requirements

to 1 V modulates to > € 1%

deviation from center frequency .

+3.5 V pk

V to 10.0V produces >1:1000

frequency change when programmed

VCFstart frequency Hz. VCFrange
will be limited above 4 MHz when

SYM # 50%. See "Symmetry Selectable

Range" for limits .

-3.5 V in

+ 100 mV to

an open circuit .

=

+ 10V

2 V from 50 22 into

10 sets of descriptions for parameters , modes ,

and input /output controls plus one for existing

operating state .

Supplemental Information

<2% for 10f mod
with 70% modulation

f• 2 MHz,

10 ‚ƒ + 5%.

f 20 MHz,< 4% for 10f

with 70% modulation
mod

Dc to 100 kHz.

When AM is turned on , carrier am

plitude is reduced to one-half the

displayed value . The displayed am

plitude becomes the maximum p-p

output that can be generated at

100% modulation .

€ 20 V pk

+10.0V pk to -3.5 V pk available

Typically dc to > 100 kHz

Typically <2%.

€ 20 V pk

10‚ƒ + 5 %.

VCFmode prevents further

frequency range switching and
allows selection of f Hz. The

top of the frequency ranges are:
20 MHz, 2 MHz, 200 kHz,

20 kHz, 2 kHz, 200 Hz, 20 Hz,

2 Hz, .2 Hz, and .02 Hz . Positive

going voltage increases frequency .

Dc to 100 kHz

Typically 0.063 V/ „s maximum

20 V pk

Stored settings remain only while

power module power is on .

REVJUL1982
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Characteristics

Settling Times

Frequency change

Frequency with range

change

Amplitude change

Amplitude with range
change

Symmetry change

Symmetry with range

change

Offset change

Phase change
TRIG, GATE, BURST

LOCK

Recall settings

Mode Change Times

Output ON/OFF

Normal / Complement

Other modes

Function Change Times

Waveform change

Modulation change

Table 1-6

GPIB

Performance Requirements Supplemental Information

NOTE: Multiple setting changes will typi

cally be less than sum of individual set

tling times .

<35 ms

<50 ms . Range boundaries at

2 MHz, 200 kHz, 20 kHz, 2 kHz,

200 Hz, 20 Hz, 2 Hz, 0.2 Hz and

0.02 Hz.

<20 ms

<27 ms . Range boundaries at

6.32 V, 2.00 V, 0.632 V, 0.200 V,

and 0.063 V.

Specification - FG5010

<27ms

<27 ms . Range change occurs when

switching to or from 50% symmetry .

<15ms

<16 ms
<16 ms

<58 ms

<8 ms

<15 ms

<16ms

<12 ms

<8 ms

1-9



Specification - FG5010

Characteristics

Fuse Data

25 Vac input from power module (2)

+26 V supply (1)

-26 V supply (1)

+8 V supply (1)

+12V supply (1)

€12 V supply (1)

Power Consumption

Power Dissipation

Recommended Adjustment Interval

Warm -up Time

1-10

Table 1-7

MISCELLANEOUS

Description

3 A, fast blow

3 A, fast blow

3 A, fast blow

5 A, fast blow

1 A, fast blow

All in Output Amplifier Board

All in Sine Shaper Board

1 A, fast blow

60 W (Includes power dissipated in power module components ).

40 W (Includes only power dissipated within the plug - in ).

1000 hours or 6 months , whichever occurs first .

20 minutes .
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Temperature

Operating

Non-operating

Humidity

Altitude

Operating

Non-operating

Vibration

Shockb

Bench Handling

Transportation

EMCe

ENVIRONMENTALCHARACTERISTICS

Characteristics

Electrical Discharge

Table 1-8

ENVIRONMENTAL

• C to +50 • C

-55 • C to +75• C

95% RH, • C to 30 • C

75% RH to 40 • C

45% RH to 50 • C

4.6 km (15,000 ft )

15km (50,000 ft )

0.38 mm (0.015")

peak to peak , 5 Hz
to 55 Hz, 75 minutes .

30 g's (1/2 sine ) 11ms.

duration 3 shocks in each

direction along 3 major
axes, 18 total shocks .

12 drops from 45 • , 4 ‚ or

equilibrium , whichever occurs
first .

Description

Specification - FG5010

Meets MIL-T- 28800B ,
class 5 .

Exceeds MIL-T-28800B ,
class 5 .

With power module .
"Requires retainer clip .
*Refer to TM 500/5000 power module specifications .
"Without power module .

*System performance subject to exceptions of power module or other individual plug -ins .

Exceeds MIL-T-28800B ,
class 5 .

Meets MIL-T-28800B ,

class 5 , when installed in

qualified power modules .

Meets MIL-T-28800B ,

class 5 , when installed in

qualified power modules .

Meets MIL-T-28800B ,

class 5 , when installed in

qualified power modules .

Qualiified under National Safe Transit Association Preshipment Test
Procedures 1A- B- 1 and 1A- B-2 .

Within limits of F.C.C.Regulations , Part 15, Subpart J, Class A; VDE0871;
and MIL-461Atests RE01, RE02, CE01, CE03, RS01, RS03, CS01, and
CS02.

RE01- Fails due to magnetic emissions from display drive .

CE03- Exceeds narrow band specifications by up to 4 dB at high amplitude

settings .

20 kV maximum charge applied to instrument case.
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Specification - FG5010

Finish

Net Weight

Overall Dimensions

Characteristics

1-12

Table 1-9

MECHANICAL

Enclosure Type and Style
per MIL- T-28800B

FG5010

Type

Style

PHYSICALCHARACTERISTICS

Description

Plastic laminate front panel .
Anodized aluminum chassis .

Approximately 6.2 lbs.

Height 5.0 in . (12.7cm )

Width 5.3 in . ( 13.5cm )

Length 12.2in . (31 cm )

|||

E (with 040 kit style F)
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OPERATINGINSTRUCTIONS

Introduction

This section of the manual provides operating informa
tion required to obtain the most effective performance from
the FG5010. Also included are installation and removal
instructions and a functional description of front panel con
trols and connectors . Operating modes are also discussed .
Remote operation and programming instructions are
contained in a separate section .

Installation and Removal

The FG5010 is calibrated and ready for use when re
ceived . It operates in two compartments of any TM 5000
Series GPIBcompatible power module . Refer to the power
module instruction manual for line voltage requirements and
power module operation .

Power
Module

Barrier

To prevent damage to the FG5010, turn the power
module off before installation or removal . Do not use
excessive force to install or remove.

Lockout
Guide

Check to see that the plastic barriers on the
interconnecting jacks of the selected power module com
partments match the cutouts in the FG 5010 circuit board

edge connectors . If they do not match , do not insert the
instrument until the reason is determined . When the units

are properly matched , align the FG 5010 chassis with the
upper and lower guides of the selected compartments (see
Fig. 2-1). Insert the FG 5010 into the power module and
press firmly to seat the circuit board edge connectors in the

power module interconnecting jacks . Apply power to the
FG 5010 by actuating the power switch on the power
module .

Bottom
Groove

Plastic
Lockout

CAUTION

Fig. 2-1. Installation and Removal.

Plug- in

Section 2- FG5010

Slot
Top

Groove

(2958-01)3897-02
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Operating Instructions - FG5010

To remove the FG 5010 from the power module , pull the
release latch ( located in the lower left corner ) until the
interconnecting jack disengages . The instrument will now
slide straight out .

Repackaging For Shipment

If the 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 contacted . Include complete instrument serial
number and a description of the service required .

Although the FG 5010 is calibrated and ready to use, the
functions and actions of the controls and connectors should

be reviewed before attempting to use it . All controls neces
sary for local operation of the instrument are located on the
front panel . Illuminated pushbutton switches provide visual
indication that a funciton is active . A brief description of

these controls follows . Refer to Fig . 2-2 .

READOUTDISPLAY

The FG5010 employs seven-segment LED'sto display a
numerical value (up to four digits ) and associated exponent
of the selected parameter . The following LEDindicators are
also displayed in the readout window .

PARAMETERUNITSOF MEASURE

HERTZ- Illuminated when FREQ(frequency ) is selected .

CONTROLS, CONNECTORS, AND DISPLAY

VOLTS- luminated when AMPL( amplitude ) or OFFSET
is selected .

DEGREES- Illuminated when PHASEis selected .

2-2

PERCENT- Illuminated when SYM (symmetry ) is
selected .

If the original package is not fit for use or not available ,

repackage the instrument as follows .

Surround the instrument with polyethylene sheeting or
other suitable material to protect the exterior finish . Obtain a
carton of corrugated cardboard of adequate strength and
having inside dimensions no less than six inches more than

the dimensions of the instrument . Cushion the instrument by

tightly packing dunnage or urethane foam between the car
ton and instrument , on all sides . Seal the carton with ship

ping tape or an industrial stapler .

The carton test strength for your instrument is 200 lbs .

GPIB INDICATORS

REMOTE- Illuminated when the FG 5010 is operating
under remote program control via the GPIB.

ADDRESSED€ Illuminated when the FG 5010 is either

"listening " or "talking " over the GPIB.

ERRORINDICATORS

ERROR- Illuminated when an attempt is made to enter
an invalid setup (front panel only ) , or when CPU fails to
maintain programmed frequency.

NOTENTERED- Begins to flash when a parameter en
try is started , and continues to flash until the entry has been
accepted as valid .

CONTROLSAND CONNECTORS

All controls , except trigger input impedance and trigger
level, necessary to operate the FG 5010 are located on the
front panel . Refer setting of these internal controls to quali
fied service personnel .

(8)
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(1) INSTID

2

3

4

Causes the FG5010 to display its bus address and
generate a service request (SRQ) over the GPIB.

FUNCTION

The buttons in this group are illuminated when the
associated function is active . These functions , ex

cept HOLD, are mutually exclusive .

SQUARE

(2)

HOLD

TRIANGLE

(~)

SINE( ) - Sinusoidal waveforms will be gen
erated at the output connector .

TRIG

GATE

MODE

The buttons in this group are illuminated when the
associated mode is active . These functions are mu

tually exclusive .

CONT

BURST

- Square waveforms will be gener
ated at the output connector .

PH LOCK

- Triangle waveforms will be gener
ated at the output connector .

REVJUL1982

- The output waveform (below
200 Hz) is held at its instantaneous
level .

- The waveform , at the programmed
frequency , is continuously generated .

- One complete cycle of the selected
waveform will be generated for each
trigger signal at the TRIG/ GATEIN
connector or each time the MAN but
ton is pressed .

- The selected waveform is generat
ed continuously for the duration of

the gating signal at the TRIG/GATE
IN connector or for as long as the
MAN button is held in .

- A pre-programmed number of cy
cles of the selected waveform is gen
erated for each trigger or gate signal
at the TRIG/ GATE IN connector or
each time the MAN button is

pressed .

- The waveform generated is phase
locked to the input trigger signal .

PARAMETER

The buttons in this group are illuminated when the
associated parameter is selected . These functions
are mutually exclusive .

FREQ - Allows the operator , via the key
board , to set or observe the frequen

cy of the output waveform .

5

6

AMPL

OFFSET

SYM

PHASE

N BURST

Operating Instructions - FG5010

- Allows the operator , via the key
board , to set or observe the ampli
tude of the output waveform .

- Allows the operator , via the key
board , to set or observe the dc offset

voltage .

- Allows the operator , via the key
board , to adjust or observe the sym
metry of the output waveform .

- Allows the operator , via the key
board , to set or observe the baseline
of the output waveform , with respect

to a ramp -up zero-crossing of the tri
angle , for TRIG, GATE, and BURST
modes . Also allows the operator , via
the keyboard , to set the phase rela
tionship of the triggertrigger output
waveform relative to the input trigger
signal for PH LOCKmode .

Allows the operator , via the key
board , to set or observe the number

of cycles that will be generated when
operating in the BURSTmode .

INCRSIZE - Allows the operator , via the key
board , to set or observe the size of

the increment /decrement step for the
parameter selected . If no value is set ,
the step size will default to the least
significant digit ( LSD) displayed . Key
board zero ( ) is used to return the
step size back to LSD.

INCREMENT

These two buttons incrementally vary the param
eter up (1) or down (ƒ) . When the button is pressed
and released , the parameter will be stepped one
unit of the defined increment size . When the button
is in the HOLDFORAUTO( press and hold ) posi
tion , the parameter will be stepped in units of the
defined increment size , but will accelerate to a rap
id rate , until the button is released or the parameter
limit is reached .

NUMERICKEYBOARD

These fifteen non -illuminated keys are used to es
tablish the numerical value of the selected param
eter and associated exponent . The function of the
0-9 keys should be self -explanatory . The other four
keys are briefly described below .

EEX - Followed by the +/- key and one
or more digits , sets the exponent to
be applied to the numerical value of
the selected parameter .

2-3
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7

+/

CLEAR

NOTE

The CLEARkey is the only key that will clear an error
in numeric entry.

2-4

ENTER

- Changes the sign of the phase and

offset voltages and the exponent . A
plus (+) sign will be assumed unless

the button is pressed to set a minus

(- ). Pressing the button when minus

(- ) is displayed changes the sign
back to plus ( +).

RECALL

- Clears the entry being attempted
and re-displays the current value of

the selected parameter .

SETUPS

These two non - illuminated keys access the ten
available memory locations .

STORE

- Enters a valid parameter into the
current operating setup .

- This key followed by one digit (0-9)
stores the last valid setup , except in
crement size and GPIB flags , in its

entirety , in the desired memory
location .

NOTE

Should the power to the FG5010 be interrupted for

any reason, all setups stored in the memory will be
lost .

SLOPE

- Recalls and activates the entire

setup stored in the selected memory
location . The contents of all

undefined memory locations default

to power-on settings .

8 ATRIG/GATEIN

Connector for coupling the external trigger or gate
signal to the FG5010.

NOTE

Input voltage limited to €5 Vpeak.

- Selects the slope ( + or - ) of the
input signal upon which the output
waveform will be triggered . Button is
illuminated when + slope is selected .

9

MAN

TRIG'D

ON

FLASHING - Input triggered at greater than
approximately a 10 Hz repetition

rate or following the input signal at

slower repetition rates .

OFF

- Manual trigger control . With no sig

nal applied to the TRIG/GATEIN con

nector , provides one output cycle in
the TRIGmode , a burst of n cycles in
the BURSTmode , or continuous out

put until the button is released in

GATEmode .

10A

- This indicator is active in TRIG,
andGATE, BURST PH LOCK

modes . It will be in one of the follow

ing three states .

LOCK'D Illuminated when the phase of the out

put waveform is locked to the input trigger signal

(PH LOCKmode only).

- Input potential above threshold

level with + SLOPEselected or

below threshold level with

SLOPE selected . Output deter

mined by mode selected .

AM INPUT

With a modulating signal applied to this connector ,
activation of the AM function causes the output

waveform to be amplitude modulated . With no sig

nal applied , activation of this function reduces out

put amplitude by 50%. This button is illuminated
when the function is active .

FM

- Input potential below threshold
level with + SLOPEselected or

above threshold level with

SLOPEselected . No output .

VCF

FM/ VCFINPUT

These two buttons are illuminated when the re

spective function is active . These functions are mu

tually exclusive .

NOTE

Input voltage limited to € 11Vpeak.

- With a modulating signal applied to
the INPUT connector , activation of
this function causes the output
waveform

modulated .
to be frequency

- With a voltage source applied to
the INPUT connector , activation of

this function causes the frequency of
the output waveform to be voltage

controlled . A positive going voltage
will increase the frequency of the out
put signal .
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NOT
EITERED

FUNCTION MODE
SQUARE CONT

9

TRIANGLE

SINE

HOLD

INPUT

2.5V 100%
€ 5VPK

Tektronix

TRIG

BURST

FG 5010 PROGRAMMABLE20MHz FUNCTION GENERATOR

HERTZ

VOLTS
DEGREES
PERCENT

PH LOCK

3

8

FREQ

N BURST

LOCK'D

INCR SIZE

TRIGGER
TRIG'D MAN

SLOPE+ ON

OFF
ASEE AIG/ GATEIN
MANUA

4 5

25VPK

RAMET
AMPL

PHASE

EXPONENT

INCRIMENT

FM

OFFSET

8
HOLD FOR AUTO

10

INPUT

€11VPK

VCF

•

‚ƒ‚ƒ‚
•

‚•

11

ASEE
MANUAL

6

LSD

„

U
„

U
„

L
„

D

SETUP
STORE ECALL

TRIG OUTPUT

+2V FROM SON

Fig . 2-2 . Controls and Connectors .

1

12

„

O
„

U
„

CLEAR

Operating Instructions - FG5010

1

REM TE
ADDESSED
ERROR

COMPLEMENT

INSID

EEX

000

ENTER

OUTPUT
ON

OUTPUT

MAX 20VP-PFROM 500

3467-03
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11 TRIGOUTPUT

Onetrigger pulse is generated at this connector for

each cycle of the output waveform . The trigger out
put remains positive during the off time of the
TRIG, GATE, and BURSTmodes .

(12) OUTPUT

This connector is the main output for all waveforms
generated by the FG 5010.

Output Connections

The output of the FG 5010 is designed to operate as a
50 voltage source working into a 50 load . At higher fre
quencies , an unterminated or improperly terminated output
will cause aberrations on the output waveform . Loads less
than 50 will reduce the waveform amplitude .

Excessive distortion or aberrations , due to improper ter
mination , are less noticeable at the lower frequencies (espe
cially with sine and square waveforms ) . To ensure wave
form purity , observe the following precautions .

OPERATINGCONSIDERATIONS

1.Use good quality 50 2 coaxial cable and connectors .

2. Make all connections tight and as short as possible .

3. Use good quality attenuators if it is necessary to re
duce waveform amplitude applied to sensitive circuits .

2-6

4. Use terminations or impedance -matching devices to
avoid reflections when using long cables (six feet or more ) .

5. Ensure that attenuators , terminations , etc. have ade
quate power handling capabilities for the output waveform .

If there is a dc voltage across the output load , use a
coupling capacitor in series with the load . The time constant
of the coupling capacitor and load must be long enough to
maintain pulse flatness .

ON

COMPLE
MENT

- When this button is illuminated ,

the output is as defined by the

programmed parameters . When

the button is extinguished , gener
ated signals are disconnected
from the connector .

- When this button is illuminated ,

the output waveform is comple
mented . Offset remains the same .

Impedance Matching

If the FG5010 is driving a high impedance such as the
1 MS input impedance (paralleled by a stated capacitance )
of the vertical input of an oscilloscope , connect the trans
mission line to a 50 attenuator , 50 2 termination , and then

the oscilloscope input . The attenuator isolates the input ca
pacitance of the device , and the FG 5010 is properly
terminated .

First Time Operation

The controls and connectors pages give a description of
the front panel controls . The function and mode selection
controls are outlined in blue . The parameter selection , mem
ory, and output controls are outlined in gray . The trigger
controls and input are outlined in green .

The following exercise will familiarize the operator with
most functions of the FG 5010.

NOTE

If any discrepancies are encountered during the exer
cise, refer the condition to qualified service personnel.

Connect the FG5010 OUTPUTto the vertical input of an
oscilloscope . Use a suitable length of 50 M coaxial cable and
a 50 2 termination . Apply power to the oscilloscope and the
FG 5010 power module .



When powered up , the FG 5010 performs a diagnostic
self-test to check the functionality of the ROM and RAM. If
an error is found , an error code will be displayed in the
readout window . Error code definitions are listed in Table
2-1. The FG5010 will not respond to input until the error is
cleared .

Table 2-1

FRONTPANELERRORCODES

Code

301 Interrupt fault

302 System error
311 Period measurement failed to complete
312 Period measurement overflow occurred

Shift register ( in VIA) failed to function

Error

313

314
315 Phase lock status over and under range at the same

time

316
320

Mag-latch relay strobe interrupt failed to occur

Automatic frequency correction range exceeded
VIAfault on CPU board

321 Trig/Gate control error on CPU board

322 4 MHz reference frequency clock or counter fault
323 Frequency control logic fault on Loop 2 board

324 Loop cycle counter fault on Loop 2 board

325 Frequency prescaler fault on Loop 2 board
326 Low freq generator fault
327 No signal detected from Loop 1 board

328 Inadequate freq range - 2 kHz range
329 Inadequate freq range - 20 kHz range
330 Inadequate freq range - 200 kHz range
331 Inadequate freq range - 2 MHz range
332 Inadequate freq range - 20 MHz range
333 Burst counter fault

334 Offset generator fault
335 Amplitude DAC error

336 Amplitude attenuator error
337 Waveform shaping error
338 Normal /complement error
339

340 Faulty RAM found (U1400)
341 Faulty RAM found (U1500)

350 Faulty RAM found in MPU chip

370 ROM placement error at address A000

372 ROM placement error at address C000
374 ROM placement error at address E000
390 ROM checksum error at address A000

392 ROM checksum error at address C000
394 ROM checksum error at address E000

Low freq generator DACerror

If no error is found , the instrument enters the local state

with the settings listed in Table 2-2.

Operating Instructions - FG5010

The display will read 1.000 +3 and the HERTZindicator
will be illuminated .

Verify that the listed conditions have been set.

Pushbuttons marked with an asterisk ( *) will be illuminated .
Function Condition

*FREQ

AMPL

OFFSET

PHASE

SYM

N BURST

FUNCTION

Table 2-2

POWER-UP CONDITIONS

MODE

HOLD
*SLOPE
GATE

OUTPUT

COMPLEMENT

AM

FM

VCF

1.000 kHz
0.5 volts

0.0 volts

Deg
50%

10

*SINE
*CONT

Off

POSITIVE( +)
Off

Off

Off

Off

Off

Off

Press the AMPLbutton . The button will light , the display
will read 500 -3 , and the VOLTSindicator will be on .

Press the OFFSETbutton . The button will light , the dis
play will read 0.00 , and the VOLTSindicator will be on .

Press the SYM button . The button will light , the display
will read 50 , and the PERCENTindicator will be on .

Press the PHASEbutton . The button will light , the dis
play will read , and the DEGREESindicator will be on .

Press the N BURST button . The button will light , the
display will read 10, and all parameter indicators will be off .

Press the FREQbutton .

Set the oscilloscope controls to :
Vertical.2 V/ Div
Horizontal - 1 ms / Div

2-7



Operating Instructions - FG5010

Turn the FG5010 OUTPUTon the button will be

illuminated .

-

The oscilloscope will display one complete cycle of the

sine wave per division across the graticule . The waveform

amplitude will be two and one half vertical divisions .

Alternately press the SINE, SQUARE, and TRIANGLE

buttons and observe the various waveforms on the oscillo

scope. The button will be illuminated when a particular

waveform is being displayed .

With no input signal applied to the TRIG/GATEIN con

nector , modes other than CONTcan be observed using the
manual trigger button .

Press the TRIGbutton . The button will light and the oscil

loscope will display a dc level . Press the MAN button re

peatedly and observe that the TRIG'Dindicator blinks each

time the button is pressed . Also observe that , depending on
where along the oscilloscope sweep the trigger pulse oc

curs , one cycle of the selected waveform will be generated .

Press the GATEbutton . The button will light and the os
cilloscope will display a dc level . Press the MAN button sev
eral times . Observe that the TRIG'D indicator will be

illuminated and the selected waveform will be displayed as
long as the button is held in .

Press the BURSTbutton . The button will be illuminated

and the oscilloscope will display a dc level . Press the MAN

button repeatedly . Observe that the TRIG'Dindicator will
blink each time the button is pressed . Also observe that ,
depending on where along the oscilloscope sweep the trig
ger pulse occurs , ten cycles of the selected waveform will be

generated .

The PH LOCKmode cannot be observed without the ap

plication of an external trigger signal .

Keyboard

The function of the numeric keyboard is to set parameter
values and polarity , select increment size , and access the
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memory . The following will familiarize the operator with the

keyboard .

Press the FREQbutton . The button will be illuminated ,

the display will read 1.000 +3 (1 kHz) , and the HERTZindi

cator will be on .

On the keyboard , press key 2 and ENTER. The display

will read 2.000 (2 Hz) and the HERTZindicator will be on.

Observe that when key 2 was pressed , the NOTENTERED

indicator started blinking , and continued to blink until the

ENTERkey was pressed , completing a valid entry . Also ob

serve that the frequency of the displayed waveform

changed accordingly .

Press the INCREMENT (down ) button . The display will

read 1.999(Hz). Press the INCREMENT€ ( up ) button twice .

The display now reads 2.001 (Hz). Press the INCREMENT

(down ) button again . The display now reads 2.000(Hz). No

tice that there is an audible relay click when the display
changes from 2.000 to 2.001 and again when it changes

back to 2.000. This relay click is the change in range. The

FG5010 changes frequency ranges at 2 in decade steps.

Increase the frequency several ranges , one at a time , and
observe the range changes . Notice that when at attempt is

made to enter 2 EEX 8 , which exceeds the limit of the

FG5010frequency range , the NOTENTEREDand ERROR
indicators will blink . To relieve this condition press the

CLEARkey. The last valid entry will now be displayed .

Value changes to the other paramters are accomplished
in the same manner discussed above . Select the parameter ;
set the numeric value , decimal point , and exponent (EEX) as
desired ; press ENTER.

Notice that the FG 5010 will ignore a command to incre

ment a step size large enough to set the selected parameter
beyond specified limits .

The remaining functions (AM , FM , and VCF) cannot be
observed without external signals .

This completes the operators front panel familiarization
exercise .



This part of the manual discusses local front panel operation
only. Refer to the Programming section for remote oper
ation and programming details .

OPERATINGMODES

Continuous (free - running ) Output

The following procedure will provide continuous output
from the FG5010.

1.Select the desired waveform and press the CONT
button .

2. Press FREQand , via the keyboard , enter the desired
frequency .

3. Press AMPL and , via the keyboard , enter the
waveform amplitude .

4. Connect the load to the FG 5010 OUTPUTconnector

using suitable cable , attenuators terminators , etc.

5. Press the OUTPUTON button .

When operating in the continuous mode , the output
waveform and any applicable parameter can be changed at
any time .To monitor the value of a given parameter , simply
press the appropriate button ; the value will be displayed
with no affect on the output .

The HOLDfunction can be activated in this mode when

the frequency of the output waveform is 200 Hz or less .The
output will be held at its level until the HOLD button is
pressed again .

Triggered , Gated, and Burst Output

These modes require application of an external trigger
signal or manipulation of the manual trigger button . The out
put can also be triggered remotely over the GPIB; refer to
the Programming Section for details .

NOTE

Frequency accuracy is degraded in these modes (see
specifications ). Frequency accuracy can be improved
( 0.1%) by setting up for CONT operation then
switching to one of the triggered modes.

REVJUL1982
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The trigger input impedance and trigger threshold level
are selectable . The FG 5010 is shipped from the factory with
the trigger input impedance set at 1 M , which can be
changed to 50 . The trigger threshold level is set at 0.5 V
and can be changed to volts . These parameters are
changed by relocating internal jumpers .

WARNING

Refer qualified service personnel to the Maintenance
section of this manual for jumper locations .

When operating in these modes , the TRIG'Dlight func
tions as a trigger level indicator . With + SLOPEselected ,
when the input signal is above the threshold level the
TRIG'Dlight will be continuously on . When the input signal
is below the threshold level , the TRIG'Dlight is continuously
off. A flashing light means the input signal is transitioning
the threshold and toggling the input . When -SLOPEis se
lected , the TRIG'Dlight functions as for + SLOPEbut the
polarities are reversed .

It should be noted that the generator can be triggered
manually only on + SLOPEwhen operating in these modes .

Triggered Output

In this mode , one cycle of the selected waveform is gen
erated for each trigger signal at the TRIG/ GATEIN connec
tor . Set up is as described under Continuous Output . Unless
the SLOPEbutton is extinguished to select - SLOPE, +
SLOPEwill be assumed .

Gated Output

In this mode , the selected waveform is generated con
tinuously for the duration of the gating pulse applied to the
TRIG/GATEIN connector . If triggered manually , output will
be continuous until the MAN button is released . As in trig
gered mode, + SLOPEwill be assumed unless the SLOPE
button is extinguished to select - SLOPE.

Burst Output

In this mode , a pre-determined number of cycles of the
selected waveform is generated each time the generator is
triggered . The number of cycles per burst is selectable via
the keyboard from 1 to 9999. The first pulse edge to pass
through the threshold level will trigger the generator . All sub
sequent pulses will be ignored until the selected burst is
complete . The next pulse after the burst is complete will
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restart the generator and repeat the burst . If desired , the

burst can be triggered with the manual trigger button .

Phase Lock Output

The FG 5010 utilizes Auto Scanning Phase Lock for this
mode of operation . The control circuit automatically

changes frequency ranges until the input signal is within

capture range and phase lock can occur . The instrument will

automatically lock on any toggling input of sufficient ampli
tude within the 20 Hz to 20 MHz range . When phase lock
has occurred , the LOCK'Dindicator will be illuminated .

Modulated and Voltage Controlled Output

The FG5010 output can be amplitude modulated (AM),
frequency modulated ( FM) , or swept with a voltage applied
to the input connector (VCF).

Amplitude Modulation (AM) - A modulating signal of ap
proximately 5 V peak to peak applied to the AM INPUTcon
nector will provide 100% modulation of the output . It should
be noted that when AM is selected , with no input signal

applied , the amplitude of the output waveform is reduced by
50%. This is done so that at 100% modulation , the peak -to
peak amplitude of the output will be as selected by the
operator .

Frequency Modulation ( FM) - When this function is acti

vated , the output signal becomes the FM carrier . A modulat
ing signal applied to the input connector will deviate the
output approximately 1% per volt .

Voltage Controlled Frequency (VCF) - The frequency of
any selected waveform can be swept within a range of
1000:1 by connecting a voltage source to the FM/VCFIN
PUTconnector . The polarity of the VCFinput signal deter
mines which direction the output will deviate from the
selected frequency . A positive going voltage increases the
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frequency , while a negative going voltage decreases the fre

quency. The amplitude and polarity of the input voltage can

be selected within a range of +10V to -3 V depending on

the output frequency selected .

It should be noted that , although the FG5010 is capable

of three decades of sweep , the full 1000: 1 frequency vari

ation may not be possible . The generator can only be swept

to the top of its normal frequency ranges . The FG5010 fre

quency ranges change at 2 in decade steps from .02 Hz

through 20 MHz.

When the VCF function is activated , the range within

which the selected output frequency falls is locked , which
sets the upper sweep limit . If for instance , 10kHz (which
falls within the 2 kHz to 20 kHz range ) is selected as the

output frequency , the generator can only be swept up to

20 kHz. If a second , or start , frequency is not selected after
activating VCF, 10 kHz will be the assumed start frequency .
With sufficient positive voltage applied to the input connec

tor , the output will sweep between 10 kHz and 20 kHz. It

will take significantly less than 10 volts to accomplish this ,
resulting in considerably less than a 1000:1 sweep. The out

put can also be swept downward as far as a negative 3 volt
signal will take it .

A second , or start , frequency can be selected after acti

vating the VCFfunction . Provided the two frequencies are
not more than three ranges apart , the output can be swept
between them . For example ; select 10 kHz (20 kHz is top of
range ) , activate VCF, and select 20 Hz. Under these condi

tions , with adequate positive voltage applied , the output will
sweep between 20 Hz and 20 kHz , a full three decades.

Since zero frequency can be selected , total external con
trol of the frequency capabilities of the FG 15010is possi
ble. The generator can be swept between and 2 Hz

(1000:1) with a positive 10 volt input signal .



MISCELLANEOUSOPERATINGCONSIDERATIONS

Memory

Up to ten complete instrument setups can be stored in
the FG5010 memory . All operating functions except incre
ment size are stored . Once a setup has been stored , it re
mains in memory until changed or power is removed .
Recalling a setup does not erase it from memory .

NOTE

If power is interrupted for any reason, all memory is
lost and will revert to power up conditions when pow
er is restored .

At power up , the initial settings described under First

Time Operation are all stored in each of the ten memory
locations . To store a setup , it is necessary to enter into
memory only those functions that are different than the

power up setting . Once a setup has been defined , a STORE

command followed by a to 9 digit and ENTERplaces the
setup in the selected memory location . A RECALLcom
mand followed by a to 9 digit and ENTERwill retrieve the
data in the specified location . To change part or all of a

setup in memory , call up the desired function (s), set the new
value(s), and enter a STOREcommand for the location that
contains that setup ; the new information is written over the
old .

Increment

The INCREMENTbuttons allow the numeric value of the

function parameters to be increased or decreased in

selectable step size . At power up , the increment size for all
parameters defaults to the least significant digit (LSD) dis
played . The increment size for any parameter can be set to
any value within specified limits .

Operating Instructions - FG5010

To set increment size:

1) Call up the desired parameter ;
2) press the INCR SIZE button ;

3) enter the numeric value on the keyboard ; and
4) press ENTER.

Notice that the INCR SIZ€ button is illuminated during
this operation . When the entry has been accepted as valid ,
but button is extinguished . The next parameter may now be
called up .

A single depression of the desired increment button will

change the value of the selected parameter by one step .
When the button is held in the HOLDFORAUTOposition ,
the parameter value will increment automatically up or down
until the button is released or the parameter limit is reached .
When in AUTOincrement , the rate of change is slow at start
and accelerates to a very rapid , finite rate . To revert to the
LSDcondition , select INCR SIZE, press (LSD) on the key
board , and ENTER.

It should be noted that an attempt to increment a param
eter beyond specified limits will be ignored . No error condi
tions results .

Errors

When an attempt is made to enter an invalid or out of
range number from the keyboard , the ERRORand NOTEN
TEREDindicators will blink . All further instructions will be

ignored until the error is cleared . Depressing the CLEAR
button returns the instrument to the condition it was in just
prior to the start of the invalid entry .

If any key other than the numeric keyboard generates a
conflict , only the ERRORindicator will blink . Errors of this

nature are cleared by depressing any key except INST ID
and the key that caused the error.

Errors caused by front panel entries do not generate a
service request (SRQ) . Erroneous commands received over

the GPIBgenerate a service request , but do not display an
error code on the front panel . Refer to the Programming
Section .
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PROGRAMMING

INTRODUCTION

This manual section provides the information required for
programming the FG5010 Programmable 20 MHz Function
Generator via the IEEE-488 bus . This information assumes

that the reader is knowledgeable in IEEE-488 bus communi
cation and has had some experience in programming the
system that acts as the controller for the FG 5010.Commu
nication via the IEEE-488 bus is specified and described in
IEEE-Standard 488-1978, Standard Digital Interface for
Programmable Instrumentation€ . TM 5000 instruments are
designed to communicate with any bus compatible control
ler that can send and receive ASCIImessages (commands )
over the IEEE-488 bus . These commands program the in
struments or request information from the instruments .

Commands for TM 5000 programmable instruments are
designed for compatibility among instrument types . The
same commands are used in different instruments to control

similar functions . In addition , commands are specified in
mnemonics that are related to the functions implemented .
For example , the INIT command initializes instrument

settings to the power-up states .

Commands are presented in three formats :

• Command Functional Groups- A command list divid
ed into functional groups with brief descriptions of
commands .

€Published by the Institute of Electrical and Electronics Engi
neers, Inc., 345 East 47th Street , New York, N.Y. 10017.

Section 3- FG5010

• Control/Command Associations - A front panel illus
tration showing command relationships to front panel
operation and internal parameters .

Detailed Command Descriptions - An alphabetically
arranged presentation of all commands with complete
detailed descriptions .

TM 5000 programmable instruments connect to the
IEEE-488 bus through a TM 5000 power module . (Refer to
the Operating Instructions section of this manual for infor

mation on installing the FG5010 in the power module . Also,
it would be advantageous to reveiw that section to become

familiar with front panel and internally selectable instrument
functions . The IEEE-488 bus primary address for the
FG5010 is selectable from the back of the insrument when

it is removed from the power module . The FG5010 is

shipped with the address set to decimal 24. The message
terminator is also selectable from the back of the instrument

when it is removed from the power module . ( Message termi
nators are described in this section , in the portion entitled
Messages and Communications Protocol .) TM 5000 instru

ments are shipped with this terminator set to EOI only.
Pressing the INST ID push button causes the FG 5010 to

display its selected IEEE-488 bus primary address ; the
right -hand decimal point lights if the selected message
terminator is LF/ EOI.
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The FG5010 is controlled either by front panel controls
or through commands received from the controller . These

commands are of three types :

Setting control instrument settings .
Query/Output - request data .
Operational - cause a particular action .

When the instrument is in the remote state , it provides a
response or executes all commands as appropriate . In the
local state , only query/ output commands are executed ; set
ting and operational commands generate error responses ,
since instrument functions are under front panel control .

Command Functional Groups

The following list of commands is arranged by functional
group ; the instrument commands group is in turn divided

into sub-groups by classification .

Instrument Commands

COMMANDS

Function Selection

FUNCSINE- Selects sine waveform for output .

FUNCSQUARE- Selects square waveform for output .

FUNC TRIANGLE- Selects triangular waveform for
output .

FUNC?-Returns output waveform selection status .

HOLDON- Causes output voltage to be held at current
value .

HOLDOFF- Causes resumption or continuance of se
lected output waveform .

HOLD? Returns hold status , on or off .

SINE- Selects sine waveform output .

SQUARE- Selects square waveform output .

TRIANGLE- Selects triangular waveform output .

Mode Control

MODECONT- Selects continuous output mode .

MODE TRIG- Selects triggered output mode .

MODEGATE- Selects gated output mode .
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MODEBURST- Selects burst output mode .

MODELOCK- Selects phase locked output mode .

MODEPHLOCK- Selects phase locked output mode .

MODE?-Returns mode status .

Trigger Control

GATEON- Causes gated output to be enabled .

GATEOFF- Causes gated output to be disabled .

GATE? Returns gate status , on or off.

LOCK? Returns phase lock status .

MANUAL- Causes finite duration output , with duration
dependent upon mode .

MTRIG- Causes finite duration output , with duration de
pendent upon mode .

SLOPEPOS- Selects low to high trigger transition .

SLOPENEG- Selects high to low trigger transition .

SLOPE? Returns selected transition status .

TRIG? Returns state of trigger /gate input signal .

Parameter Settings

AMPL- Selects peak -to -peak output amplitude .

AMPL?-Returns selected output amplitude .

FREQ- Selects output frequency .

FREQ?-Returns selected output frequency .

NBUR- Sets number of cycles in each burst in burst
mode .

NBUR? Returns selected burst number .

OFFS Sets output offset voltage .

OFFS? Returns selected offset voltage .

PHAS- Selects relationship of output signal phase to
trigger / gate signal phase.

PHAS? Returns selected phase angle .

SYM- Selects output signal duty cycle.

(@



SYM? Returns selected duty cycle .

Modulation Control

AM ON- Causes amplitude modulation to be enabled .

AM OFF- Causes amplitude modulation to be disabled .

AM? Returns amplitude modulation status , on or off.

FM ON- Causes frequency modulation to be enabled .

FM OFF- Causes frequency modulation to be disabled .

FM?-Returns frequency modulation status .

VCF ON- Causes voltage controlled frequency to be
enabled .

VCFOFF- Causes voltage controlled frequency to be
disabled .

VCF?-Returns voltage controlled frequency status .

Stored Settings

LLSET Causes instrument to assume settings
contained in binary block argument .

REC- Reinstitutes settings that were previously stored .

SEND- Selects stored settings data for output .

STOR- Stores current settings for later use.

Display Selection

DISP FREQ- Causes display of programmed output
frequency .

DISP AMPL- Causes display of programmed output
amplitude .

DISP OFFS- Causes display of programmed output off
set voltage .

DISP NBURST- Causes display of programmed output
burst length .

DISP PHASE- Causes display of programmed output
phase angle .

DISP SYM- Causes display of programmed output duty
cycle.

Input / Output Control Commands

COMPON- Selects complemented output signal .

Programming - FG5010

COMPOFF- Selects uncomplemented output signal .

COMP?-Returns output signal status , complemented
or uncomplemented .

OUTON Causes output signal to be supplied from front
panel connector via relay contact closure .

OUTOFF- Causes output signal to be disconnected
from front panel connector via relay contact opening .

OUT? Returns output signal status , on or off.

System Commands

DTSET- Causes instrument to wait for <GET> before

updating settings .

DT TRIG- Causes instrument to trigger on <GET>
with output dependent upon mode .

DTGATE- Causes gate signal to toggle on <GET> in
gate mode.

DT OFF- Disables <GET> function .

DT? Returns device trigger status .

ERR?-Returns code of last error reported by serial poll.

ID? Returns instrument identification information .

INIT- Causes initialization of instrument parameter
settings .

SET? Returns information on current instrument

settings .

TEST- Causes instrument to suspend signal output and
perform self tests .

Status Commands

PLION- Causes phase lock interrupt to be enabled .

PLIOFF- Causes phase lock interrupt to be disabled .

PLI?-Returns phase lock status , on or off .

RQSON Enables service request generation .

RQSOFF- Disables service request generation .

RQS? Returns service request generation status , on or
off .

USERON- Enables service request generation upon
user's pressing front panel INST ID pushbutton .
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USEROFF- Disables service request generation by
user .

USER?€ Returns user SRQgeneration status , on or off .

Control / Command Associations

Figure 3-1 shows the FG 5010 front panel and its control
relationships to associated commands .

Detailed Command Descriptions

Each FG5010 command , like those in all TM 5000 in

struments , begins with a header , which is a word or acro
nym that describes the function implemented . Following the
header , many commands require an argument , which is a
word or number that specifies the desired state for the func
tion . The commands are presented alphabetically on the fol
lowing pages . In this presentation , the following notations
are used to represent elements of the IEEE-488 bus com
munications between the FG 5010 and the controller .

<GET>

3-4

- The Group Execute Trigger interface mes
sage (decimal code 8 transmitted with at

<NUM>

<BINBLK>

tention asserted ). Only addressed

listeners respond to <GET>.

-A number that can be transmitted or ac

cepted by the FG 5010. Numbers may be

in NR1(integer ) , NR2 (decimal ) , and NR3

(with exponent ) formats . (See ANSI Stan

dard X3.42.)

-A Binary Block of data in the format

specified in Tektronix Codes and Formats

(V79.1). The binary block consists of the

percent sign (%, decimal 37) followed by a

two-byte binary count and the data bytes ,

and ends with a checksum . The two-byte

binary count (integer , most significant

byte first ) specifies the number of data

bytes plus the checksum byte. The

checksum is the two's complement of the

modulo -256 sum of the preceding binary

data bytes and the binary count bytes , but
does not include the percent sign .

(8)



MODECONT
MODE TRIG
MODEGATE
MODE BURST
MODE LOCK
MODEPHLOCK
MODE?

FUNCSINE
SINE
FUNCSQU
SQUARE
FUNCTRI
TRIANGLE
FUNC?
HOLDON
HOLDOFF
HOLD?

AM OFF
AM ON
AM?

NOT
ENTERED

2
FUNCTION MODE

SQUARE CONT

TRIANGLE

2

00:00

€

MTRIG
MAN
TRIG?
LOCK?

SINE

HOLD

-AM

INPUT

2.5V=100%
*SVPK

GATEOFF
GATEON
GATE?

General Commands :
INIT
SET?
TEST
ERR?

DISPFREQ
DISPAMPL
DISP OFFS
DISP NBUR
DISPPHASE
DISP SYM

TRIG

GATE

FG 5010 PROGRAMMABLE20MHz FUNCTION GENERATOR

BURST

PH LOCK

PLION
PLIOFF
PLI?

FREQ

TRIGGER
TRIG'D MAN

LOCK'D

INCR SIZE

SLOPEON
SLOPEOFF
SLOPE?

N BURST PHASE

- OFF
ASEE TRIG/ GATEIN
MANUAL

SLOPE+ ON

RQSON
RQSOFF
RQS?
DTSET

• 5VPK

FREQ<num :
FREQ?
NBUR <num
NBUR?
PHA <num
PHA?

PARAMETER
AMPL

EXPONENT

FM

INCREMENT

OFFSET

HOLD FOR AUTO

INPUT

FM OFF
FM ON
FM?

‚ 11VPK

VCFOFF
VCFON
VCF?

SYM

VCF

ƒ
„
ƒ

„
ƒ

„
ƒ

„ƒ-LSD

DT TRIG
DT GATE
DTOFF
DT?

SYM<num
SYM?
AMPL <num >
AMPL?
OFFS<num >
OFFS?

SEE
MANUAL

HERTZ

VOLTS
DEGREES
PERCENT

…

D
…

U
…

D
…

D

SETUPS
STORE RECALL

TRIG OUTPUT

+2V FROM 5032

(

Fig . 3-1. Command associations to controls .

CLEAR

REMOTE
ADDRESSED
ERROR

INST ID

00:00

COMPLEMENT

EEX

ENTER

OUTPUT
ON

OUTPUT

MAX ZOVP-P
FROM 5002

STOR<num
STOR<num >:<BIN BLK>
REC<num
SEND <num >
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USEROFF
USERON
USER?
ID?

OUTOFF
OUTON
OUT?
COMPOFF
COMPON
COMP?

3467-04
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AM (Amplitude Modulation )

Type:
Setting or Query

Setting Syntax:
AM ON

OFF

Examples :
AM ON
AM OFF

Query Syntax:
AM?

Query Response:
AM ON;
AM OFF;

Discussion :

The AM command enables or disables the FG 5010 am

plitude modulation function . When enabled , the signal ap
plied to the AM input connector modulates the output signal
amplitude . When amplitude modulation is selected , the

open-circuit output amplitude is reduced to half the pro

grammed value with no modulating signal applied . At 100
percent modulation , the open-circuit peak -to-peak output
amplitude is equal to the programmed amplitude . Valid argu
ments are:

ON Enables the amplitude modulation function .

OFF- Disables the amplitude modulation function .

The power-on settings is AM OFF. An AM query returns
the function status .

3-6 AM

AMPL(Amplitude )

Type:
Setting or Query

Setting Syntax :
AMPL<NUM>

Examples:
AMPL1000E-3
AMPL1
AMPL0.5

Query Syntax :
AMPL?

Query Response:
AMPL<NUM>;

Discussion :

The AMPLcommand sets the FG5010 output peak -to

peak open-circuit amplitude to the value specified by the

argument . The argument is specified in volts . The power-on

setting is 0.5 volt ("500.0E- 3 ") . An AMPLquery returns the
amplitude .

The argument range is 0.0 to 20.0 V; the argument reso
lution is as follows :

20 mV from 2.0 V to 20.0 V
2 mV from 0.2 V to 2.0 V
0.2 mV from 0.02 V to 0.2 V

There is only one valid setting below 0.02 V; it is 0.0 V.

The peak amplitude ( half of the programmed value) plus the
offset must be 15.0V or less .

AMPL (8)
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COMP(Complement )

Type:
Setting or Query

Setting Syntax:
COMPON

OFF

Examples :
COMPON
COMPOFF

Query Syntax :
COMP?

Query Response:
COMPON;
COMPOFF;

Discussion :

The COMPcommand controls the complementing of the
FG5010 output waveform . The offset voltage remains un
changed . Valid arguments are:

ON Causes the output waveform to be inverted .

OFF Causes the output waveform to be not inverted .

(8)

The power-on setting is COMPOFF. A COMPquery re
turns the output waveform status .

COMP

DISP (Display)

Type:
Operational

Syntax :
DISP FREQ

AMPL
OFFS
NBURST
PHASE
SYM

Examples :
DISP FREQ
DISPAMPL
etc.

Programming - FG5010

Discussion :

The DISP command selects the FG 5010 output signal
parameter to be displayed . Valid arguments are:

FREQ- Causes the programmed output frequency to be
displayed .

AMPL- Causes the programmed output amplitude to be
displayed .

OFFS- Causes the programmed output offset voltage
to be displayed .

NBURST- Causes the programmed output burst length
to be displayed .

PHASE- Causes the programmed output phase value
to be displayed .

DISP

SYM- Causes the programmed output symmetry value
to be displayed .

The FREQparameter is displayed at power-on .

3-7
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DT (Device Trigger)

Type:
Setting or Query

Setting Syntax :
DT SET

TRIG
GATE

OFF

Examples :
DT SET
DT TRIG
DT GATE
DTOFF

Query Syntax :
DT?

Query Response:
DT SET;
DT TRIG;
DT GATE;
DTOFF;

Discussion :

The DT command controls the FG 5010 response to
<GET>.

Valid arguments are:

SET- Causes the FG 5010 to wait for <GET> before

updating the settings .

TRIG- Causes the FG 5010 to trigger on <GET> and
produce a single cycle of output in TRIGmode or a burst
of cycles in NBURSTmode . (The number of cycles is set
by the NBURSTcommand .) This signal may be blocked
by an external trigger input that remains continuously
above the trigger threshold (SLOPE +), or below the

trigger threshold (SLOPE - ). This condition is indicat

ed by a steadily lighted TRIG'Dindicator .

=

GATE- Causes the FG 5010 internal gate setting to tog
gle on <GET> when in GATEmode . (This signal may be
overridden by an external gate input .)

OFF- Disables the FG 5010 response to <

=

The power-on setting is DT OFF.

3-8

A DT query causes return of DT SET;, DT TRIG;, DT

GATE;, or DT OFF;, as appropriate .

GET .

DT

ERR(Error )

Type:
Query only

Query Syntax :
ERR?

Query Response:
ERR<NUM>;

Discussion :

The ERRORquery causes the FG 5010 to respond with
status information . If RQSis on , the ERRquery returns an
event code number that describes why the RQSbit was set
in the last status byte reported by the FG5010.The event is
then cleared . (The event codes are listed in Table 3-1 at the

end of this section .) If RQSis off , the ERRquery returns an
event code number that describes the highest priority condi

tion currently pending in the FG 5010. This event is then

cleared ; another ERRquery will return the event code for
the next highest priority condition pending .

ERR
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FM (Frequency Modulation )

Type:
Setting or Query

Setting Syntax :
FM | ON

OFF

Examples :
FM ON

FM OFF

Query Syntax :
FM?

Query Response:
FM ON;
FM OFF;

Discussion :

The FM command enables or disables the FG5010 fre

quency modulation function . When enabled the signal ap
plied to the FM/VCFINPUTconnector modulates the output

frequency about the center frequency selected by the fre

quency setting . Valid arguments are :

ON Enables the frequency modulation function .

OFF- Disables the frequency modulation function .

The power-on setting is FM OFF. An FM query returns
the function status .

The VCFfunction is automatically disabled when the FM
ON command is executed . The FM function may not be en
abled while the FG 5010 is in the PHLOCKmode .

FM

FREQ(Frequency)

Type:
Setting or Query

Setting Syntax:
FREQ<NUM>

Example:
FREQ1960
FREQ3E+5

Query Syntax:
FREQ?

Query Response:
FREQ<NUM>;

Programming - FG5010

Discussion :

The FREQcommand sets the FG 5010 output frequency

to the value specified by the argument . The argument is
specified in hertz . The power-on setting is 1 kHz . A FREQ
query returns the programmed frequency .

The argument range is 0.002 Hz to 20.0 MHz. In VCF

mode , the frequency may be set to 0.0 Hz. The argument
resolution is ordinarily four digits , but is three digits under
the following conditions :

VCFfunction enabled ; or
FM function enabled ; or
MODEis TRIG, GATE, or BURSTand FREQis greater
than 200.0 Hz.

Limits are as follows : The frequency may not be set high
er than 200.0 Hz when the hold function is enabled ; the fre

quency may not be set higher than that frequency which , in

conjunction with the symmetry setting , requires a triangle
ramp time of less than 25 ns.

FREQ 3-9
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FUNC(Function )

Type:
Setting or Query

Setting Syntax :
FUNC SINE

Examples :

SQUARE
TRIANGLE

FUNCSINE
FUNCSQUARE
FUNCTRIANGLE

Query Syntax:
FUNC?

Query Response:
FUNCSINE;
FUNCSQUARE;
FUNCTRIANGLE;

Discussion :

The FUNC command causes the FG 5010 to select the

specified waveform type for output . A FUNC query re
sponse will indicate that the output is a sine wave, a square
wave, or a triangular wave. The power-on setting is the
sine -wave output . The header € FUNCTION• or "FUNC" is
optional ; that is , the commands FUNC SINE and SINE are
equivalent .

3-10 FUNC

GATE

Type:
Setting or Query

Setting Syntax :
GATE ON

OFF

Examples :
GATEON
GATEOFF

Query Syntax:
GATE?

Query Response:
GATEON;
GATEOFF;

Discussion :

The GATEcommand controls the state of the FG 5010

output gate . In the GATEmode , an output signal is supplied
only when the gate is on . Valid arguments are:

ON Enables the output waveform .

OFF Disables the output waveform at end of next com
plete cycle.

The power-on setting is GATEOFF. A GATEquery will
return the gate status .

The gate may be set to the "on " state only if the FG 5010

is in the gated mode , and the gate setting will be turned off
automatically if any other mode is selected . ( Refer to the DT

command description for control of gate setting via
<GET>.) The GATEOFFcommand may be overridden by
an external gate input .

GATE
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HOLD

Type:
Setting or Query

Setting Syntax:
HOLD ON

( OFF

Examples :
HOLDON
HOLDOFF

Query Syntax :
HOLD?

Query Response:
HOLDON;
HOLDOFF;

Discussion :

The HOLDcommand causes the FG 5010 output voltage
to be held at the value current when the command is execut
ed . For the HOLDcommand to be operable , the frequency
setting must be 200 Hz or less and the mode must not be
PH LOCK. Valid arguments are:

(8)

ON Causes the output waveform to be held at the volt
age value that was being generated upon execution of
the HOLDON command .

OFF Causes the FG 5010 to resume the output
waveform that was being generated before execution of
the HOLDON command .

The power-on setting is HOLDOFF. A HOLDquery will
return the hold status as shown .

HOLD

ID (Identify )

Type:
Query only

Query Syntax :
ID?

Query Response:

ID

ID TEK/ FG5010,V79.1,Fxx;

Programming - FG5010

Discussion :

The ID command causes the FG 5010 to respond with
instrument identification information . This information
includes :

ID TEK/ FG 5010- indicates the instrument type .

V79.1 indicates the codes and formats version .

Fxx- indicates the firmware version number .

3-11
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INIT ( Initialize )

Type:
Operational

Syntax :
INIT

Discussion :

The INIT command performs an initialization of the
FG5010 parameter settings as in the power-on sequence .
All settings except the step size and stored settings are
initialized . However, the INIT command does not cause the

FG 5010 to generate a power-on SRQor to revert to local
mode as does the power-on sequence.

3-12 INIT

LLSET(Low Level Settings )

Type:
Setting or Query

Setting Syntax:
LLSET<BINBLK>

Example:
LLSET%<byte count :

Query Syntax :
LLSET?

Query Response:
LLSET<BINBLK>;

Discussion :

data bytes ><checksum >;

> CAUTION

Binary settings data must not be modified or generat
ed by the user. The FG5010 must be sent only binary
settings data that have been generated by an
FG5010.

The LLSETcommand programs the FG 5010 to the
settings represented in the binary block argument , and is
used for rapid transfer of settings . The binary block is gener
ated by the FG 5010 and is not intended to be modified by
the user .

LLSET

An LLSETquery returns all FG5010 settings in low - level
(binary ) format .
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LOCK

Type:
Query only

Query Syntax :
LOCK?

Query Response:
LOCK-1;
LOCK ;
LOCK1;

Discussion :

The LOCKquery causes the FG 5010 to respond with an
indication of the phase lock status . Valid responses are:

-1- Phase lock mode not selected .

- Phase lock mode selected , but not currently locked .

1- Phase lock mode selected , currently locked .

@ LOCK

MAN ( Manual )

(See MTRIGcommand .)

MAN

Programming - FG5010
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MODE

Type:
Setting or Query

Setting Syntax :
MODE CONT

TRIG
GATE
BURST

LOCK
PHLOCK

Examples :
MODECONT
MODETRIG
etc.

Query Syntax :
MODE?

Query Response:
MODECONT;
MODETRIG;
MODEGATE;
MODEBURST;
MODELOCK;

Discussion :

The MODE command selects the FG5010 operating
mode . Valid arguments are:

CONT- Causes the FG 5010 to produce a continuous
output . Trigger events are ignored .

TRIG- Causes the FG 5010 to produce one cycle of the
selected output waveform each time a trigger is received .

GATE- Causes the FG 5010 to produce an output signal
only during the time when the gate is enabled . The gate
is defined as enabled when : 1) the front panel MAN trig

ger pushbutton is pressed and held ; 2 ) the GATEON

command has been received ; or 3 ) the trigger / gate input
signal is true .

BURST- Causes the FG 5010 to produce a burst N cy

cles in length when a trigger is received , with the number

of cycles (N) specified by the burst number setting

(NBURST). Trigger events received during an active
burst are ignored .

LOCKor PHLOCK- Causes the FG 5010 to produce an

output signal frequency and phase adjusted to match
that of the signal on the trigger /gate input . When an input
is present at the trigger / gate input in the range of 20 Hz
to 20 MHz, the FG 5010 will initiate an automatic scan to
acquire lock .

The phase lock mode may not be selected when the FM
function , the VCFfunction , or the HOLDfunction is enabled .

The power-on setting is CONT mode . A MODE query
returns the mode status as shown .

3-14 MODE

MTRIG( Manual Trigger)

Type:
Operational

Syntax :
MTRIG

Discussion :

The MTRIG command causes the FG 5010 to produce

one output cycle in triggered mode or N cycles in burst

mode . (The trigger /gate input must be false or triggering will

not be possible .) The MAN command may also be used for
this function .

MTRIG
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NBUR(NBurst )

Type:
Setting or Query

Setting Syntax :
NBUR <NUM>

Example :
NBUR 80

Query Syntax:
NBUR?

Query Response:
NBUR <NUM>;

Discussion :

The NBUR command selects the number of cycles in
each burst when the FG 5010 is operating in burst mode .
The number of cycles is specified by the argument , with the
argument range from 1 through 9999 and the argument res
olution of 1.

The power-on setting is 10.An NBUR query returns the
programmed value.

a NBUR

OFFS(Offset)

Type:
Setting or Query

Setting Syntax :
OFFS<NUM>

Example:
OFFS4.5

Query Syntax :
OFFS?

Query Response:
OFFS<NUM>;

Programming - FG5010

Discussion :

The OFFScommand sets the FG5010 open -circuit out
put offset voltage to the value specified in the argument .
The offset value is specified in volts , with the argument
range from 0.0 V to • 7.5 V and the argument resolutin of
0.01V.Note that the offset plus the peak amplitude ( half of

the programmed value) must be 15.0V or less.

The power-on setting is 0. An OFFSquery returns the

programmed offset value .

OFFS 3-15
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OUT(Output )

Type:
Setting or Query

Setting Syntax:
OUT ON

( OFF

Examples :
OUTON
OUTOFF

Query Syntax:
OUT?

Query Response:
OUTON;
OUTOFF;

Discussion :

The OUTcommand controls connection of the FG 5010

output signal to the output connector . The form of the out

put is as selected by the other parameters . Valid arguments
are:

ON Causes the output relay to close , connecting the
output signal connector .

OFF- Causes the output relay to open , disconnecting
the output signal connector .

The power-on setting is OUTOFF. An OUTquery returns
the status of the output connection .

3-16 OUT

PHAS(Phase)

Type:
Setting or Query

Setting Syntax:
PHAS <NUM>

Example:
PHAS60

Query Syntax:
PHAS?

Query Response:
PHAS <NUM>

Discussion :

In phase lock mode , the PHAS command sets the

FG5010 output signal phase , relative to the phase of the
trigger / gate input signal , to the value specified in the argu
ment . The argument is specified in degrees . In triggered ,
gated , or burst modes the phase number specifies the point
on the triangle waveform at which the FG 5010 starts its
initial cycle when triggered .

The power-on setting is 0. A PHAS query returns the

programmed phase.
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PLI(Phase Lock Interrupt )

Type:
Setting or Query

Setting Syntax :
PLI ON

OFF

Examples:
PLI ON
PLIOFF

Query Syntax:
PLI?

Query Response:
PLION;
PLIOFF;

Discussion :

The PLI command controls enabling of the FG5010
phase lock interrupt . If RQSis ON, a service request will be
generated when the FG 5010 makes transition into or out

of the phase locked state . If RQSis OFF, the event can be
detected via the ERRquery . (PLI applies only in phase lock
mode .) Valid arguments are:

ON Causes the phase lock interrupt to be enabled .

OFF- Causes the phase lock interrupt to be disabled .

The power-on setting is PLIOFF. A PLIquery returns the
interrupt status .

(8) PLI

REC(Recall)

Type:
Operational

Syntax :
REC<NUM>

Example :
REC8

Programming - FG5010

Discussion :

The RECcommand causes the FG 5010 settings to be

restored to those values stored in the location specified by

the argument . DT, PLI, RQS, and USER settings remain

unchanged . Recall of locations that have not been stored

into , since power on , return to the power-on settings . The

argument range is through 9. The step size parameters
current upon receipt of the command remain unchanged .

REC 3-17
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RQS(Request for Service)

Type:
Setting or Query

Setting Syntax :
RQS | ON

( OFF

Examples :
RQSON
RQSOFF

Query Syntax:
RQS?

Query Response:
RQSON;
RQSOFF;

Discussion :

The RQS command controls the FG 5010 service re

quest generation . Valid arguments are:

ON- Allows the FG 5010 to generate an SRQ.

OFF- Prevents the FG 5010 from generating an SRQ.

An RQSquery returns the current status . The ERRquery
can be used while RQSis off to ascertain if any SRQcondi
tions have occurred . An SRQwill be generated for any pre
viously unreported SRQ events when RQS is turned on
after having been off .

The power-on setting is RQSON.

3-18 RQS

SEND

Type:
Output

Syntax :
SEND<NUM>

Example:
SEND9
SEND5 , 2, 9

Response:
STORE<NUM>: <BINBLK>;

STORE

,<NUM>

<NUM>: <BINBLK>,<NUM>: <BINBLK>,
<NUM>: <BINBLK>;

Discussion :

CAUTION

Binary settings data must not be modified or generat
ed by the user. The FG5010must be sent only binary
settings data that have been generated by an
FG5010.

SEND

The SEND command causes the FG 5010 to supply as
output the contents of the stored settings location (s) speci
fied by the argument (s ) . The argument range is from
through 9 .

Returned values will be formatted as shown where the

number ( NUM) is the storage location and the binary data
(BINBLK) contain binary settings data .
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SET

Type:
Query only

Query Syntax:
SET?

Query Response:
FREQ1.0E+3 ; AMPL500.0E- 3 ; OFFS0.0 ; SYM 50 ;
PHASE ;NBUR 10;
FUNCSINE;MODECONT;SLOPEPOS;OUT
OFF;COMPOFF;AM OFF;
FM OFF;VCFOFF;HOLDOFF; GATEOFF; PLI OFF;DT
OFF;USEROFF; RQSON;

Discussion :

The SETquery causes the FG5010 to respond with in
formation on all current instrument settings that can be
queried . This response information may then be used at a
later time to return the FG 5010 to those settings .

SET

SINE

Type:
Setting only

Syntax :
SINE

Programming - FG5010

Discussion :

the SINE command causes the FG 5010 output to be in
sinewave form . Selection of sinewave output cancels any
previous selection . This command is a special case of the
FUNC command . The header ( FUNC) is optional , but the
argument (SINE) is not .

SINE 3-19
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SLOPE

Type:
Setting or Query

Setting Syntax :
SLOPE| POS

NEG

Examples :
SLOPEPOS
SLOPENEG

Query Syntax :
SLOPE?

Query Response:
SLOPEPOS;
SLOPENEG;

Discussion :

The SLOPE command controls the setting of the

FG5010 trigger / gate active edge/state . Valid arguments
are:

POS- A low to high transition causes a trigger to occur

in triggered modes ; a high state causes the gate to be on

in gated mode .

NEG- A high to low transition causes a trigger to occur
in triggered modes ; a low state causes the gate to be on
in gated mode .

The power-on setting is POS. (The FG 5010 always trig

gers on the positive slope in the phase lock mode .)

3-20 SLOPE

SQUARE

Type:
Setting only

Syntax :
SQUARE

Discussion :

The SQUAREcommand causes the FG5010 output to

be in squarewave form . Selection of squarewave output

cancels any previous selection . This command is a special
case of the FUNCcommand . The header ( FUNC) is option
al , but the argument (SQUARE) is not .

SQUARE
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STOR(Store )

Type:
Operational

Syntax :
STOR<NUM > : <BINBLK> , ......., <NUM> <BINBLK>

(8)

Example :
STOR7

STOR7, 8
STOR5 :<BINBLK>,6: <BINBLK>,7, 2

Discussion :

The STORcommand causes the FG 5010 to store the
current settings in the location ( s ) specified by the argu
ment (s). Multiple arguments are allowed if separated by a
comma or a space . The argument range is through 9 .
The STEPSIZE, DT, PLI, RQS, and USERsettings are
not stored .

CAUTION

Binary settings data must not be modified or generat
ed by the user. The FG5010 must be sent only binary
settings data that have been generated by an
FG5010.

The STORcommand may also be used to fill a storage
location with settings data specified in a binary block argu
ment . In this case, the storage location number must be
followed by a colon , which is then followed by the binary
settings , in binary block format . To obtain storage location
contents in binary forms , refer to the SENDcommand .

STOR

SYM (Symmetry )

Type:
Setting or Query

Setting Syntax :
SYM <NUM>

Example :
SYM 85

Query Syntax:
SYM?

Query Response:
SYM <NUM >;

Programming - FG5010

Discussion :

The SYM command sets the duty cycle of the FG5010
output signal to the percentage value specified in the argu
ment . The argument range is 10 through 90 percent , with a
resolution of 1 percent . Signal symmetry may not be set to a
value that , in conjunction with the frequency setting , re
quires a triangle ramp time less than 25 ns . Refer to Fig.
3-2.

The power-on setting is 50 percent . A SYM query returns
the duty cycle number that was last specified .

SYM 3-21
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Fig. 3-2 . Frequency/ Symmetry combinations .
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TEST

Type:
Output

Syntax:
TEST

Response:
TEST<NUM >;

Discussion :

The TESTcommand causes the FG 5010 to perform self
tests . Those performed are the ROM tests , the serial I/ O
hardware tests , and the AFC hardware integrity test ; and
are the same as the tests performed during the power-on
self-test sequence , except for the RAM tests . RAM tests
are performed only at power-on .

Signal output from the FG 5010 is disabled during test
execution . Previous settings are restored at completion of
testing . Test results are supplied as an output from the
FG5010.A result of indicates that no failures were detect

ed . A detected failure causes an error code output that is
the same as that of power-on self -test failures . Refer to
Table 3-1 near the end of this section for event codes.

@
TEST

TRIANGLE

Type:
Setting only

Syntax :
TRIANGLE

Programming - FG5010

Discussion :

The TRIANGLEcommand causes the FG 5010 output to

be in triangular waveform . Selection of triangle waveform

output cancels any previous selection . This command is a

special case of the FUNCcommand . The header ( FUNC) is
optional , but the argument (TRIANGLE) is not .

TRIANGLE 3-23
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TRIGGER

Type:
Query only

Query Syntax :
TRIG?

Query Response:
TRIG ;
TRIG1;
TRIG2 ;
TRIG3 ;

Discussion :

The TRIGGERquery causes the FG 5010 to respond
with an indication of the state of the trigger /gate input sig
nal . Valid responses are :

- Trigger status not available .

1- Input level below threshold .

2- Input level toggling faster than 3 Hz.

3- Input level above threshold

3-24 TRIGGER

USER(User Request)

Type:
Setting or Query

Setting Syntax:
USER ON

OFF

Examples :
USERON
USEROFF

Query Syntax :
USER?

Query Response:
USERON;
USEROFF;

Discussion :

The USERcommand enables the FG5010 to generate a
service request to the controller when the user presses the
front panel INST ID pushbutton . This provides a means of
communication between the user and the controller through
the FG 5010 for coordination of FG 5010 operations . Valid
arguments are:

ON- If RQSis ON, allows the FG 5010 to generate an
SRQ when the user presses the INST ID pushbutton .
The SRQremains asserted until the status is read by a

serial poll or until a device clear is performed . The USER
is indicated by a status byte of 67 or 83 and an error
query response of ERR 403. If RQS is OFF, the event

can be detected via the ERRquery .

OFF- Prevents the FG 5010 from generating an SRQ
when the user presses the INST ID pushbutton .

A USERquery returns the current status . The power-on
setting is USEROFF.

USER (@)
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VCF(Voltage Controlled Frequency)

Type:
Setting or Query

Setting Syntax:
VCF I ON

OFF

Examples :
VCFON
VCFOFF

Query Syntax:
VCF?

Query Response:
VCF ON;
VCFOFF;

Discussion :

The VCFcommand enables or disables the FG5010 volt

age controlled frequency function . The frequency modula
tion function is automatically disabled when the VCF ON
command is executed . The internal frequency control digital
to -analog converters are not changed . The VCF start fre
quency is selected by the frequency setting ; the VCFstop
frequency is the top of the range in which the FG 5010 was
operating when the VCFON command was received . Once
in VCF mode , the start frequency may be changed within
the range by the FREQcommand . FREQ is allowed in
VCF. Valid arguments are :

ON Causes the voltage controlled frequency function
to be enabled .

@

OFF Causes the voltage controlled frequency function
to be disabled . When the VCF function is disabled , the
FG5010 will return to the frequency that was being
generaged before VCFwas enabled .

The power-up setting is VCFOFF. No frequency range
switching is allowed in VCFmode.

The VCFfunction may not be enabled when the FG 5010
is in the phase -lock mode . A VCFquery returns the current
status .

VCF

Programming - FG5010
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MESSAGESAND COMMUNICATION

PROTOCOL

Command Separator

A message consists of one command or a series of com

mands , followed by a message terminator . Commands in
multiple command messages must be separated by
semicolons . A semicolon at the end of a message is option
al . For example , each line below is a message .

INIT
TEST; INIT;RQSON; USEROFF; ID?;SET?
TEST;

Message Terminator

Messages may be terminated with EOIor the ASCIIline

feed (LF) character . Some controllers assert EOI concur
rently with the last data byte ; others use only the LF charac
ter as a terminator . The instrument can be set to accept
either terminator . With EOIonly selected as the terminator ,
the instrument interprets a data byte received with EOI as
serted as the end of the input message ; it also asserts EOI
concurrently with the last byte of the output message . With
the LF/ EOIsetting , the instrument interprets the LF charac
ter without EOIasserted (or any data byte received with EOI
asserted ) as the end of an input message ; it transmits car
riage return (CR) followed by line feed (the LF with EOIas
serted ) to terminate output messages .

A set of six address and message terminator switches is
located on the CPU board and is accessible through a

cutout in the rear panel of the FG 5010. (Simply remove the
instrument from Power Module for access .) Five of the

switches are user set to select the primary address of the
FG5010. One switch is user set for the instrument to re

spond to one of two possible message delimiters (LF/ EOI,

or EOI) that may be sent over the bus by various controllers .

Selection of the primary address bits and message termina
tor is accomplished as shown in Fig . 3-3 . (Switches 1
through 5 can be set to any address between and 31.All
FG5010 instruments are shipped with EOI only selected .).

Formatting A Message

Commands sent to TM 5000 instruments must have the

proper format ( syntx ) to be understood ; however , this for
mat is flexible in that many variations are acceptable . The
following describes the format and the acceptable
variations .

The instruments expect all commands to be encoded in
ASCII, with either upper or lower case ASCII characters
acceptable . All data output is in upper case (see Fig . 3-4).
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EOIONLY=

PRIMARY
ADDRESS

Push to left for logic .
Push to right for logic 1.

SP

IEEE-488
ADDRESS

SELECTION

A5

A4

A3

A2

A1

€RQSON;SP

SPUSEROFF

I•••

SP SP

LF/ EOI

CR LF

16

8

4

2

1

= 1

Fig . 3-3 . Address and message terminator switches .

As previously discussed , a command consists of a head

er, followed , if necessary , by arguments . A command with
arguments must have a header delimiter , which is the space
character (SP) between the header and the argument . The
space character ( SP) , carriage return (CR) , and line feed

(LF) are shown as subscript in the following examples .

RQSSPON

BINARY
WEIGHT

If extra formatting charcters SP, CR, and LF (the LF cannot
be used for format in the LF/ EOIterminator mode ) are add
ed between the header delimiter and the argument , those
characters are ignored by the instrument .

SPExample 1:

Example 2 :

Example 3:

RQS ON;

RQS ON;

RQS

SP SP

SP CR LF

ON

3467-06

In general , these formatting characters are ignored after any
delimiter and at the beginning and end of message

In the command list , some headers and arguments are
listed in two forms , a full - length version and an abbreviated

version . The instrument accepts any header or argument
containing at least the characters listed in the short form ;

any characters added to the abbreviated version must be

those given in the full - length version . For documentation of

)

U

U

L

U

U

U

u

U

‚

U

U



C

n

€

1

€

€

11

C.

€

1

n

n

€

C

(a)

87
86

85
BITS

84 83 82 81

0000

0001

0010

0011

0100

0101

0110

0111

1001

10 10

1011

1100

1101

octal

1110

1 1 1 1

1
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1
2

hex- +15

N|
M

2
3

3
4

4
5

5
6

6
7

7
10

8
11

9
12

000 BS

A
13

B
14

•

‚
15

D
16

E
17

F

•

CONTROL

SOH

EOT

NUL DLE SP
(16) 20
LLO41

ƒ„…

HT

LF

STX DC2

VT

FF

( ) 10
GTL21

SI

ASCII & IEEE 488 ( GPIB) CODECHART

• • • 1

( 1) 11
22

CR

20

ETX DC3 #
(19) 23
OCL44

( 2) 12
23

( 3 ) 13
SDC24

SO

NAK

(4 ) 14
PPC25

( 5 ) 15
126

(5 ) 16
27

(7) 17
GET30

BEL ETB

( 8) 18
TCT31

( 9 ) 19
32

(11) 18
34

(10) 1A
33

ADDRESSEDCOMMANDS

•

KEYTO CHART

( 14) 1E
37

(13) 1D
36

( 15) 1F

PPU

DC1

1

ACK SYN &
(22) 26

47

(21)

(17) 21
42

DC4

(18) 22
43

NAK

EM

(20) 24
PPU45

CAN

40

(21) 25
146

FS
( 12) 1C (28) 2C

35 55
GS

(23 ) 27
SPE 50

SUB

RS

(24) 28
SPD 51

ESC

( 25) 29
52

(26) 2A
53

UNIVERSALCOMMANDS

(27) 28
54

(29 ) 2D
56

†

(30) 2E
57

1

US
(31) 2F

NUMBERS
SYMBOLS

!

decimal

69$

%

I

*

+

9

-

(32 ) 30
61

‡

(33 ) 31
62

(34 ) 32
63

(

60

(35) 33
64

( 36 ) 34
65

( 37) 35
66

)

( 38 ) 36
67

(39 ) 37
[70

(40) 38
71

(41) 39
72

(43 ) 38
74

(44) | 3C
75

(45 ) 3D
76

(46 ) 3E3

GPIB code

ASCII character

77

(47) 3F

1

2

:
(42 ) 3A

73

3

4

5

6

7

9

ˆ

v

||

1

?

1

100

(48 ) 40
101

(49) 41
102

(50) 42
103

8
(56 ) 48

111

(51) 43
104

(52) 44
105

(53 )145
106

(54) 46
107

(55) 47
110

(57) 49
112

(58 ) 4A
113

(59) 48
114

(60 ) | 4C
115

( 61) 4D
116

%

UPPERCASE

A

B

C

D

E

F

G

LISTENADDRESSES

H

1

K

L

M

N

•

(62) 4E
UNL 117

(63 ) 4F

120

(64 ) 50
121

(65 ) 51
122

(66) 52
123

(67) 53
124

(68 ) 54
125

(69) 55
126

2

(70) 56
127

(71) 57
130

( 72) 58
131

( 73) 59
132

(75) 58
134

{ 76 ) | 5C
135

( 77) 5D
136

•

( 78) 5E
137

J Z
( 74) 5A

133
[

(79) 5F

P

Q

R

S

T

U

X

Y

1

]

1

(80) 60
141

140

(81) 61
142

( 82 ) 62
143

V
(86 ) 66

147

(83 ) 63
144

W
(87) 67

150

(84) 64
145

(85 ) 65
146

(88 ) |68
151

(89 ) 69
152

(90)| 6A
153

(91) 68
154

( 92 ) | 6C
155

^

(93) 6D
156

(95 ) 6F

Fig . 3-4 . ASCIIand IEEE488 ( GPIB) Code Chart .
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TALKADDRESSES

C

d

i

h

j

•
1

LOWER

( 94) 6E
UNT 157

160

e
( 101) 75

166

(96 ) 70
161

(97) 71
162

( 100) 74
165

g
( 103) 77

170

I

(98 ) 72
163

(99 ) 73
164

E

( 104) 78
171

( 105) 79
172

( 107) 78
174

f
( 102) 76

167
W

( 119)

( 108) 7C
175

n
( 110) 7E

( 109) 7D
176
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1

p

(111) 7F

q

( 112)

r

( 106) 7A
173

k {

S
(115)

( 113)

t
( 116)

( 114)

u
(117)

V
(118)

X
( 120)

Z

y
(121)

‰

( 122)

( 123)

( 124)

}
( 125)

( 126)
RUBOUT

(DEL)
(127)

SECONDARY
ADDRESSES

OR COMMANDS

3391-13
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programs , the user may add alpha characters to the full

length version . Alpha charcters may also be added to a que

ry header , provided the question mark is at the end .

USER?
USERE?
USEREQ?
USEREQUEST?

Multiple arguments are separated by a comma ; however,
the instrument will also accept a space or spaces as a
delimiter .

2,3

2SP3
2,'Sp3

NOTE

In the last example , the space is treated as a format
character because it follows the comma (the argument
delimiter ).

Number Formats

The instrument accepts the following kinds of numbers
for any of the numeric arguments .

Signed or unsigned integers (including +0 and €0) .

Unsigned integers are interpreted as positive .

imples : +1, 2 , -1, -10.

Signed or unsigned decimal numbers . Unsigned deci

mal numbers are interpreted as positive .

Examples : -3.2, +5.0, 1.2

3-28

Floating point numbers expressed in scientific
notation .

Examples : + 1.0E- 2 , 1.0E- 2, 1.E- 2 , 0.01E+

Rounding of Numeric Arguments

The instrument rounds numeric arguments to the nearest
unit of resolution and then checks for out -of-range
conditions .

Message Protocol

Upon receipt by the instrument , a message is stored in
the Input Buffer , then processed , and executed . Processing
a message consists of decoding commands , detecting
delimiters , and checking syntax . For setting commands , the
instrument then stores the indicated changes in the Pending
Settings Buffer . If an error is detected during processing ,
the instrument asserts SRQ, ignores the remainder of the
message , and resets the Pending Settings Buffer . Resetting

the Pending Settings Buffer avoids undesirable states that

could occur if some setting commands are executed while

others in the same message are not .

Executing a message consists of performing the actions

specified by its command (s ) . For setting commands , this in

volves updating the instrument settings and recording these

updates in the Current Settings Buffer . The setting com

mands are executed in groups • that is , a series of setting
commands is processed and recorded in the Pending

Settings buffer before execution takes place . This allows

the user to specify a new instrument state without having to

consider whether a particular sequence would be valid . Nor

mally , execution of the settings occurs when the instrument

processes the message terminator , a query-output com

mand , or an operational command in a message . The nor
mal execution of settings is modified by the DT setting
commands .

When the instrument processes a query-output_com

mand in a message , it executes any preceding setting com
mands to update the state of the instrument . It then

executes the query-output command by retrieving the ap
propriate information and putting it in the Output Buffer .

Processing and execution then continue for the remainder of

the message . The data are sent to the controller when the

instrument is made a talker .

When the instrument processes an operational command

in a message , it executes any preceding setting commands

before executing the operational command .

Multiple Messages

The Input Buffer has finite capacity and thus a single

message may be long enough to fill it . In this case, a portion

of the message is processed before the instrument accepts

additional input . During command processing , the instru

ment holds off additional data (by asserting NRFD) until
space is available in the buffer . When space is available , the

instrument can accept a second message before the first

has been processed . Howver, it holds off additional mes

sages with NRFD until it completes processing the first .

After the instrument executes a query-output command

in a message , it holds the response in its Output Buffer until
the controller makes the instrument a talker . If the instru

ment receives a new message before all of the output from

the previous message is read , it clears the Output Buffer

before executing the new message . This prevents the con
troller from getting unwanted data from old messages .

One other situation may cause the instrument to delete

output . the execution of a long message might cause both

the Input and Output Buffers to become full . When this oc
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curs , the instrument cannot finish executing the message
because it is waiting for the controller to read the data it has
generated ; but the controller cannot read the data because

it is waiting to finish sending its message . Because the in
strument Input Buffer is full and it is holding off the rest of
the controllers message with NRFD, the system is hung up
with the controller and instrument waiting for each other .
When the instrument detects this condition , it generates an
error, asserts SRQand delets the data in the Output Buffer .
This action allows the controller to transmit the rest of the

message , and informs the controller that the message was
executed and that the output was deleted .

A TM 5000 instrument can be made a talker without hav

ing received a message that specifies the output . In this
case, an acquisition instrument ( a counter or a multimeter )
returns a measurement if one is ready . If no measurement is
ready, it returns a single byte message with all bits equal to
1 (with message terminator ) . Non-acquisition TM 5000 in
struments will return only this message .

Instrument Response to IEEE-488 Interface

Messages

Interface messages and the effects of those messages
on the instrument interface functions are defined in IEEE
Standard 488-1978. Abbreviations from the standard are
used in this discussion , which describes the effects of inter

face messages on instrument operation .

UNL- Unlisten (WBYTE@63:)
UNT- Untalk (WBYTE@95 :)

When the UNL command is received , the instrument lis

tener function goes to its idle state ( unaddressed ) . In the idle
state , the instrument will not accept instrument commands
from the IEEE-488 bus .

The talker function goes to its idle state when the instru
ment receives the UNT command . In this state , the instru

ment cannot supply output data via the bus.

The ADDRESSEDindicator is off when both the talker
and listener functions are idle . If the instrument is either talk

addressed or listen -addressed , the indicator is on .

IFC Interface Clear ( Bus pin 9)

This uniline message has the same effect as both the
UNTand UNL messages . The front panel ADDRESSEDin
dicator is off .

DCL Device Clear (WBYTE@20 :)

The Device Clear message reinitializes communication
between the instrument and controller . In response to DCL,

@
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the instrument clears any input and output messages and
any unexecuted settings in the Pending Settings Buffer .
Also cleared are any errors or events waiting to be reported ,
except the power-on event . If the SRQline is asserted for

any reason other than power-on when DCL is received ,
SRQis unasserted .

SDC Selected Device Clear (WBYTE@ A,4:)

This message performs the same function as DCL; how
ever, only instruments that are addressed respond to SDC.

GET- Group Execute Trigger (WBYTE@A,8 :)

The instrument responds to <GET> only if it is listen
addressed and the instrument device trigger function has
been enabled by the Device Trigger command (DT) . The
<GET> message is ignored and an SRQgenerated if the
DT function is disabled ( DT OFF) , the instrument is in the
local state , or if a message is being processed when
<GET> is received .

SPE- Serial Poll Enable (WBYTE@ 24 :)

The SPEmessage enables the instrument to supply out
put serial poll status bytes when it is talk addressed .

SPD- Serial Poll Disable (WBYTE@25 :)

The SPD message switches the instrument back to its
normal operation of sending the data from the Output
Buffer .

MLA- My Listen Address (WBYTE@A:)
MTA- My Talk Address (WBYTE@B:)

The primary listen and talk addresses are established by
the instrument IEEE-488 bus address (set by switches that
are accessible from the back of the FG 5010 when it is re

moved from the Power Module ) . The current setting of the
bus address is displayed on the front panel when the INST
ID button is pressed . When the instrument is addressed to
talk or listen , the front panel ADDRESSEDindicator is
lighted . (A bus address +32 ; B bus address +64.)=

LLO- Local Lockout (WBYTE@ 17:)

In response to LLO, the instrument changes to a lockout
state from LOCSto LWLSor from REMSto RWLS.

REN- Remote Enable ( GPIBpin 17)

If REN is true , the instrument may change to a remote
state (from LOCSto REMS if the internal message return
to -local ( rt /) is false , or from LWLSto RWLS) when its listen
address is received . REN false causes a transition from any
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state to LOCS; the instrument stays in LOCSas long as
REN is false .

A REN transition may occur after message processing
has begun . In this case , execution of the message being
processed is not affected by a transition .

GTL- Go To Local (WBYTE@A,1:)

Only instruments that are listen -addressed respond to

GTLby changing to a local state . Remote-to -local transi
tions caused by GTLdo not affect the execution of the mes
sage being processed when GTLwas received .

Remote-Local Operation

The preceding discussion of interface messages de
scribes the state transitions caused by GTLand REN. Most
front panel controls cause a transition from REMSto LOCS

by asserting a message called return -to - local (rt ). This tran

sition may occur during message execution ; but , in contrast

to GTLand REN transitions , a transition initiated by rtl does
affect message execution . In this case, the instrument gen
erates an error if there are any unexecuted setting or oper
ational commands . Front panel controls that change only
the display (such as INST ID) do not affect the remote - local
states - only front panel controls that change settings as
sert rtl . The rtl message remains asserted while multiple
keystroke settings are entered , and it is unasserte after the

execution of the settings . Since rtl prevents transition to
REMS, the instrument unasserts rt / if a multiple button se

quence is not completed in a reasonable length of time (ap
proximately 5 to 10 seconds ).

The instrument maintains a record of its settings in the
Current Settings Buffer and new settings from the front
panel or the controller update these recorded settings . In
addition , the front panel is updated to reflect setting
changes caused by commands . Instrument settings are un
affected by transitions among the four remote - local states .
The REMOTEindicator is lighted when the instrument is in
REMSor RWLS.

Local State (LOCS)

In LOCS, instrument settings are controlled by the opera
tor via front panel pushbuttons . When in LOCS, only bus
commands that do not change instrument settings are ex
ecuted (query-output commands ) . All other bus commands
(setting and operational) generate an error since those func
tions are under front panel control .

Local Without Lockout State ( LWLS)

The instrument operates the same as it does in LOCS,
except that rtl will not inhibit a transition to remote .
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Remote State ( REMS)

In this state , the instrument executes all instrument com

mands .Forcommands having associated front panel indica

tors , the front panel is updated when the commands are
executed .

Remote With Lockout State ( RWLS)

Instrument operation is similar to REMS operation ex

cept that the rt / message is ignored . (The front panel is

locked out .)

STATUSAND ERRORREPORTING

Through the Service Request function (defined in the

IEEE-488 Standard ) , the instrument may alert the controller
that it requires service . This service request is also a means
of indicating that an event (a change in status or an error)
has occurred . To service a request , the controller performs

a Serial Poll. In response , the instrument returns a Status

Byte (STB), which indicates whether it was requesting ser

vice or not . The STB can also provide a limited amount of

information about the request . The format of the information

encoded in the STB is given in Fig . 3-5 . Note that , when
data bit 8 is set , the STB conveys Device Status informa
tion , which is contained in bits 1 through 4 .

Because the STB conveys limited information about an

event , the events are divided into classes ; the Status Byte

reports the class . The classes of events are defined as
follows :

COMMANDERROR€ Indicates that the instrument has re

ceived a command that it cannot

understand .

EXECUTION

ERROR

INTERNALERROR

SYSTEMEVENTS

EXECUTION

WARNING

INTERNAL

WARNING

-Indicates tha the instrument has re

ceived a command that it cannot

execute . (This is caused by out of

range arguments or settings that

conflict .)

- Indicates that the instrument has

detected a hardware condition or

firmware problem that prevents

operation .

-Events that are common to instru

ments in a system (e.g., Power On,

User Request, etc.) .

-Indicates that the instrument is op

erating , but that the user should be

aware of potential problems .

Indicates that the instrument has

detected a problem (e.g., out of cali
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Status Byte
(Example )

Power
On

Out of
Phase Lock

Into
Phase Lock

1 1

If , indicates event class
If 1, indicates device status

8 7 6 5

1

1 if requesting service

DEVICESTATUS

1 indicates an abnormal event

1 if message processor is busy

}

Data Bits

I

010x0001

1 X

4 3

X 1

1

2 1

1

1 1

Abnormal Event

Command Errors (100 series )

Invalid command header

Header delimiter error

Argument error
Argument delimiter error

Missing argument
Invalid message unit delimiter

Binary block checksum error

Binary block byte -count error

Define Events

Fig. 3-5 . Definition of Status Byte Bits .

Decimal

Not
Busy Busy

65 81

101

102
103
104

106

107

108

109

202 218

206 222

bration ) . (The instrument remains

operational , but the problem should
be corrected .)

- Device dependent events.

3467-07

The instrument can provide additional information about
many of the events , particularly the errors reported in the
Status Byte. After determining that the instrument request
ed service (by examining the STB) , the controller may re
quest the additional information by sending an ERRquery
(ERR?). In response , the instrument returns a code that de
fines the event . These codes are described in Table 3-1.

Table 3-1

ERRORQUERYAND STATUSINFORMATION

Error Query Serial Poli

Response Response‚

97

97
97

97

97

97

97

97

error

Execution Errors (200 series)

Not executable in local state

Settings lost because of rtl

Input and output buffers full

(capacities exceeded, output

dumped to avoid dead -lock )
Arument out of range
<GET> ignored

Frequency-symmetry conflict

error

Abnormal Event

Amplitude -offset conflict error

Hold-phase lock mode conflict

Frequency-hold mode conflict

Table 3-1 ( cont )

error

FM-phase lock mode conflict

error

VCF-phase lock mode conflict
error

Gate-mode conflict error

Internal Errors (300 series )

Interrupt fault

System error
Period measurement failed to

complete
Period measurement overflow

occurred

Shift register (in VIA) failed to
function

Mag-latch relay strobe inter

rupt failed to occur
Phase lock status over and

underrange at the same time

Automatic frequency correc

tion range exceeded
VIAfault on CPU board

Trig/gate control error on

CPUboard

4 MHz reference frequency
clock or counter fault

Frequency control logic fault

on Loop 2 board

Loop cycle counter fault on

Loop 2 board

fault

Frequency precaler fault on

Loop 2 board

Low-frequency generator

Programming - FG5010

Error Query Serial Poll

Response Response‚

201

202

203

205

206

251

252

254

255

256

257

258

301

302

311

312

313

314

315

316

320

321

322

323

324

325

326

98

98

98

98

98

98

98

98

98

98

98

98

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99
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Table 3-1 (cont )

Abnormal Event

Internal Errors (300 series ) (cont)

No signal detected from Loop
1 board

Inadequate frequency range
(2 kHz range)
Inadequate frequency range
(20 kHz range)
Inadequate frequency range
(200 kHz range)
Inadequate frequency range
(2 MHz range)

Inadequate frequency range
(20 MHz range)
Burst counter fault

Faulty RAM found (U1400)

Faulty RAM found (U1500)

Faulty RAM found in MPU

chip

ROM placement error at ad
dress A000

ROM placement error at ad
dress C000

ROM placement error at ad
dress E000

ROM checksum error at ad
dress A000

ROM checksum error at ad

dress C000

ROM checksum error at ad
dress E000

Error Query Serial Poll

Response Response€

System Events (400 series )

Power on

User request (via front panel

INST ID button )

327

3-32

328

329

330

331

332

333
340•
341b

350•

370•

372•

374b

390•

392•

394b

401

403

Device Dependent Events (700 series )

Generator went out of phase
lock

Generator went into phase
lock

731

732

99

99

99

99

99

99

99

65

67

202

206

"If the FG5010 is busy , it returns a decimal number that is 16
higher than the listed number .

"Front panel display only .

If there is more than one event to be reported , the instru
ment continues to assert SRQ until it reports all events.
(SRQ"stacking " consists of reporting only the latest event
of each priority level .) Each event is automatically cleared
when it is reported via Serial Poll . The Device Clear (DCL)

interface message may be used to clear all events except
Power-On.

Commands are provided to control the reporting of some
individual events and to disable all service requests . For ex
ample , the User Request command ( USER) provides indi
vidual control over the reporting of the user request event
that occurs when the front panel INSTID button is pressed .
The Request for Service command (RQS) controls whether
the instrument reports any events with SRQ.

RQSOFFinhibits all SRQ's. When RQSis OFF, the ERR
query allows the controller to find out about events without
first performing a Serial Poll . With RQSOFF, the controller
may send the ERRquery at any time and the instrument will
return an event waiting to be reported . The controller can
clear all events by sending the ERRquery until a zero ( )
code is returned , or clear all events except Power-On
through the DCLinterface message .

With RQSOFF, the controller may perform a Serial Poll ,
but the Status Byte contains only Device Dependent Status
information . With RQS ON, the STB contains the class of
the event and a subsequent error query returns additional
information about the previous event reported in the STB.

Sending Interface Control Messages

Interface messages and the effects of those messages
on the FG 5010 interface functions are defined in IEEEStan
dard 488-1978. Abbreviations from that standard are used

in this description of the effects on instrument operation .

NOTE

These commands are for TEKTRONIX4050-Series

controllers , but are representative of those for other
controllers .

Bus interface control messages are sent as low-level
commands through the use of WBYTE controller com
mands . Refer to 070-2056-01 4050 -Series Graphic System
Reference Manual for RBYTEcontroller commands . Higher
level commands are also available for the user . For the fol

lowing commands , A 32 plus the instrument address and
B 64 plus the address .=

Listen (MLA)
Unlisten (UNL)
Talk (MTA)
Untalk

=

Untalk - Unlisten

Device Clear ( DCL)
Selective Device Clear ( SDC)
Go To Local (GTL)
Remote with Lockout ( RWLS)
Local Lockout (LLO)

Group Execute Trigger <GET>
Serial Poll Enable (SPE)

Serial Poll Disable (SPD)

WBYTE@A:

WBYTE@ 63:
WBYTE@ B:
WBYTE@ 95 :

WBYTE@ 63 , 95 :
WBYTE@ 20:

WBYTE@A, 4:

WBYTE@A, 1:

WBYTE@ A, 17, 63 :
WBYTE@ 17:

WBYTE@A, 8 :
WBYTE@ 24:

WBYTE@ 25:
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POWER- ON SEQUENCESAND

DEFAULTSETTINGS

Each time power is applied to the FG 5010, the internal
microprocessor performs a self-test diagnostic routine to
check the instrument RAM and ROM functionality . If no
RAM or ROM error is found , the microprocessor performs
further routines that check the functionality of other instru
ment hardware . Functional groups of circuits checked in
clude the following :

Trigger/Gate Control Logic
Period Measurement Counters and Logic
Low Frequency Generator Counters
Frequency Range Control
Burst Counters

If a RAM or ROM error is found , an error code will be
displayed on the front panel readout . In this error state , the
FG5010 will not respond to input from the front panel or the
IEEE-488 bus interface . Internal errors detected after the
RAM and ROM tests have been completed successfully will
be reported at the front panel and over the IEEE-488 bus . In
this error state , the FG 5010 will respond to input and will
attempt to operate despite the error . An error code may be
removed from the display by pressing the front panel INST
ID button , by starting a numeric entry , by incrementing the
selected parameter , by pressing the CLEARbutton , or by a
transition into the remote state ( REMS) .

When the self -test has been completed , the FG 5010 en
ters the local state (LOCS) and assumes the following de
fault settings :

FREQ

AMPL

OFFS

PHAS

SYM

NBUR

FUNC

MODE

HOLD

SLOPE

GATE

OUT
COMP
AM

FM

VCF

PLI

Header

REVJUL1982

Argument

1.000 kHz

0.5 V

0.0 V
‚

50%

10

SINE

CONT

OFF

POS

OFF

OFF
OFF
OFF

OFF

OFF

OFF

DT

USER

RQS

Header

Programming - FG5010

Argument

The SRQline on the IEEE-488 bus is also asserted un
less the bus address switch is set to 31 ( Ignore Bus Com
mands ). If the FG 5010 is polled by the controller , the status
byte returned will be 65 ( Power-On SRQ) if the busy bit is
false , or 81 (65 + 16) if the busy bit is true .

OFF

OFF

ON

APPLICATIONS

Talker Listener Programs

The following sample programs allow a user to send any
of the commands listed in the Functional Command List and

to receive the data generated .

Talker Listener Program For 4050 -Series Controllers

100 REM FG5010 TALKER/ LISTENERPROGRAM
110 REM FG5010 BUS ADDRESS = 24.
120 INIT
130 W=24
140 ON SRQ THEN 290
150 DIM R$ ( 380 )
160 PRINT "ENTER COMMAND( S ) , MESSAGE( S ) : " ;

260 INPUT @W : R $
270 PRINT R $
280 GO TO 160

170 INPUT A$
180 PRINT @W : A$
190 REM CHECK FOR QUERIES
200 IF POS( A$ , "? " , 1) <> THEN 260
210 REM CHECK FOR SEND
220 IF POS( A $ , " SEND" , 1) <> THEN 260
230 REM CHECK FOR TEST
240 IF POS( A $ , " TEST" , 1 ) = THEN 260
250 GO TO 160

330 INPUT @W : E$
340 PRINT " SRQ OCCURRED
350 PRINT S ; " " ; E$
360 RETURN

290 REM THIS PROGRAMFOR ONE ADDRESS ONLY
300 REM ( SRQ INTERRUPTHANDLER)
310 POLL D , S ; W
320 PRINT @W: " ERR?; "

STATUS =* ; S

3-33
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Talker Listener Program For 4040 - Series Controllers

100 Rem FG5010 TALKER/ LISTENERPROGRAM
110 Rem PRIMARYADDRESS= 24
120 Init all

130 On srq then gosub srqhdl
140 Enable srq
150 Dim respons $ to 200
160 Input prompt "ENTERMESSAGE( S) : " :message$
170 Print #24 :message $
180 Rem CHECK FOR QUERIES
190 If pos ( message $ , "? " , 1) then goto 290
200 Rem CHECK FOR ' SEND' COMMAND

210 If pos (message $ , "SEND" , 1 ) then goto 290
220 Rem CHECK FOR ' TEST' COMMAND
230 If pos (message $ , "TEST" , 1) then goto 290
240 Goto 160
250 Rem INPUT DATA FROM DEVICE#24
260 Rem
270 Rem
280 Rem
290 Input #24 : respons $
300 Print "RESPONSE: " ; respons $
310 Goto 160
320 Rem SERIAL POLL ROUTINE
330 Srqhdl : poll stb ,pri
340 Print "STATUS BYTE: " ; stb
350 Resume
360 End

Example Programs

The following FG5010 programming information is useful

in various applications . The examples shown are given in
4050-Series BASIC. The implementation details vary from
controller to controller .

How To Handle Service Requests (SRQ)

Several methods are available when using SRQ:

1.Write an SRQinterrupt handler .

The 'SEND n ' command and ' LLSET? '

send non- printable ASCII data in
binary block format .

100 REM *** EXAMPLE OF SRQ HANDLING***

105 W=24
110ON SRQ THEN 150
115 REM LINES OF PROGRAM CODE EXECUTING
120 REM
125 REM
130 REM
135 REM
140 REM
145 REM

3-34

A
D
S

147 GO TO 147
148 REM LINE 147 SIMULATES USER PROGRAM
150 REM SRQ HANDLING ROUTINE
155 POLL D * S ; W
160 PRINT SRQ STATUS
165 RETURN

€

=

N

** S

instrument address
device number in the address list
instrument status

2. Instruct the FG 5010 not to assert SRQ. In this mode ,

errors may be detected using the error query (ERR?).

200 REM *** EXAMPLE OF SUPPRESSINGSRQ

205 REM ASSERTIONFROM THE FG5010***
210 W=24
215 PRINT QW: ' RQS OFF; "
220 REM PROGRAMCODE RUNNING HERE.
225 REM
230 REM
235 REM CHECK FG5010 FOR ANY ERRORS.
240 GOSUB 270
245 REM CONTINUE PROGRAM EXECUTION
250 REM
255 REM
260 REM
265 REM
270 REM ROUTINE TO QUERY FG5010 ERRORS.

275 PRINT @W : " ERR?; "
280 INPUT @WIE
285 IF E= THEN 295
290 PRINT " ERROR ' E ; DETECTED.
295 RETURN

1

3. Instruct the controller to ignore SRQ. This is a con

troller -dependent function . Refer to the particular controller
reference manual .

How To Use Low-Level Settings

This program example reads low - level settings data into

numeric array L and untalks the instrument .

700 REM *** READ LOW LEVEL SETTINGS

705 REM FROM FG5010 ***

710 Z =24

715 DIM L( 50 )

720 PRINT @Z : ' LLSET?; *
725 WBYTE @ 64 +2 :

730 RBYTE L

735 WBYTE @ 95 :

This program example makes the instrument at address

A a listener , sends the low -level settings data in numeric
array L, and unlistens the instrument .

800 REM *** SEND LOW LEVEL SETTINGS

TO FG5010 ***805 REM
810 W=24
815 REM ARRAY L CONTAINS LOW LEVEL

820 REM SETTINGSVALUES.

825 WBYTE @ 32 +W : L
830 WBYTE @ 63 :
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How To Synchronize Settings Changes

Given two (or more ) instruments in a system ; one at ad
dress A, the other at address B, etc.

900 REM *** USING DT SET ***
905 W- 24
910 V=25
915 PRINT @W : ' DT SET; "
920 PRINT @V : " DT SET; "
925 PRINT @W : " FREQ 100 ; AMPL 2.5;
930 PRINT @w : ' OFFS 3.5 FUNC TRI; OUT ON *
935 PRINT @V : ' AMPL 5.6 ; OFFS -2.8 OUT ON *
940 REM WAIT UNTIL INSTRUMENTSARE
945 REM READY FOR TRIGGER. WHEN FG5010S
950 REM ARE READY TO RECEIVE TRIGGER,
955 REM THEY WILL BE ABLE TO ANSWER
960 REM THE DT? QUERY.
965 PRINT @W : " DT?; *
970 INPUT @W : A $
975 PRINT @V : " DT? ;
980 INPUT @VIA$
985 REM SEND <GET) ( GROUP EXECUTE
990 REM TRIGGER) TO BOTH INSTRUMENTS.
995 WBYTE @ 32 + W , 32 +V , 8,63 :

How To Synchronize Trigger Events

Given two (or more ) instruments in a system ; one at ad
dress A, the other at address B , etc.

1000 REM *** USING DT TRIG ***
1005 W=24
1010 V=25
1015 PRINT @W : " MODE BURST; FREQ 1000; ‚
1020 PRINT OW : " NBUR 10 DT TRIG; "
1025 PRINT @V : ' FREQ 1.0E+ 4 : NBUR 100; *
1030 PRINT @V : ' MODE BURST; DT TRIG; "
1040 REM READY FOR TRIGGER. WHEN
1045 REM FG5010S ARE READY TO RECEIVE
1050 REM TRIGGER, THEY WILL BE ABLE TO
1055 REM ANSWER THE DT? QUERY.
1060 PRINT @W : * DT?; "
1065 INPUT @W : AS
1070 PRINT @V : " DT?; 1

1075 INPUT @VIA$
1080 REM SEND ( GET> ( GROUP EXECUTE
1085 REM TRIGGER) , UNLISTEN BUS.
1090 WBYTE @ 32 + W , 32 +V, 8,63 :

How To Detect the Phase- Locked State

1.Lock query

REVJUL1982

1100 REM
1105 REM
1110W= 24
1115PRINT @W : ' MODE LOCK; "
1120 PRINT @W : ' LOCK?; "
1125 INPUT @WIL
1130 IF LO1THEN 1140
1135 PRINT " PHASE- LOCK DETECTED. "
1140 REM REST OF PROGRAM

"1145 REM

1150 REM

Programming - FG5010

*** DETECTINGPHASE LOCK
USING PHASE LOCK QUERY***

2. Phase- lock interrupt

A

1200 REM *** DETECTINGPHASE LOCK
1205 REM USING PHASE LOCK INTERRUPT***
1210 W- 24
1215 F1=
1220 ON SRQ THEN 1265
1222 PRINT @W : " RQS ON; *
1225 PRINT @W : * MODE LOCK; PLI ON ; "
1230 REM WAIT FOR PLI INTERRUPT
1235 WAIT
1240 IF F1= THEN 1235
1245 REM CONTINUE PROGRAMEXECUTION
1250 REM
1255 REM
1260 REM
1263 END
1265 REM SRQ HANDLING ROUTINE
1270 POLL D , S ; W
1275 REM
1280 REM
1285 REM
1290 REM 206 IF " BUSY BIT"
1295 REM 222 IF BUSY BIT'
1300 IF $ 0206 AND SC222 THEN 1315
1305 PRINT ' PHASE- LOCK DETECTED. "
1310 F1=1
1315 RETURN

S

=

M

-

‚
ƒ

TEST STATUS BYTE TO DETERMINE
IF PHASE LOCK STATE IS BEING
REPORTED.

P

3. Device dependent status byte

,
1.

instrument address
device number in the address list
instrument status
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1400 REM *** DETECTINGPHASE LOCK
1405 REM USING STATUS BYTE ***
1410 W= 24
1415 PRINT @W : ' MODE LOCK PLI OFF; '
1420 REM SEND SERIAL FOLL ENABLE AND
1425 REM FG5010 TALK ADDRESS, READ THE
1430 REM STATUS BYTE, UNTALK THE FG5010
1435 REM AND SEND SERIAL POLL DISABLE.
1440 WBYTE @ 24,64 +W :
1445 RBYTE S
1450 WBYTE @95,25 :
1455 REM TEST STATUS BYTE TO DETERMINE
1460 REM IF PHASE- LOCK STATE IS BEING
1465 REM REPORTED.
1470 REM " IN- LOCK' STATUS IS :
1475 REM 142 IF BUSY BIT = ,
1480 REM 158 IF BUSY BIT =1.
1485 IF SC142 AND S0158 THEN 1495
1490 PRINT ' PHASE- LOCK STATE DETECTED. '
1495 REM CONTINUE PROGRAM EXECUTION
1500 REM
1505 REM
1510 REM

#
[

Additional assistance in developing specific application
oriented software is avaliable in the following Tektronix
manuals .

3-36

1.070-3985-00 GPIB Programming Guide . This man
ual is specifically written for apllications of this in
strument in IEEE-488 systems . It contains
programming instructions , tips , and some specific
example programs .

2. 070-2270-00 4051 GPIB Hardware Support Manual .

This manual gives an indepth discussion of IEEE-488

bus operation , explanations of bus timing details and

early bus interface circuitry .

3. 070-2058-01 Programming in BASIC

4. 070-2059-01 Graphic programming in BASIC

5. 062-5971-014050 -Series programming aids , T1 ( in
cludes software )

6. 062-5972-01 4050 -Series programming aids , T2 ( in
cludes software )

7. 070-2380-01 4907 File Manager operators manual

8. 070-2128-00 4924 Users manual

9. 070-1940-01 4050 -Series graphic system operators
manual

10. 070-2056-01 4050 -Series graphic system reference
manual

11.070-3918-00 4041 operators manual

12. 061-2546-00 4041 Programming reference manual
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INTRODUCTION

This section describes the way in which the circuits of the
FG5010 operate . While reading the description , refer to the
diagrams for the unit . The reader is encouraged to become
thoroughly familiar with this description , since effective

troubleshooting is well -founded by a complete understand
ing of circuit operation .

THEORYOF OPERATION

This circuit description is divided and arranged in an un
usual way. The reader will note that the description does not
proceed from the first schematic diagram to the last , as is
the usual approach . (This is the way the diagrams are ar
ranged ; all circuit diagrams are grouped by board .) Instead ,
the diagrams that depict circuits that involve main signal
flow are first described . Following this are the descriptions

of the supplementary and ancillary function of the FG 5010.

CIRCUITDESCRIPTIONOUTLINE

The following is a list of the topics discussed in the de

scription , in chronological order.

Block Diagram Description
Loop 1 Section

Introduction

Loop 1 Block Diagram Description

Digital Control Circuits

Loop 1 Reference Circuits

Introduction

+10V Reference

Frequency Reference Selector

Frequency DAC

DACReference Amplifier

Symmetry Circuits

Introduction

Up Symmetry DAC

Up Ramp Current Source

Down Symmetry DAC

Down Ramp Current Source

Main Loop
Introduction

Loop Capacitors

Triangle Buffer

Level Detector

Bridge Buffer

Transistor Bridge

HF Square Wave Buffer

Triangle Selector

Shrink Control

Introduction

Shrink Control Amplifier
Up Shrink Current Source
Down Shrink Current Source

Relay Drivers

Clamp Circuits
Introduction

$ DAC

Clamp Phase Voltage Generator

Trig/Gate/ Burst Logic Circuits

Triggered Mode

Gating Mode
Burst Mode

Clamp Enable Switch

Square Selector

Loop 2 Section

Introduction

Block Diagram Description
Digital Control Circuits

Variable Symmetry and Integral Cycle Counter
Introduction

Variable Symmetry Counter

Integral Cycle Counter

Low Frequency Generator
Introduction

LF Generator Counter
Max-Min Count Detector

LF Triangle DAC

LF Triangle Buffer

Frequency Control
Introduction

Decade Divider

Loop Cycle Counter

4 MHz Clock Shaper and Gate
Reference Counter

Section 4- FG5010

Loop Frequency Sample Status Circuit

Frequency Control Count Logic
Frequency Control

Phase-lock Delay Mode

Sine Shaper Section
Introduction

Block Diagram Description

Sine Shaper and Buffer

4-1



Theory of Operation - FG 5010

Introduction

Sine Shaper
Sine Buffer

Square-Wave Buffer and Trigger Interfaces
Introduction

Trigger Interfaces

N Burst Interface

Trigger Interface

Square-Wave Buffer

Output Section
Introduction

Block Diagram Description
Digital Control

Multiplier
Introduction

Level Control

Input Differential Amplifier
Multiplier
DAC

Multiplier Current Sources

Output Driver

AM Circuits

Output Amplifier and Attenuation
Introduction

Output Amplifier

Step Attenuator

Output Switch

Offset Generator

Introduction

4-2

DAC

Offset Current Generator

Positive Offset Generator

Negative Offset Generator

Trigger, Phaselock , and N Burst Circuits
Introduction

Trigger Section
Introduction

Trig-Gate Input Amplifier

Trig-Gate Slope Selection

Trigger Status Sensor
Lock Circuit

Introduction

Phase Detector Logic
Lock Detector

Charge Pump
Lock Loop Filter

Over and Under Detector

N Burst Circuits

Introduction

Latches

N Burst Counter

Function Selector

Power Supplies
Introduction

+5 V Regulator and Maglatch
-5 V Regulator

+5 V Regulator
Main Regulator
Current Limit Amplifier
Main Current Limiter

Over-voltage Protector

Driver Stage
+ 12V Supplies

Introduction

+12V Regulator
- 12 V Regulator

16V Power Supply
Introduction

+26 and 26 V Supplies
+35 V and -35 V Supplies
+16 V Supply
-16V Supply

Maglatch Strobe Generator

Maglatch Strobe Circuit

Reset Circuit

CPUSection

MICROPROCESSOR/4 MHz Clock

Introduction
4 MHz Clock

Microprocessor
Address Decoder

Introduction

Address Line Buffers

Field Programmable Logic Array
Device Address Decoder

RAM/GPIB Interface

Introduction

Bidirectional Buffer

Random Access Memory
GPIB Interface

Keyboard- Display Interface - Peripheral Interface Port
Introduction

Keyboard/ Display Interface
Interface IC

Indicator Control Logic
Versatile Interface Adapter

Trigger Logic
ROM/ Address Switch

Introduction

Read-only Memory
Address Switch

Power Supply Connections

Display Section

Front-Panel Section

Front-Panel Drive

Display Decoder

Segment Buffer
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Refer to Fig . 4-1, which is an illustration of a basic func
tion generator . Bipolar current is fed to a switch , which con
trols the direction of flow to a capacitor . The change in
charge of the capacitor produces a ramp voltage that is fed
through a buffer , then to a comparator . This comparator
senses the crossing of the ramp voltage against a reference ,
and controls the current switch . The resulting outputs are a
triangle function from the buffer , and a square wave function
from the comparator .

BLOCKDIAGRAMDESCRIPTION

The output of the function generator is fed to a shaping

circuit , which shapes the triangle into a sinusoidal function .

From there , the sine , square , and triangle functions are fed

through a function selector , which applies one of the signals
to an output amplifier .

Refer to Fig . 4-2 , which is an elaboration of Fig . 4-1. In

this illustration , the original loop remains , but the currents

@

SWITCH

THE

BUFFER

COMPARATOR

Ful

are now controllable . This permits frequency modulation of

the loop triangle signal , VCF(voltage -controlled frequency )

control , and CPU control of such factors as the starting

point for the signal , switch - point compensation to allow for

high -frequency or odd -symmetry situations . Out of the com

parator , the square-wave signal is applied to the function

selector as before , but it is also applied to a counter that

feeds a digital -to - analog converter . This circuit divides the

signal by a factor of 100,000, incrementing and dec

rementing the DAC input with 1000 up counts and 1000

down counts to produce an output triangle -wave signal that

is a precise sub -multiple of the input square -wave signal .

This output signal is applied to the function selector and to

the shaper for shaping into a sine -wave signal . The counter

also produces a low -frequency square wave that is a

100,000 submultiple of the applied square -wave signal . This

is also applied to the function selector . The selected signal is

applied to the output amplifier , where amplitude modulation

is added if appropriate , and offset is also added to the

signal .

SHAPER

n

FUNCTION
SELECTOR

Theory of Operation - FG5010

Fig . 4-1. Basic Function Generator.

OUTPUT
AMPLIFIER

3467-08
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SWITCH

€€•

4-4

BUFFER
M

COMPARATOR

COUNTER

non

The actual FG5010 is functionally more complex than
either of the figu would indicate , since the triggering ,
burst , gating , and phaselock functions have not been includ

ed to keep it simple , not to mention the CPU circuits . Refer

to the block diagram at the beginning of the Diagram section
while reading the following description .

Master control for the FG 5010 rests in the CPU. This

circuit provides the control of the various functions of the

FG5010, through the Peripheral Interface Port . Control of

DAC

SHAPER

FUNCTION
SELECTOR

AM

OUTPUT
AMPLIFIER

Fig. 4-2 . Function Generator with control , low-frequency generation , modulation , and offset .

OFFSET

3467-09

the FG 5010 from outside comes in two ways : through the
IEEE-488 interface and by way of the keyboard -display In
terface . Through the former , nearly all of the functions may

be controlled by an external controller or computer that is
compatible with the requirements of IEEE-488 . Through the

latter , control of the FG 5010 by front -panel means is ac

complished ; display of status , output paramenters and val

ues, etc., is also routed through the keyboard -display
interface . Feedback of the instrument status , such as the

phase lock condition , frequency accuracy , etc , also returns
through the Peripheral Interface Port.

(a)

)
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Control of the various functions in the FG 5010 is

through a set of shift registers of varying word lengths . One

register exists for each board ; i.e., Loop 1 , Loop 2 , Sine

Shaper, and Output Amplifier . Thus , if a function requires

alteration on the Sine Shaper and none is required on the
other circuits , CPUtime is saved .

Operation of the other circuitry of the FG 5010 is as fol

lows . The trigger signal is applied through the TRIG/ GATE

INPUTfront -panel connector to the Trig -Gate Slope-Level

Selection circuits , which determine the slope and level of the

trigger that is to control the start of the loop . The signal is

then applied to the Mode Logic circuits , which permit CPU

control of the slope of the trigger , and the start and stopping

point of the High -frequency Loop signals for gate , triggered ,
and burst operations .

The High -Frequency Loop, also called Loop 1 and the

Main Loop, forms the core of the function generator . It pro

duces the fundamental high -frequency triangle and square
wave signals that are used by the Sine Shaper and Loop 2

circuits for producing the other signals . From the Loop 1

circuits , the HFSQ signal is applied to the Lo Freq Gen,

which forms the low -frequency triangle and square wave

signals . The HFSQsignal is also applied to the Freq Control

circuit , which compares the HFSQ signal with the 4 MHz

reference frequency from the CPU, and notifies the CPUof

any error so correction can be made as required . The LF

TRIand LFSQsignals are applied to the Hi Freq Loop cir
cuit , which selects whichever of the triangle or square
waves, high -frequency or low -frequency , that is to be routed

to the Function Switching circuit as the SELTRI signal , or

through the Sq Buffer as the SEL SQ signal , also to be

applied to the Function Switching circuit . The Hi Freq Loop

circuit also receives the voltage from the Clamp circuit that

holds the generator from running during triggered , gated , or
burst modes of operation , and the FM-VCFvoltage from the

front panel to control the loop frequency by external means .

Theory of Operation - FG5010

A voltage is also applied to the Hi Freq Loop from the

Lock Cktry circuit that modifies the operating frequency of

the loop to lock the loop on to an incoming trigger . Both the

Clamp and the Lock are controlled by the Phase Voltage

Gen, which produces a CPU-controlled voltage that deter

mines the point on the triangle at which the loop begins , and

the phase difference between the loop signal and the ap

plied trigger during phase - lock operations .

The Lo Freq Gen receives the HFSQsignal from the Hi

Freq Loop, divides it by 100,000, and applies it back to the

Hi Freq Loop as a precise low -frequency triangle . The circuit

also produces the LFSQsignal , which is the HFSQsignal

that is divided by 100,000; this signal is returned to the Hi

Freq Loop for application to the Sq Buffer .

The Sine Shaper receives a triangle -wave signal from the

Function Switching circuit , shapes the signal into a sine

wave, and returns it to the same circuit . The Sq Buffer out

put signal is applied to the Function Switching circuit , and to
the Trigger Interfaces Circuit . This circuit produces the trig

ger that is furnished to the TRIGOUTPUTconnector on the

FG5010 front panel . The circuit also furnishes the square
wave signal that is applied to the N Burst Counter , which

under CPU control determines the number of cycles of sig

nal the FG5010 will generate in a burst .

The sine , square , or triangle -wave output from the Func

tion Switching circuit is applied to the Level Control & AM

circuits , which set the output amplitude of the signal , and

through the AM INPUT connector , introduces amplitude

modulation to the output signal . The signal , modulated or

not , is applied to the Amplifier , which amplifies the signal for

application to the Atten . This circuit applies attenuation to

the signal in 10 dB steps , up to 50 dB . The attenuated out

put is combined with the offset voltage from the Offset Gen,
and applied to the OUTPUTconnector .
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LOOP1 SECTION

INTRODUCTION

The Loop 1 Section consists of the following major

circuits , which are depicted on Diagrams 10 through 14:

Reference Section , Symmetry Circuits , Main Loop, Shrink
Control , and Clamp circuits . Although the Digital Control

Circuits exist on several of the diagrams , they are discussed

as a group in detail at the beginning of this discussion , and

only referred to in context thereafter .

LOOP1 BLOCKDIAGRAMDESCRIPTION

Refer to the block diagram for the Loop 1 section , in the

foldout pages of this manual . The Loop 1 Circuits form the

main analog signal generating source in the FG 5010. It is in

Loop 1 where the triangle and squarewave signals are

generated . Sinewaves are formed in the Sine Shaper

section by alteration of the triangle waves from Loop 1.

Beginning at the left side of the block diagram , the

FM/VCF input signal is fed to the Frequency Reference

Selector , which consists of a buffer , summing amplifier , and

several transmission gates . Under control of the CPU, the

Frequency Reference Selector applies some combination of

the VCFvoltage , the Frequency DAC, and the LOCKFreq

control voltage signal to the summing amplifier , to produce a

frequency control voltage that is proportional to the dc input

voltages and the applied digital control information . Also

under digital control , the circuit diverts the FM control

voltage to the Frequency DACcircuit .

The +10V Reference Source is an operational amplifier

that produces the reference voltage that is applied to the

DAC Reference Amplifier , the Shrink Control Current
Sources , and the DAC.

The DAC Reference Amplifier sums the +10V reference

voltage with the incoming FM control signal , if applied , and
sends the combined output to the Frequency DACcircuit for
application as the analog reference voltage .

The Frequency DAC produces a dc voltage that is

proportional to the voltage applied from the DAC Reference

Amplifier and the digital data that is applied to the DAC. This

output from the DAC is applied to the Frequency Reference
Selector for summing with other inputs .
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The Up Symmetry DAC and Down Symmetry DAC

furnish the control voltages that determine the symmetry of

the two slopes of the triangle -wave signal generated by the

loop . The Frequency Control Voltage from the Frequency

Reference Selector is applied to both of the symmetry

circuits , modified by the digital control of the circuits by the

CPU, then fed out to the Up Ramp Current Source and

Down Ramp Current Source as Vup and VDN , respectively .

The Up Ramp Current Source and Down Ramp Current

Source circuits are operational amplifiers that convert the

incoming voltage to dc current , applied as the charging

current sources to the Transistor Bridge circuit .

The current supplied to the Transistor Bridge is switched

by the bridge to provide the charge and discharge current

for the Loop Capacitors . Control signals for the Transistor

Bridge are supplied by the Bridge Buffer , in the form of

differential square waves.

The Bridge Buffer receives the squarewave signal from

the Level Detector , and applies the squarewave signal to

the Transistor Bridge , which causes the currents to the

Loop Capacitors to be switched at the proper time . The

Buffer also supplies a square wave to the High Frequency
Squarewave Buffer circuit .

From the output of the Transistor Bridge , the triangle

wave is applied to the Triangle Buffer . This circuit supplies

the triangle wave to the Triangle Selector , which selects

between the low -frequency triangle signal or the high

frequency triangle -wave signal . The output of the Triangle

Buffer is also fed to the Level Detector , a Schmitt trigger

circuit . Level detection is the process by which the triangle

wave signal passes voltage trip points , first switching the

detector outputs sharply in one direction , then the next . This

produces the square -wave that is supplied to the Bridge

Buffer . Two current inputs of opposite polarity are also fed

to the level Detector to modify the switching point of the
Level Detector . This input compensates for switching delays

in the loop that might otherwise cause frequency distortion
of the triangle -wave signal .

The Phase Clamp Diode , which is also connected to the

Loop Capacitors , steers the charging current away from the

capacitor to prevent the loop from free-running when gated ,
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burst , or triggered modes are selected . The diode is driven

by the Clamp Voltage Generator .

The Shrink Control Amplifier is controlled by the loop

capacitor selection relays , and the ramp rate control

voltages , Vup and VDN. Depending on the capacitance
selected and the ramp rates of the triangle wave, the shrink
control circuits feed more or less current to the Level

Detector to compensate for loop delay . The +10V
reference is also fed to the shrink control circuit .

Input triggers from the slope level selection circuit in

Loop 2 and the end - of- burst signal from the sine shaper is
applied to the Trig / Gate/ Burst Logic circuit . The square

wave from the HF Square-wave Buffer is also applied to this

circuit . The output of the Trig / Gate/ Burst Logic circuit is

applied to the Clamp Enable Switch to enable and disable

the phase clamp circuit , as required . The logic circuit also

sends a signal to the Loop 2 circuits to indicate when clamp
enabling has occured .

The DAC circuits receive the +10V reference and

control from the CPUby way of a latch . The output and the
+10V reference are fed to the Clamp Phase Voltage
Generator and the Lock Phase Voltage Generator. The

output of the Clamp Phase Voltage Generator is a voltage

that is approximately equal to the Trig /Gate/ Burst baseline

voltage .

The output of the Lock Phase Generator is a voltage

that is used by the Loop 2 circuits to determine the phase
difference between the input and the output signals during
phase -lock operation .

DIGITALCONTROLCIRCUITS

The Digital Control Circuits are the means of

communication between the CPUand the Loop Circuits . As

the operator , user , or Controller requires another setup to

be made by the FG 5010, the CPU sends an instruction

word to each segment of the FG 5010, including the Loop 1
circuits . The Loop 1 digital control circuits consist of latches
U1602, U1701, U1702 and buffer U1012(Diagram 10);

U1501, U1502, and U1601( Diagram 11) ; U1301and U1401
(Diagram 13) ; and U1141( Diagram 14) . Refer to Diagram
10.The STROBEL1, SHIFTENABLE, SHIFTCLOCK, and

SERIALDATAIN signals enter the board and are applied to
Buffer U1012, which converts the TTL levels needed to

operate with the CMOSlatches .

@
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All nine latches are connected in series to form a 72-bit

shift register . Following the positive excursion of the SHIFT

ENABLEsignal from the CPU, U1012Band C enable both

the CLOCKsignal from U1012pin 10 and the DATAsignal

from U1012pin 2 to pass to the Register . The data are

shifted through the register until the entire 72-bit group is

loaded . SHIFT ENABLE then returns low to keep the
CLOCKand DATAlines quiet when shifting is not occurring .

Following the loading cycle , the STROBEsignal , which is

applied to each eight - bit register , transfers the data from the

serial register elements to the register output lines , and the

Loop 1 Circuits are presented new instructions .

10 LOOP1 REFERENCECIRCUITS

Introduction

Refer to Fig. 4-3 , which is a simplified diagram of the

Loop 1 Reference Circuits . The principal circuits depicted on

Diagram 10 are the Frequency Reference Selector, the

+10V Reference, the DAC Reference Amplifier , and the

Frequency DAC.

TheLock Freq control voltage signal enters the circuit

and is applied to • LOCKtransmission gate U1821B, and is

applied as one of the summing inputs to summing amplifier

U1831. The FM/VCFinput passes through buffer U1731B,

where the signal either passes through VCFtransmission

gate U1821Ato be the second summing input to U1831, or

the FM voltage from the buffer passes through U1821Cto
be summed with the +10V reference at the input of

U1731C, the DAC Reference Amplifier . The summed volt

age is applied to the reference input of the Frequency DAC,

modified by the digital information from the CPU, then

processed and passed to U1831as the third summing input
to that amplifier . The resulting output of the reference cir

cuits is a dc voltage that is proportional to the sum of the
values fed into the output summing amplifier .

+ 10 V Reference

This circuit consists of amplifier U1731A, Zener diode

VR1831, and related components . The noninverting input of

U1731Ais controlled by divider R1736-R1833, which is con
trolled by the voltage across VR1831. The output of the

amplifier is controlled by adjusting R1735, the 10 V Adj po
tentiometer . The output , a precise +10V, is combined with

the output of analog transmission gate U1821C, then ap
plied to the DAC Reference Amplifier , discussed later in this

description . The +10V reference is applied elsewhere in
Loop 1.
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Frequency Reference Selector

The purpose of this circuit is to produce the frequency

control voltage that is applied to the symmetry DACcircuits ,

depicted on Diagram 11.The Frequency Reference Selector

consists of three analog transmission gates , U1821A, B ,

and C; and two amplifiers , U1731Band U1831. The latter is

a summing amplifier that combines the inputs of U1821B

(which applies the • LOCKFreq control voltage to the sum

ming point ) , U1821A(which applies the VCFcontrol signal

to the summing point ) , or the output of the Frequency DAC
circuit , which is discussed later .

The LOCKFreq control voltage is applied to the Loop 1

Board at P1510pin 13B, from where it is applied to analog
transmission gate U1821B, pin 4. If the LOCKcontrol line

from latch U1702pin 12 is low , U1821Bis enabled to pass

the error signal to U1831, thus giving the phase- lock section

low-pass filter from the Loop 2 circuits the control of the

loop operating frequency .

REF

€ LOCK

VCF

U1721
U17310

8
BIT

REF

U1612
U1621

H.
N

Fig. 4-3 . Loop 1 Reference simplified diagram .
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The FM/VCF input is applied through P1560 to the

noninverting input of amplifier U1731B, which acts as a buff

er with a gain of one. Diodes CR1741and CR1841limit the

input voltage swing to no more than 4.6 V and +11.4V.

From U1731Bpin 14, the signal is applied to U1821Aand
U1821C. In the first case , if the VCF control line is low

(U1702 pin 11) , U1821Apasses the signal from U1731B

through U1821Cto be summed with the +10V reference

from U1731A, and applied to the inverting input of the DAC

Reference Amplifier .

Amplifier U1831 is the summing amplifier for the Fre

quency Reference Selector . Input currents from U1821A,

U1821B, and the Frequency DACsection are fed individual

ly or in combination to pin 2 , the summing point of U1831.

The amplifier is clamped at 10 V output by VR1722. This

prevents overdriving the amplifier when large signals are fed

to the summing point .
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Frequency DAC

The Frequency DAC receives the dc voltage from the

DAC Referensce Amplifier , the input of which is the +10V
reference either alone or summed with the FM control volt

age. The Frequency DACproduces a dc output voltage that
is proportional to both the value of the input dc voltage and

the digital word applied from the CPU.

The Frequency DAC consists of two DAC circuits , the
coarse-tune DAC and the fine -tune DAC. The coarse-tune

circuit consists of 12 bit DAC U1612, amplifier U1631, and

related components . Feedback resistance for U1631 is

through the input , pin 18, using the internal resistance in

U1612. The input resistance is through the digitally con
trolled resistance ladder internal to U1612, a programmable

DACthat has 12 bits of resolution . The dc voltage from the

DACreference is applied to the V input , and is the drive

signal for the frequency DAC. To demonstrate the sealing

between the two stages , assume that the applied data is

equal to 0.5 decimal multiplier , and the V applied is

-10V.The output at U1631pin 6 would be 5 V, which is

divided by R1611-R1612-R1621 to produce a Thevinine
equivalent of +2.5 V to drive into R1723.

REF

REF

The fine -tune DAC consists of DAC U1721, amplifier

U1731D, and related components . The circuit operates in

the same way as the first circuit , except that U1721is an

eight -bit DAC, as opposed to the 12 bit resolution of U1631.

Also, the divider at the output of U1731Dis 1/2048 as op

posed to the 1/2 division of the coarse -tune DAC. Thus , with

the same input conditions , the Thevinin output of the fine

tune DAC will only be 0.0024 V, as opposed to the 2.5 V

output calculated in the last paragraph .

Together, the two DAC circuits operate with two bits of
overlap to produce an output current that relates to frequen
cy that has 18 bits of resolution . The composite current is
applied through input resistor R1723to the summing ampli
fier in the Frequency Reference Selector . The Thevinin out
put resistance of the Frequency DAC stages is 5 k ; thus ,
the gain of this leg of the summing amplifier is two :

40.0k
15.0k + 5.0k

DACReference Amplifier

The purpose of the DAC Reference Amplifier is to sum
the output of U1731A, the +10V reference , with the output

of transmission gate U1821C, which , when selected , is the

FM control voltage from amplifier U1731B. The DAC Refer

ence Amplifier consists of operational amplifier U1731Cand

Theory of Operation - FG5010

related components . The amplifier is configured as an in

verting operational amplifier with nearly unity gain . Potenti

ometer R1734is used to adjust the overall main loop gain .

The output voltage is sent to the Frequency DACcircuits for

use as the V. voltage .REF

SYMMETRYCIRCUITS

Introduction

Refer to Fig . 4-4 , which is a simplified diagram of the

symmetry circuits . The principal circuits depicted on Dia

gram 11are the Up Symmetry DAC, the Down Symmetry

DAC, the Up Ramp Current Source, the Down Ramp

Source, and the Digital Control Circuits . The Digital Control

Circuits are discussed just following the Loop 1 Block Dia

gram Description .

The Frequency Control Voltage , which is the summation

of the Lock Freq control voltage , the VCFvoltage , or the
Frequency DAC output voltage , is applied to the Up Sym

metry DAC and Down Symmetry DAC, which are identical
circuits . Each DAC consists of a 10 bit resistance -ladder

DACand an amplifier . Through the latch inputs to the DAC,

the Frequency Control Voltage is modified by the factor pro
grammed into the DAC, and the output voltage from the

DAC is fed to the Up Ramp Current Source and Down
Ramp Current Source , respectively , as the V and V.

voltages . Both voltages are sent to the Shrink Control Am

plifier ; in addition , the V voltage is applied to the input of

the U1042C(Diagram 14) , part of the Clamp Phase Voltage
Generator.

UP DN

UP

The two current sources are also identical . Each consists

of an amplifier and current driver . The circuits convert the

V. and V voltages to the I and I. currents that are fedUP DN UP DN
to the Transistor Bridge Circuit of the Main Loop, where the

two currents are switched in and out of the Loop Capacitor
charge path .

Up Symmetry DAC

UPThe Up Symmetry DACproduces the V voltage that is

applied to the Up Ramp Current Source, the Shrink Control

Amplifier , and the Clamp Phase Voltage Generator . The cir

cuit consists of DAC U1511, amplifier U1521, and related
components .

The Freq Control Voltage from the Frequency Reference
Selector is applied through R1633 to the V input of

U1511. The adjustment at the input is to ensure proper
REF
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tracking between this circuit and the Down Symmetry DAC.
Current through the digitally - selected ladder resistors is ap
plied to the inverting input of U1521. Feedback for the circuit
is provided by way of R1521and the resistance internal to

U1511. The resulting output of the stage is a dc voltage that
is a digitally -selected fraction of the applied frequency con
trol voltage .

Up Sym Ofst adjustment R1537is initially adjusted for
zero voltage at pin 3. Up Cur Ofst adjustment is set for zero
voltage at pin 6 of U1521with a zero word applied to the
programmable DAC. Finally , R1537is adjusted for zero col
lector current from Q1433.

Up Ramp Current Source

UPThis circuit converts the V voltage from the Up Sym
metry DACto the current that charges the Loop Capacitor
stage when the triangle wave is rising positive . The circuit
consists of amplifier U1421, transistor Q1433, and related
components . The circuit is an operational amplifier that uses
R1438 as the principal feedback element . Any change in
voltage applied to R1532, the input resistance , is inverted at
the output of U1421and causes a change in current through
Q1433. The output from the collector of Q1433is a current
that is fed to the Transistor Bridge circuit to be switched in
or out of the Loop Capacitor charge path . Up Current Null

+V

IUP

TRANSISTOR
BRIDGE

-V

UP RAMP
CURRENT
SOURCE

Fig. 4-4 . Symmetry circuits simplified diagram .

DOWN RAMP
CURRENT
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ION
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SECTIONAND
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TO
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SECTION
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Adj potentiometer R1531is adjusted to make up for minor
differences in tracking between the divider that consists of
R1541, R1536, and R1433, and the resistors that are in the
feedback path .

Down Symmetry DAC

The Down Symmetry DACproduces the V voltage that
is applied to the Down Ramp Current Source and the Shrink
Control Amplifier . The circuit consists of a 10 bit pro
grammable DAC (U1611) , amplifier U1622, and related
components .

Except for the symmetry gain adjustment and the circuit
to which it is connected , the Down Symmetry DAC is identi
cal to the Up Symmetry DAC. Refer to that description for
more details .

Down Ramp Current Source

DNThis circuit converts the V voltage from the Down

Symmetry DAC to the current that charges the Loop Ca
pacitor when the triangle wave is falling negative . The circuit
consists of amplifier U1551, transistor Q1443, and related
components .
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Except for the polarity of Q1443and the circuits to which
this circuit is connected , the Down Ramp Current Source is
identical to the Up Ramp Current Source . For further detail ,
refer to the description of the Up Ramp Current Source.

12 MAIN LOOP

Introduction

Refer to Fig. 4-5 , which is a simplified diagram of the
Main Loop circuits . The Main Loop is where the triangle
wave signal is generated , and also the squarewave . As
sume that the Transistor Bridge is operating such that it is

directing the lup current to the Loop Capacitor . This means
that the capacitor is taking a positive charge , or charging in
a positive direction . This change in voltage is passed

through the Triangle Buffer , which isolates the Loop Capaci
tor from the driven circuits . The Phase Clamp Diode steers
current from the node to prevent the Main Loop from free
running when gated , triggered or burst modes are chosen .

From the Triangle Buffer , the signal is fed to the Triangle
Selector , which selects whether the high -frequency triangle

UP
SHRINK

1

DOWN
SHRINK

1

LF TRIANGLE

LEVEL
DETECTOR

BRIDGE
BUFFER

from the buffer , or the low -frequency triangle from the Loop
2 circuits is to be passed to the Sine Shaper Circuits . The
triangle signal also is fed to the Level Detector , which re
ceives the output currents from the Shrink Control circuits .
These currents modify the point on the triangle signal that
the Level Detector switches . When the triangle wave
reaches the proper voltage , the Level Detector switches ,
and the transition is coupled to the Bridge Buffer , which
drives the Transistor Bridge and the HF Squarewave Buffer .
The Transistor Bridge is switched by the transition , and the

current is fed to the capacitor , and the voltage at the
input of the Triangle Buffer begins to drop at a linear rate .
DN

The Shrink Control currents that are applied to the Level
Detector have the following purpose . As the loop is required
to operate at higher frequencies , the loop begins to lag . For

example , at a 20 MHz triangle repetition rate , by the time
the Level Detector sees the triangle rise to the planned
100% point and switches the current in the Transistor

Bridge , the Loop Capacitor may well have charged up to
110% of the planned value . This affects both the amplitude
and the frequency of the triangle wave. By injecting less
current in at the Level Detector as higher frequencies are
selected , the Level Detector is induced to switch early , an

TRIANGLE
SELECTOR

TRIANGLE
BUFFER

HF SQ
BUFFER

IUP

TRANSISTOR
BRIDGE
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Fig. 4-5 . Main Loop simplified diagram .
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ticipating the proper time to switch at the Transistor Bridge

output .

Loop Capacitors

Refer to Diagram 12 in this and following discussions .

The Loop Capacitor stage consists of four relays , five fixed

capacitors , an inductor and an adjustable capacitor . The ca

pacitance values are arranged in decades , so that five fre

quency decades are possible by selecting the proper

amount of capacitance . Relays K1331, K1323, K1322, and

K1321, all driven by one of the Digital Control Latches , se

lect the proper amount of capacitance for the selected fre

quency . The first three of the relays also control the

selection and application of the shrink current to the Level

Detector , which is illustrated on Diagram 14.The loop ca

pacitance for the highest frequency range is actually two

capacitors , one of which is adjustable . Capacitor C1432 is

adjusted to bring the highest frequency range within

specification .

The Loop Capacitors are connected through test jumper

P1435to the Transistor Bridge circuit , which furnishes the

current for charging and discharging the capacitors . This

junction also connects to the input of the Triangle Buffer ,

the interface between the Loop Capacitors and the driven

circuits . The other connection to the Loop Capacitors is to

the Phase Clamp Circuits , depicted on Diagram 14. This

input is used when triggered , gated , or burst modes are

selected . In those modes , current is steered away from the

Loop Capacitors to hold the loop out of the free -running

mode , which permits the gating , trigger , and burst logic cir

cuits to control the start and stop of the loop .

Triangle Buffer

The Triangle Buffer provides the high - impedance inter

face required to isolate the Loop Capacitors from the driven

circuits . The buffer is a unity -gain amplifier that consists of

the following components : field -effect transistors Q1232A

and Q1232B, transistors Q1231, Q1234, Q1230, and

Q1332; Zener diodes VR1240, VR1220, and VR1230; and

related components .

The triangle -wave output of the Loop Capacitor circuit is

applied to the gate of Q1232Band Q1232A, which is a to

tem -pole amplifier configuration . Temperature compensa
tion transistors Q1234 and Q1231 act to maintain a

constant drain -source voltage across Q1232Band Q1232A,

respectively , which maintains a constant power dissipation .

Thermistor RT1230maintains a constant source impedance

on the base of Q1230, which is driven by the source of

4-12

Q1232B. The Zener diodes in the emitter and collector cir

cuits of emitter follower Q1230 limit the power dissipation

across the transistor . From Q1230, the triangle wave is ap

plied to the base of Q1332, the output emitter follower .

Power dissipation of Q1332 is reduced by VR1240 in the

collector circuit of the transistor . The triangle wave is taken

from the emitter of Q1332, then applied to the Triangle Se

lector and Level Detector circuits .

Level Detector

The purpose of the Level Detector is to determine the

switching point at which the charge current to the Loop Ca

pacitors , is reversed and to produce the square wave that

triggers that event . The square wave is passed through to

the HF Square Wave Buffer to be applied to other circuits ,

and for use as the output high -frequency square wave.

The Level Detector consists of transistor array U1351A,

transistors Q1341, Q1342, and Q1233, plus related compo

nents .The circuit is configured to be a Schmitt trigger stage ,

with some refinements . The main part of the circuit is

U1351A, which operates as a differential comparator stage

that has a constant -current sink . Zener diode VR1351sets

the bias for the current -sink transistor in U1351A, resulting

in a standing current through the conducting half of the dif

ferential pair of 4 mA . Transistors Q1341and Q1342form a

controlled differential amplifier that provides the positive

feedback to make the driving stage operate as a Schmitt

trigger circuit , sets the upper trip point for the circuit , and

makes provision for the Schmitt Defeat Circuit input by way

of Q1233, the remaining transistor .

The triangle -wave signal is applied to pin 4 of U1351A, to

be compared against the voltage at pin 1.This voltage , the

trip point for the Schmitt trigger circuit , is variable due to the

shrink current that is injected into the circuit to adjust the

upper and lower points .

Assume that the pin 4 input is more positive than the pin

1 input . This means that the applied triangle wave signal is

moving negative . (Also, for the purpose of simplification , as

sume that no shrink current is applied for the moment .) At

this time , the left transistor of U1351Ais cut off , the right is

conducting , Q1341is cut off , and Q1342is conducting . Nor

mally the SCHFEATline at the base of Q1233 is high , so

this transistor is not conducting . The pin 13 output of

U1351Ais at a low state , so the Transistor Bridge circuit is

operating in the down-current mode .

When the applied triangle -wave signal at pin 4 of U1351A

passes the voltage at pin 1, the left - hand transistor begins
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to conduct . This is immediately reinforced by Q1341, so the

circuit quickly changes state . The collector of Q1341pulls

positive on pin 1, establishing that point at the upper switch

ing potential . Now , the two Schmitt trigger transistors have
switched states , and so have Q1341and Q1342. This ac

tion reverses the condition of the Transistor Bridge , so it is

now operating in the up -current mode , and the triangle wave
is rising .

If up or down current is applied , the current flow through

R1344-R1343 changes , and the voltage at pin 1 rises or

falls commensurate to the change in current . The down

shrink current is applied all the time ; thus , when Q1341is

conducting to apply the up -shrink current , that current is

stronger in order to cancel the down -shrink current . The

shrink -current principle is discussed in more detail later in
this section .

Transistor Q1233 receives the SCHFEATsignal from

Diagram 14.This signal is low whenever triggered , burst , or

gated modes are selected , and the starting point is above

85 • on the triangle . The current provides the necessary cur

rent boost to raise the switching potential of the Schmitt

trigger above the level that noise spikes might cause the

loop to free- run .

The output of the Level Detector is

signal is applied to the Bridge Buffer .

square wave. The

Bridge Buffer

The Bridge Buffer circuit receives the differential -drive

squarewave output from the Level Detector , and applies it

to the HF Square Wave Buffer and the Transistor Bridge .

The buffer consists of unity -gain amplifiers Q1440 and
Q1441. These two transistors , unlike the others in the

switching circuits , are kept operating in the linear region by

the bias set by CR1330and CR1440. The current through

R1446 and R1445, the buffer emitter resistors , is set by

Schottky diode CR1440. Compensation for the V drop of

Q1440and Q1441is provided by CR1330.
BE

The Bridge Buffer operates as a signal splitter , in that the
emitter and collector excursions are essentially equal . Drive

current from these elements control the Transistor Bridge .

Differential drive from the buffer is also provided to the

HF Square Wave Buffer . Zener diode VR1450reduces pow

er dissipation through the buffer stage .

Theory of Operation - FG5010

Transistor Bridge

UP

This circuit switches the charge currents in and out of the

Loop Capacitor circuit . Charge currents up and IDN are ap
plied to the emitters of differential pairs Q1432 and Q1430

( up), and to Q1343 and Q1340 ( DN). These pairs are
switched asymmetrically , so only one of the two currents is
connected to the capacitor circuit at a time .

Switching of the conduction states of the bridge is con

trolled by the Bridge Buffer circuit . This circuit , upon receiv

ing a change in level from the Level Detector , drives one

section of the bridge from saturation to cutoff , and the other
section vice-versa .

HF Square Wave Buffer

This circuit translates the signals from the Bridge Buffer

into ECLlevels , which are applied to the Squarewave Selec

tor circuits depicted on Diagram 14.

Differential drive from the Bridge Buffer is applied to the

base inputs of transistor array U1315B. This is a differential

pair that is supplied by a current sink . Zener diode VR1351

sets the operating point and standing current of the stage .

Triangle Selector

Through control of relays K1131and K1231, the CPU

selects either the low -frequency triangle wave from the

Loop 2 circuits or the high -frequency triangle wave from the

Triangle Buffer , one of which is then applied to the Sine

Shaper circuits . The second section of K1231connects a

75 termination resistance to the output of the Triangle

Buffer , when the low -frequency triangles are used , to main

tain a constant load impedance on the circuit .

13 SHRINKCONTROL

Introduction

The Shrink Control consists of five major circuits : Shrink

Control Amplifier , Up Shrink Current Source, Down Shrink

Current Source, Relay Drivers , and the Digital Control Cir

cuits . The last circuit is discussed in the Digital Control sec
tion at the beginning of the Loop 1 description .

Refer to Fig . 4-6 , which is a simplified diagram of the

Shrink Control Amplifier and the two current sources . The

4-13
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V. and V voltages from the Symmetry circuits are ap

plied to the input of the upper section of the amplifier , and
the V voltage is applied to the input of the lower section of

the amplifier . Depending on the loop frequency range , one of
the three ranges of resistance is selected to provide the

proper input resistance to the amplifiers . Out of the two

amplifiers (upper and lower ) comes a voltage that is propor

tional to the applied voltage and the selected resistance .

The voltage from the two amplifiers is applied to the two
Shrink Current Sources , which furnish the shrink current to
the Level Detector .

At lower frequencies , component propagation delay is
minimal and has little or no effect on loop performance . At

higher frequencies , however, performance can be degraded

significantly if no measures are taken to compensate for the
delay. Figure 4-7 illustrates a stylized pair of triangle
waveforms that are different in ramp rate . The reader should
note that these two figures are exaggerated for purposes of
explanation . In the figure , T is the constant delay that oc
curs for an event to transit the loop , or otherwise stated , the

time that elapses from the moment that the Level Detector

perceives the triangle to be at the upper switching potential
to the time that the triangle actually reverses direction . Note
that the switching potential KV is slightly lower than the

triangle peak in both cases to compensate for the delay at
UP

KH

U1641A

•

Fig. 4-6 . Simplified diagram of Shrink Circuits .
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U16410
Q1242
Q1531
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faster ramp rates . As the ramp changes , the delay remains

unchanged , so the faster -rising signal ( dashed line ) will sig

nificantly overshoot the planned triangle peak . To overcome

this , the Shrink Control Current Sources produce the cur

rent necessary to shift the switching point to compensate

for a change in slope . At lower ramp rates , the correction is
not required .

UP DN

1

Refer to Fig . 4-8 , which is a simplified diagram of the
Level Detector and Shrink Control Current Sources . For the

moment , assume that V and V are equal and opposite .

These two voltages are proportioned to the symmetry , and
are discussed later . Assume that the left half of U1351Ais

cut off , which means that the triangle is on the down slope .

This also means that all of I , is steered through Q1342.

Thus, the current through R1343- R1344is the 12 shrink cur

rent only , so the switching potential of the circuit is con

trolled by , and is thus the lower of the two switching
potentials . When the triangle wave crosses the lower point ,
the left side of U1351Aconducts , and Q1342is cut off . The

I, current is steered through Q1341to cancel some of the 12
current and raise the voltage at the collector of Q1341. This

is the upper switching potential .

To avoid the overshoot problem at higher frequencies ,
the shrink circuits remove current bias at the three highest
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frequency ranges . This is done at both extremes of the sig
nal , since the overshoot occurs on both negative and posi
tive peaks .

Fig . 4-7. Stylized triangle waveforms showing different trip -point voltages with different ramp rate.

Refer again to Fig . 4-7 for the following discussion . The
solid waveform is one that has 50% symmetry , and the
dashed - line image is unsymmetrical , having 10% on one
slope and 90% on the other . With the same loop time delay,
the sharper slope of the rising signal requires a different

switching potential to avoid overshoot and a resulting fre

quency and amplitude change . In the figure , K V„ (10) and

K V„ (50) are compensating voltages required for 10% and
50% symmetry waveforms , respectively . The V and V.

voltages applied to the Shrink Control Amplifier compen
sates for the symmetry difference , since both are generated
by the symmetry circuits .

UP
UP

UP DN

In summary , the current applied to the Level Detector
from the Shrink Circuits is a function of both frequency and
symmetry of the triangle waveform .

Shrink Control Amplifier

Refer back to Fig . 4-6 , which is a simplified diagram of
the Shrink Circuits . This circuit consists of multiple trans
mission gate U1841, amplifiers U1641Aand U1641C, and
related components . The V and V voltages from the

symmetry circuits are applied to the input resistors at the
inputs of U1841. Two sets of resistors are connected to the

UP DN

50 %
SYMMETRY
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3467-14

gate ; R1747, R1755, and R1745connect to the upper in
puts , as do R1746, R1744, and R1756; the set that is con

nected to the lower inputs are R1757, R1748, and R1842.

Both sections operate very much the same , so only the up
per section is discussed in detail .

UP
DN

Thetwo sets of three input resistors are each arranged in
value so that each ascending size is ten times the former .
One set is connected to the V voltage , the other to the
V. voltage . On the other end , a pair of resistors form a

summing point for the two voltages at each of the YO, Y1,

and Y3 inputs to the gate . (The Y2 and X2 inputs are not

used .) Depending on the state of K1331and K1323, one of

the three pairs of input resistors is selected . The opposite
contacts of these two relays select the capacitors that set
the loop to the second- and third -highest frequency ranges ,
depicted on Diagram 12.Thus , if the highest range is select

ed , both capacitor contacts (K1331Aand K1323A) are

open , which causes both shrink current contacts ( K1331B

and K1323B) to be closed . The input code to pins 9 and 10

is thus 11,, which enables the Y3 input (X3 in the lower

section ), applying current through the selected resistors to

the amplifier . Since the Y3 resistance is the smallest combi
nation of the group , the amplifier has the highest gain , pro

duces the most current , and ultimately the least total shrink
current . If the next lower frequency range is selected ,
K1331Bopens and K1323B closes , which applies a resis
tance that is ten times larger than the previous one, through
the Y1 input . Likewise , the next smaller frequency range
selects the YO input resistors , which are 100 times larger

4-15
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Q1341
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R1343-|
R1344

+4V

R1335

U1351A

R1354

-12V

than the first . At the next lower frequency range , K1322B
opens , which inhibits the transmission gate from supplying

current to the amplifier , so no shrink current is supplied on

that range or lower ones.

Amplifier U1641Aproduces a voltage that is proportional

to both the input resistance selected , and the voltage ap
plied to the input . Feedback is ordinarily through R1752for

low -level inputs , but in the case of a large voltage (such as

the highest frequency range ) CR1750conducts to reduce

the stage gain by a factor that varies nonlinearily to approxi

mately 3.5 at the highest input voltage .

The lower section of the amplifier is nearly the same ,

except that the input voltage is V only . The output of

+4V

R1339

*

-12V

Q1342

M
TRIANGLE

FROM
TRIANGLE
BUFFER

ME

VR1351

Fig. 4-8 . Simplified diagram of Shrink Control and Level Detector .

JUM
SQUARE

WAVE TO
BRIDGE
BUFFER
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U1641Cis fed into R1652, the input resistance of the Down
Shrink Current Source .

Up Shrink Current Source

This circuit is a voltage to current converter that provides

the Up Shrink Current for the Level Detector circuit . The

stage consists of amplifier U1641B, feedback transistor

Q1241, and related components . Feedback for the circuit is

provided through R1751. The voltage from U1641Ais alge

braically summed with the +10V reference through R1851,

to emerge as the Up Shrink Current for the Level Detector ,

applied at the emitter of Q1341and Q1342. Up Peak adjust

ment is set so that the uppermost peak tracks the

lowermost peak .

(8)
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Down Shrink Current Source

This circuit is also a voltage to current converter that
provides the Down Shrink Current for the Level Detector .

The stage consists of amplifier U1641D, Darlington transis
tor Q1551, transistor Q1242, and related components . Bias
for Q1242is provided by VR1351, depicted on Diagram 12.
This sets the base of Q1242 at approximately -5.8 V.

The voltage from U1641Cis applied to R1652and alge
braically summed with the +10V reference . The difference

drives U1641D, which in turn drives Q1551and Q1242. The

cascode configuration decouples the transitions from the
Level Detector from affecting the performance of this stage .

Relay Drivers

Relays K1131through K1331 are driven by buffers
U1311through U1411. These drivers are Darlington pairs ,

one pair to each driver . Each is in turn driven by a line from
one of the latches . The purpose of each relay is stated in
Table 4-1.

K1131A

K1131B

K1231A

K1231B

K1321A

K1321B

K1322A

K1322B

K1323A

K1323B

K1331A

K1331B

Table 4-1

LOOP1 MAGLATCHRELAYS

Selects low -frequency triangle .
NC

Selects high -frequency triangle .
Connects 75 load to Triangle Buffer .

Connects loop capacitor C1411into loop .
NC

(a)

Connects loop capacitor C1211into loop .
Inhibits shrink control operation .

Connects loop capacitor C1421into loop .
Selects shrink control resistance .

Conencts loop capacitor C1422 into loop .
Selects shrink control resistance .

Strobed +8 V is applied to P1510, pin 8A, which pro
vides the current path for the relays to energize . (The
emitters of the Darlington buffers are connected to the
+8 V return line .) Once a driver has energized , a relay
through the A coil , for example , the relay will stay latched
until the opposite driver pulls the relay contact to the B side .
Note that K1331, K1323, K1322, and K1321are individually
controllable , and that K1231and K1131are cross -connect
ed . The first four control the loop timing capacitors , as noted
in Table 4-1. The remaining two are cross -connected to en
sure that these two relays are mutually exclusive ; i.e., the
two triangle signal sources are never connected again .

Theory of Operation - FG5010

14 CLAMPCIRCUITS•

Introduction

Refer to Fig . 4-9 , which is a block diagram of the Clamp
Circuits . The TRIG/GATE, FREEGATE, BURST, END OF
BURST, and HFSQ signals are applied to the Trig/
Gate/Burst Logic Circuit . This is the mode logic that deter
mines the Clamp Enable Switch action and timing . The
FREEGATEand BURSTsignals set the modes , and the
other signals provide the timing for the events from the cir
cuit . The logic circuit also ensures that the main loop re
mains running during Loop 2 operations to furnish the
triangle and square waves to the Loop 2 circuits .

The Square Selector receives the HFSQ, HFSQ, Low
frequency squarewave , and data signals , and produces the
output selected squarewave signals . The selection is con
trolled by the HI RANGEinput line .

Latch U1141receives , stores and applies the digital data
that controls > DAC U1041-U1042A. This circuit produces
an output voltage that is a function of the input data and the
+10V reference . This voltage is applied to two networks
that establish a difference between the +10V reference

and the applied voltage . The difference is derived by two
separate summing networks , each of which supplies an am
plifier . These are the ‚ Lock Phase Voltage Generator and
the Clamp Phase Voltage Generator . The first of the two
produces a voltage that is applied to the Loop 2 circuits to
determine the relative phase between the FG 5010 output
signal and the input signal during phase -lock operation .

The Clamp Phase Voltage Generator , which is gated by
the Clamp Enable Switch , is used during the modes where

the loop is controlled externally ; i.e., gated , triggered , and
burst modes . The stage sets the point at which the loop will
be stopped , due to the data applied from U1141.

The Clamp Enable Switch is driven by the logic circuits ,
discussed later . The switch steers current from the Clamp
Phase Voltage Generator circuit to permit free-running the
main loop , or clamps the loop by shutting off the current
path . The circuit also enables or disables the Schmitt Defeat
gate , which does not operate during clamp operations .

$ DAC

The DAC produces an output voltage that is a pro
grammed fraction of the +10V reference . The circuit con
sists of DACU1041, amplifier U1042A, and related circuitry .
Feedback current for the amplifier is through the internal
feedback resistance in U1041.
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The data from latch U1141is applied to the DAC, setting
the gain of the stage . The resulting output voltage is from
to 10V.This voltage is applied through R1152to be alge
braically summed with the +10V reference . The sum is ap
plied to amplifier U1042D.

The output voltage from U1042Ais also applied through
R1051for algebraic summation with the +10V reference
through R1052. The sum is applied to amplifier U1042B, the

Lock Phase Voltage Generator.

V UP

U1042B

CLAMP
ENABLE
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CR1323
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Q1224
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Fig . 4-9 . Block diagram of Clamp Circuits .
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Clamp Phase Voltage Generator

The circuit consists of amplifiers U1042D and U1042C,
transistors Q1235and Q1225, and related circuitry . The cir
cuitry forms two operational amplifiers that take current
from and supply current to the node at the cathode of
CR1324, the phase clamp diode . The sum voltage that is
applied to the input resistors of U1042Dcauses that amplifi
er to generate a voltage at the anode of CR1323that is the
baseline clamp voltage . Amplifier U1042C and Q1235form
another current generator , driven by the V• voltage from
the Symmetry Circuits , that provides twice the loop capaci
tor current through Q1235.
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Refer to Fig . 4-10, which is a simplified diagram of the
Phase Clamp Circuits .

Assume that transistor Q1224on Diagram 14 is conduct
ing . This indicates that the main loop is in a free-running
mode , and no gating requirements exist . The collector of
Q1224is at +1.4V, clamped at that point by CR1322and
CR1321. All of the current through Q1235 flows through
Q1224, since CR1323is back -biased . Phase Clamp Diode
CR1324is also back -biased , so no current passes through
that diode . Current through Q1225 passes through R1126,
since CR1323 is reverse-biased by the +1.4V clamping
potential .

Next, assume that the Trig /Gate/ Burst Logic circuits re
ceive instructions to operate in one of those three modes.
The Clamp Enable Switch is tripped , and Q1224 is cut off.
The node at the cathode of CR1324 drops to the point
where CR1323and CR1324each take part of the current
through Q1235. Both diodes are conducting since I isUP
through CR1324and 21, is through Q1235, then I must
also flow through CR1323, and the anodes are at the same
potential . Thus , the voltage at the emitter of Q1225, which
is the phase clamp voltage , is also the voltage at the loop

+10.0V
REF

DATA
8

1

BIT

PHASE
DAC

Theory of Operation - FG5010

capacitor circuit . In this way, the DAC controls the loop
capacitor in gated , burst , and triggered modes.

V UP
FROM

SYM SECTION

Clamp Offset adjustment R1151is set for a -1 V trip
point at pin 4 of u1351A, the Level Detector , with the DAC
set to zero data ( -90 • ) . Clamp Gain adjustment is set for
+1V at the same point with the DAC set for 255 decimal
( +90 • ).

Trig /Gate/Burst Logic Circuits

Refer to Fig . 4-11, which is a simplified diagram of the
logic circuits . Also refer to Diagram 14 while reading the
description . The circuit consists of gates U1211A, U1211B,
U1011Dand U1211C; dual flip -flop U1201; transistors
Q1102, Q1201, Q1114, and Q1113, plus related compo
nents . The logic circuit provides the gating and triggering
control over the phase clamp circuits during gating , trigger
ing , and burst modes .

The FREEGATEsignal from latch U1301 is applied to
Q1102, the emitter of which controls one input of U1211A.
When FREEGATEis high , the triggers and gates are

DIFFERENTIAL
DRIVE FROM

U1211C

Q1224

I UP

+12V

‚

1UP

3000

2 1UP

Fig.4-10. Simplified diagram of Clamp Phase Circuits .
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blocked from passing through U1211A, but go directly
through U1211B. When the signal is low , U1211Acan pass
triggering signals to the pulse-forming network at the output
of the gate . Likewise , the BURST signal at the base of
Q1201comes from the latch , and controls the reset input of
U1201A(pin 4) to enable burst operation when low , and
disable it when high . The STOPLP line from U1301is ap
plied to the set input of U1201Bthrough CR1401. This line

is used by the CPUto control the loop state when switching
modes .

The TRIG/GATE signal is applied to U1211Aand
U1211B, which with R1213H, R1212, and C1111, make up
a pulse -forming network . Assuming that U1211Apin 4 is
low and pin 5 is high , the output is low for both U1211Aand
U1211B. When the TRIG/GATEsignal moves negative , the
output of U1211B, pin 14, rises immediately . The output of
U1211A, pin 3 , begins to rise , but is delayed by the network
at the input of U1211B, pin 13.Approximately 5 ns later , pin
13 rises sufficiently to pull the output low , resulting in a 5 ns
pulse . One of these pulses occurs with each applied nega
tive transition . The pulse is applied to the set input of
U1201A, and the reset input of U1201B.

TRIG/ BURST
MODES ONLY

F
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$
D

‚ CK
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TRAMPUP

Q

R Q
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Fig.4-11. Simplified diagram of Trig / Gate/ Burst Logic .
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The logic circuits operate in three modes : Burst , Trigger,
and Gate. The following discussion treats the circuitry as it
operates in each mode .

Triggered Mode . At the beginning of this sequence, pin
11is pulled low to allow the other two inputs to control the
gate . The FREEGATEsignal is low , which allows the

TRIG/GATEsignal to produce a 5 ns trigger pulse . During
this time , the BURSTsignal is high , since the burst mode is
not selected . This holds U1201Areset , which in turn holds

pin 10 high . The trigger pulse goes to the set input , pin 5 of
U1201A, and the reset input of U1201B. The pulse has no
effect on U1201A, since the burst signal is still high at the
reset input . However, U1201Bresets , placing a high level at
output pin 14.This enables U1211Cpin 9 , and turns on the

loop . U1201Bpin 14 goes low when SELSQWVmoves

high at the Level Detector trip point of the triangle , thus
giving control of U1211Cto the HFSQsignal at pin 10.Now,
at the next negative transition of the squarewave signal at
pin 10, the output of U1211Cwill switch , causing the Clamp
Enable Switch to change state , and will stop operation of
the main loop .

(8)
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In addition , the outputs of U1201Bswitch differential pair
Q1114-Q1113, causing the CLOXONsignal to Loop 2 to be
low , and the BURSTON signal ( rear interface option ) to be
high .

Gating Mode. In this mode , FREEGATEis high . Thus,
U1211Ais disabled , and no trigger pulse can be generated .
The TRIG/GATEsignal goes low at the outset , so pin 14of
U1211Bgoes high to reset U1201B. (U1201Astays reset
because BURSTis still high .) The positive level from pin 14
of U1201Bpulls U1211C, pin 6 , low , causing the Clamp
Enable Switch to start the main loop running .

The high BURSTsignal from Q1201holds the reset in
put , pin 4 of U1201Ahigh , so the D input , pin 10of U1201B
is high . The loop continues to run while the gate signal
moves negative to release the reset state of U1201B. When
this occurs , the next positive edge at pin 11sets the flip
flop , pin 14 moves low , enabling U1211Cto switch . This
occurs at the next negative transition of the applied HFSQ
signal at pin 10, which corresponds to the negative extreme
of the triangle wave in the main loop . The Clamp Enable
Switch immediately shuts off the loop , and the triangle wave
signal operates for only the gate length , as a result . Howev
er, since triangles are always produced in integral numbers
of cycles , the loop will stop at the same point on the same
slope as the start , following the gate ending .

Burst Mode . In this mode , the FREEGATEline is low ,

which allows the trigger pulse to be generated . The BURST
line is also low , so U1201Ais not held reset as before . Thus,

the first trigger sets U1201A, and resets U1201B. This
places a low level at pin 10 of U1201B, and the high level
from U1201Bpin 14 triggers the Clamp Enable Switch to
start the main loop running .

As long as U1201Aremains set , the D input of U1201B
remains low . Thus , the clock signals applied to pin 11won't
alter the flip -flop state . When the burst is to end , the
END OF BURSTsignal moves low , and the positive edge
at pin 6 of U1201Aclocks the flip -flop to the reset condition ,
and pin 10 of U1201Bmoves high . At the next positive edge
at pin 11of U1201B, the flip -flop sets , pin 14 goes low , and
when pin 10 of U1211Cnext goes low , the main loop is
stopped to end the burst .

Theoryof Operation - FG5010

Clamp Enable Switch

This circuit consists of Q1224 and Q1223, and also
Q1222 and Q1221, which are not involved directly in the
clamp switching . Transistors Q1224 and Q1223form a dif
ferential pair that steers the current for the Phase Clamp
circuit , and thus control the circuit operation . The current
that flows through R1224 and R1225 is sufficient to over
come the 21 generator and to pull the node at the cathode

of CR1324up to 1.4V, when CR1322and CR1321clamp
the circuit . This permits the loop to free-run . If the differen
tial pair switches , the cathode of CR1324is pulled down to
the point where the charging current is taken by the 21,UP
current source , stopping the loop .

UP

The collector of Q1223controls transistor Q1222, which

in turn control Q1221, which is the path for the Schmitt
Defeat control from latch U1301. The drain of Q1221con

trols transistor Q1233( Diagram 12) . When the loop is run

ning , passage of the signal is blocked , so that the circuit

does not affect the trip point when gating , triggering , or
burst modes are selected .

Square Selector

Transistors Q1022 and Q1021are a level translator that

converts ECL levels to TTL levels for use by the Loop 2
circuits . The HFSQand HFSQ signals are differentially ap
plied to the circuit . The output is taken from the collector of
Q1022.

The HFSQsignal is also sent to U1011A, the other input
of which is controlled by Q1121. The HI RANGEsignal is
applied to the base of Q1121. If the signal is high , Q1121
conducts , cutting off Q1122and enabling the signal at pin 4
of U1011Ato pass through to pin 13 of U1011C. Since
Q1122is cut off , the LOW FREQSQWVsignal cannot pass
through U1011B, and the low at the output of U1011Ben
ables U1011Cto complete the path for the fast squarewave
signal . Two complementary outputs are produced , SE
LECTEDSQWVand SELECTEDSQWV. Both are fed off
the board for use in other circuits , and the SELECTED
SQWVis used to control U1201pin 11.
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LOOP2 SECTION

INTRODUCTION

The Loop 2 section consists of the following major
circuits , which are depicted on Diagrams 12 through 19:
Trigger circuits , Phase Lock circuits , Low-Frequency
Generator, and Frequency Control . Since they are part of

the Loop 2 subassembly , the Trigger circuits and Phase
Lock circuits are included in the following Block Diagram
description . However, since neither are considered part of
the main signal path , they are discussed later in this section ,
under the heading Trigger , Phase Lock , and N Burst
circuits . Also, the Digital Control circuits are discussed as a
group following the Block Diagram description .

The Loop 2 circuits form the low -frequency digital
counterpart of Loop 1.The generation of any triangle wave
signal that is below 200 Hz is the function of the Loop 2
circuits . The squarewave signal from Loop 1 is applied to
the Loop 2 circuits , which divide the signal by 100,000 and
use it to build a digital staircase signal that consists of 1000
increments and 1000 decrements . The result is applied to

the Function selector for application to the Sine Shaper or
Output Amplifier circuits .

BLOCKDIAGRAMDESCRIPTION

Refer to the Loop 2 Block Diagram . The external trigger
is applied to the Trig / Gate Input Amplifier , which shapes the
signal and applies it to the Slope Selector and Phase
Detector Logic . The Slope selector chooses either the
positive or negative excursion of the trigger signal by
inverting it or not , and applies the signal to the Trigger
Status Sensor, and to the Loop 1 Logic . The Trigger Status
Sensor output informs the CPU of the existence and
frequency of the trigger signal .

The Phase Detector Logic compares the frequency of the
trigger signal to that of the Loop 1 square wave. The output
causes the Charge Pump to draw current from or force
current into the Lock Filter , which is an integrator with
selectable capacitance . The output voltage is applied to the
Frequency Reference Selector in the Loop 1 circuits , and to
the over and underrange Detector , which informs the CPU
as to the comparison of trigger and squarewave signals .

The Phase Detector Logic also feeds the Lock Detector ,
which informs the CPUthat the two signals are locked , or
not .

The squarewave signal from Loop 1 is applied to the
+1/ + 10 circuit for application to the Loop Cycle Counter ,
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which counts down from a number that is preset by the
CPU. The Count Gate Control uses the output of the Loop

Cycle counter to control the Gate, which applies the 4 MHz

signal from the Clock Shaper to the Reference Counter . By

counting the 4 MHz cycles that are permitted to pass
through the Gate, the CPU can determine the frequency
accuracy of the Loop 1 signal .

The squarewave signal from the HFSQ Buffer is also

applied to the Variable Symmetry Counter , which divides
the incoming signal by a programmed number for each low

frequency triangle slope . That is , if the symmetry is 20-80 ,

then the divisor during up slope is 20 and during down slope

is 80. The incoming frequency is set so that the number of
output cycles is 1000 up slope and 1000 down slope . The

output of this counter is fed to the Integral Cycle Counter .
This counter keeps track of how many increments have
occurred from the Variable Symmetry Counter , and stops
the incoming signal at increments of 2000. (This makes sure

that a cycle is not stopped before completion .) It also
implements the HOLD function , to stop a low-frequency

signal at a point determined by the CPU.

The Max-Min Count Detector senses the output of the
LF Generator Counter , reversing the count each time the
counter reaches 1000 or 0. This stage also produces the LF
squarewave to Loop 1.The LF Generator Counter is preset

to the start point by the CPU, then increments with each

cycle from the Variable Symmetry Counter . The output of
the LF Generator Counter is fed to the LF Triangle DAC,
which produces a dc voltage that is proportional to the
counter output . The resulting triangle -wave signal passes
through the LF Triangle Buffer , then is applied to the Loop 1
circuits .

DIGITALCONTROLCIRCUITS

CPUaccess to the Loop 2 circuits is through the Digital
Control circuits , which consist of two serial -parallel shift reg
isters . The first of the two registers consist of five eight - bit
latches , U1422, U1520, U1620 (all on Diagram 17), U1420,
and U1510(both on Diagram 18) . When a charge is to be
made to one or more bits in the register , the forty -bit word is
applied to the input of U1520, which is first in line to receive

data . The clock pulse is applied simultaneously , so forty
pulses later , the entire register is loaded . Then, the
STROBE2L2 signal is asserted to transfer the serially - intro
duced data to the output lines . Figure 4-12 shows the Digital
Control circuit configuration , and lists the circuits controlled
by each latch . Note that U1620 and U1520 are also con
trolled by LOW FREQSQWVand LOW FREQSQWV, re
spectively . These two latches are alternately enabled by
these signals to control common output lines .
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LFSQWV
STROBE 2L2
CLOCK

LFSQWV

DATA

STROBE 1L2

U1620
ENABLE
LATCH
CLOCK

U1422

LATCH

CLOCK

U1510

LATCH

CLOCK

U1420

LATCH

CLOCK

U1520
ENABLE
LATCH
DATA IN

CLOCK

U1122
DATA IN
LATCH

CLOCK

U1112

LATCH

CLOCK

UP SYMMETRYCOUNT

The second register consists of U1112and U1122. This
register operates in the same way, except that the word
length is 16,and STROBE1L2is used to transfer data to the
output .

INVERT SQWV
SELECTLF OR HF SQWV
ENABLE LOOP CTR START
LOOP CTR STARTPULSE
INVERTTRIGGER
‚ LOCK FILTERSELECT

HOLD FUNCTION

1/10 CONTROL

LF GEN CTR PRESET

LF GEN CRT PRESET

Theory of Operation - FG5010

DOWN SYMMETRY COUNT

PRESETLOOP CYCLECTR

Fig. 4-12. Loop 2 digital control circuits .

PRESETLOOP CYCLE CTR

3467-30
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VARIABLESYMMETRYAND

INTEGRALCYCLECOUNTER

Introduction

The circuits depicted on Diagram 17make up two major
circuits : the integral Cycle Counter and the Variable Sym

metry Counter.

The integral Cycle Counter keeps track of the output of
the Variable Symmetry Counter to be sure that if it is gated ,

the number of cycles counted is in multiples of 2000 .

The Variable Symmetry Counter divides the incoming
squarewave by the symmetry factor that is applied by the

CPU. The output of the counter , applied to the Integral Cy
cle Counter and LF Generator Counter , is a squarewave

that is one frequency for 1000 cycles , and another in the

next 1000, unless 50% symmetry is selected . In that case,
the frequency is the same for each group of 2000 .

Variable Symmetry Counter

This circuit consists of a cascoded pair of synchronous
four-bit counters (U1432 and U1530) , one-shot U1202,
NOR gate U1300A, and latches U1520 and U1620. (The
relationship of the latches to the CPU has been discussed

earlier in the Digital Control circuits discussion .)

In generation of a single low -frequency triangle cycle ,
1000 increments are always used in the up slope and 1000
in the down slope . Since the number of increments on each

slope is constant and the symmetry varies from 10to 90%,
the number of cycles per slope must change to match the
symmetry . Thus , for example , if the up symmetry is 20%

and the down symmetry is 80 %, the divisor for the up slope
to the Variable Symmetry Counter will be set by the CPUto
be 20 , and 80 for the down slope . Therefore, the frequency
applied to the Symmetry Counter must be 100,000 times
the desired output frequency .

At the beginning of each up slope , U1620 loads the up
slope symmetry factor into U1432 and U1530. This is illus

trated by the following example . Assume that the symmetry
is to be 45%-55%. The counter capacity is 256 , so U1620
loads 256-45 = 211into the counter . At the beginning of
the down slope , U1520 is ready to load 256€55 = 201 into
the same two counters . This operation switches back and
forth so long as the 45-55 symmetry is required , and a sig
nal is to be generated . The counter is reset in two ways : 1)
the ripple carry from U1530 moves high when the counter
overflows , causing U1300A to reset both U1432 and

4-24

U1530; 2) the CPUgenerates a signal through U1402Bthat

resets the counter before beginning a different symmetry or

at the outset of count . This reset signal is also sent to the

LF Generator Counter on Diagram 18 to reset that counter .

The output of the Variable Symmetry Counter is first fed

through one-shot U1202, which widens the output pulses

for use by other circuits . The output is fed to the Integral

Cycle Counter and to the LF Generator Counter , depicted
on Diagram 18.

Integral Cycle Counter

The Integral Cycle Counter accumulates the output of the

Variable Symmetry Counter to determine if the total count is

2000 , and causes the Variable Symmetry Counter to reload

at the completion of each 2000 count . The stage consists of
up-down counters U1200, U1102, U1100, gates U1312B,
U1312C, U1312A, inverters U1310Eand U1310A, flip -flop
U1402B, and related components .

At the outset , the load input of each counter is pulled low

by the CPUby way of U1422 pin 11, through U1312C.

When the CLOXON signal from Loop 1 is asserted ,
U1402B is set . CR1410allows the CPU to reset when re

quired . The low level from pin 8 of U1402Bis applied to pin
13 of U1312Band pin 3 of U1300A, which permits other
inputs to exercise control of these two gates . The pin 9
output of U1402Bpresets the LF Generator Counter depict

ed on Diagram 18. Since pin 2 of U1312Bis also low (this
line is asserrted when the HOLDfunction is activated ) , the

HF SQWVsignal passes through U1312B. The signal is di

vided by the symmetry factor , then passed to the Integral
Cycle Counter . When 2000 events have accumulated in the
counter , all three inputs to U1312Aare low , causing a posi

tive edge to be applied to the clock input , pin 11, of U1402B.

If CLOXONis not low yet , the edge is ignored by U1402B.
The same event is passed through U1312Cto reset and

reload the Integral Cycle Counter . When CLOXONeventual

ly goes low , U1402B is reset by the very next positive edge
from U1312Aat the end of the next 2000 count cycle . When

U1402Bresets , the Variable Symmetry Counter is reloaded

by U1300A, and the high at pin 13 of U1312Bprevents
further passage of the squarewave .

"

The third input to U1312B(pin 2 ) comes from the CPU
via U1510. This line is asserted when the HOLDfunction is

activated . It permits the signal to be stopped and held indefi

nitely at any point on the output waveform . This only ap

plies , however, to signals generated in Loop 2. When pin 2

is released , the cycle continues until otherwise terminated

by normal means .

(8)
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18 LOW FREQUENCYGENERATOR

Introduction

The Low-Frequency Generator receives the output of the
Variable Symmetry Counter , adds the phase information
from the CPU, and produces the low -frequency squarewave
and triangle -wave signals for use in the Output Amplifier .
The circuits consist of the LF Generator Counter , the Max

Min Count Detector , the LF Triangle DAC, and the LF Trian
gle Buffer .

LF Generator Counter

This circuit consists of latches U1510and U1420, and

synchronous up-down counters U1410, U1412, and U1500.
Referto the Digital Control circuits discussion just following
the Loop 2 Block Diagram Description for the description of
how the CPU and latches operate here.

At the time that the Variable Symmetry Counter is loaded
by command of U1402B (Diagram 17) , that same flip -flop
pulls high on the load input ( pin 11) to each of the counter
elements (U1500, U1412, and U1410). The CPU has al
ready loaded latches U1420 and U1510with the phase
data , so the counter is preset with a number that corre
sponds to a point on the output triangle , to be the starting
point on the output waveform .

At the same time that the LF Generator Counter is being
preset , the CPUcommands the counter to count down . This

is by way of U1402B pin 8 on Diagram 17, which pulls high
on pin 5 of U1300D (Diagram 18) , which in turn resets
U1402A.

When the signal from the Variable Symmetry Counter
arrives at the clock input of U1410, U1412, and U1500, the
counters increment . The output of these counters is fed to
the LF Triangle DACfor analog conversion , and to the Max
Min Count Detector . This output counts up to the 1000
count , decrements to zero, increments to 1000, etc., so long
as the signal continues from the Variable Symmetry
Counter .

Max -Min Count Detector

This circuit monitors the LF Genertor Output and switch
es the direction of the counters after each 1000 events oc

cur . The circuit also produces the LOW FREQ SQWVand
LF SQWVsignals that are applied to U1620 and U1520

(Diagram 17) to alternately enable those latches . LOW
FREQSQWVis also sent to U1210D( Diagram 19) to be
applied to the Loop Cycle Counter , and LOW FREQSQWV
is sent off the board for use by the Loop 1 circuits . The
circuit consists of gates U1230B, U1300B, C and D , U1302,
latch U1402A, and inverter U1310D.

(8)

At the beginning of an operation , the CPU resets
U1402Aby resetting U1402Bon Diagram 17.This signal is
passed through U1300D to the reset input of U1402A,
which resets and directs the LF Generator Counter to count

down . Note that the counter always starts a cycle on the
down count unless it is coming out of the HOLDfunction .

Theoryof Operation - FG5010

When the count reaches , the pin 12 output of all three
counters causes U1230Bto clock U1402Ato the set state ,
which directs the counters to increment . The counter incre

ments to 1000, and the output decoder produces the low
level that once again reverses U1402A; this continues as
long as the counter receives events from the Variable Sym

metry Counter . The output of the stage is applied to the LF
Triangle DAC.

LF Triangle DAC

This circuit converts the digital information from the LF
Generator Counter into a dc voltage that is inversely propor
tional to the input . The circuit consists of reference amplifier
U1502A, DAC U1400, amplifier U1512, and related compo
nents .The reference voltage for the stage is set by VR1610,
R1615, and R1620which set the input voltage to unity -gain
amplifier U1502A at +9 V. The output voltage is -9 V,
which is applied to summing resistors R1600 and R1503,
Zero Set R1600 is adjusted for 1 V when the DACinput is
decimal 1000, and for minimum sine distortion when the

loop is running .

Refer to Fig . 4-13. The starting point on the actual trian

gle wave signal is always on the up -slope for either Loop 1
or Loop 2 signals . Thus , the equivalent of the positive peak
is from the LF Generator Counter , and that of the negative
peak is decimal 1000. The digital data thus imposed at the
input of the DACis subtractive , in that the larger the number
at the input , the more is subtracted from the applied refer
ence current . The resulting output is a triangle wave that
varies from - 1 V when decimal 1000 is applied to the DAC
to +1 when is applied to the DAC. The output triangle
from U1512is applied to the LF Triangle Buffer .

-IV
1000 COUNT

+1V
• COUNT

- 1V
1000 COUNT

+1V
COUNT

3467-19

ig . 4-13. Relationship of output triangle voltage to LF gener
ator count .
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LF Triangle Buffer

This stage isolates the output of the LF Triangle DAC
from the load of the driven circuits . The buffer consists of

amplifier U1502B, transistors Q1624and Q1620, plus relat
ed components . The applied signal amplitude is adjusted by
Amplitude Set control R1500for +1V output when the LF
Triangle Counter is at 0. The signal is fed into the non -invert
ing input of U1502B, which forms a unity -gain buffer with
Q1624 and Q1620. These two transistors form a current

switch for the output signal . Diodes CR1620and CR1621
provide bias during crossover of the stage . The LOW FRE
QUENCYTRIANGLEsignal is fed off the board to the Loop
1 Triangle Selector circuit for eventual use in the Sine Shap
er circuits .

19 FREQUENCYCONTROL

Introduction

The circuits depicted on Diagram 19 compare the output
signal against a crystal -controlled standard , and report the
status of that comparison to the CPU. The major ciruits
include the Latches , the 4 MHz Clock Shaper and Gate, the
Reference Counter , the Loop Frequency Sample Status cir
cuit , the Frequency Control Count Logic , the Count Gate
Control , the Loop Cycle Counter , and the Decade Divider .

The Frequency Control also functions in an auxiliary
mode , in that it is used as a timer during phase -lock oper
ations . The timer holds off any in -lock decision until the
phase-lock circuits have had time to settle on the external
signal .

The Latches , U1122and U1112, are devoted exclusively
to carrying the data from the CPU to the Loop Cycle
Counter . For more details , refer to the Digital Control de
scription just following the Block Diagram Description .

Overall operation of the Frequency Control Circuits is as
follows : The Latches set a number from the CPU into the

Loop Cycle Counter . The HF square -wave signal is the
counted event , and the Loop Cycle Counter is decremented
to zero by that signal . At the same time that the Loop Cycle
Counter starts , the 4 MHz signal is applied to the Reference
Counter . When the Loop Cycle Counter reaches zero, it
resets the Count Gate Control , which stops the 4 MHz sig
nal . The number of 4 MHz events in the Reference Counter

is sent to the CPU via the Loop Frequency Sample Status
Circuits . Knowing the number of loop cycle events that
decremented the Loop Cycle Counter to zero, and the num
ber of 4 MHz events incremented by the Reference Counter ,
the CPU can calculate the period and frequency of the
square -wave signal , and take action to correct any
inaccuracy .
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Overall operation of the Phase- lock Delay function is as
follows : The latches set a number from the CPU into the

Loop Cycle Counter , the square -wave signal from the Dec
ade Divider is the decrementing event , and the counter
decrements to zero. This action is initiated by the in - lock
signal from the Phase-lock circuits . At the end of this period ,
the CPUis informed that the delay is ended , and it may now
look at the phase -lock signal . During this operation , should
the Phase-lock circuits lose the signal lock altogether , the
operation is immediately terminated . Also during this oper
ation , the Reference Counter is disabled from counting the
4 MHz signal .

Decade Divider

This circuit consists of controllable decade counter

U1232, gates and inverters U1340C, U1210B, U1310C,
U1210D, and U1222B, plus related components . The FAST
SQWVsignal from Loop 1 is applied to pins 14 and 7 of
U1232. The control signal from latch U1510is applied
through U1212Eto U1232 to determine if the counter will
divide by one or ten . This is simply a function of the applied
frequency ; if the frequency is above 2 MHz, the signal is
divided by ten . Otherwise , the signal is passed through
undivided . The signal from output pin 11is passed through
U1340C, which inverts the signal on command from the
CPU. Inversion occurs to allow the most favorable setup
time for the Loop Cycle Counter when the signal is
unsymmetrical . From U1340C, the high -frequency signal is
applied to a gate matrix that is controlled by Latch U1422at
U1310Cpin 7 and U1210Dpin 12.This circuit determines
whether the high -frequency or the low -frequency square
wave signal is to be applied to the Loop Cycle Counter .

Loop Cycle Counter

The Loop Cycle Counter consists of four 4- bit synchro
nous , presettable up /down counters that are connected in

cascade , plus AND gate U1230A. The counters are loaded
by the latches , and controlled by the Frequency Control
Count Logic and Count Gate Control circuits . Operation of
the Loop Cycle Counter is discussed with the Frequency
Control Count Logic circuits .

4 MHz Clock Shaper and Gate

This circuit consists of NOR Gate U1222D, transistors

Q1140and Q1142, plus related components . The purpose
of the circuit is to shape , level -shift , and gate the incoming
4 MHz signal .

The crystal -controlled 4 MHz clock signal from the CPU
is applied through P1660to the base of Q1140, which with
Q1142forms a differential pair . The circuit produces a signal
that is TTL-compatible and has faster transitions . From the
collector of Q1142, the output signal is applied to U1222D,
pin 11.The other input to the gate is controlled by the Count
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Gate Control circuit , which controls the length of time that
the 4 MHz signal is permitted to pass through U1222D.
From this gate , the signal is applied to the Reference
Counter .

Reference Counter

The Reference Counter consists of counters U1320 and
U1322, connected in cascade to accommodate a total of
65,536 events before overflowing . (The normal number of
counts for a correct frequency is about 20,000 .) The counter
is reset by U1212B, the output of which is high before a loop
cycle count operation begins . The Reference Counter is also
held reset during phase-lock delay operations . The signal
that increments the Reference Counter is the gated 4 MHz
signal from U1222D. The Reference Counter output is fed in
parallel to the Loop Frequency Sample Status circuit for
transmission to the CPU.

Loop Frequency Sample Status Circuit

This circuit consists of three parallel -serial shift registers
that are cascade-connected , U1330, U1332, and U1430.
The purpose of these registers is to convey status informa
tion to the CPU, as follows : U1330 and U1332 are dedi

cated to carrying the output of the Reference Counter , save
the overflow line , pin 12 of U1322. The data carried by
U1430 is miscellaneous status information :

Pin 4- Trigger Status information from the Trigger
circuits .

Pin 5- Trigger Status information from the Trigger
circuits .

Pin 6- Frequency under range from Diagram 16.
Pin 7- Frequency over range from Diagram 16.
Pin 1- Reference Counter overflow in Frequency Control
mode .
Pin 14- Phase- Lock Detector output .
Pin 15- Loop Counter is running .
Pin 13- Loop Counter is ready to run .

When the CPU is ready to interrogate the circuit , the
STROBELOOP2 STATUS signal is asserted , then the
SHIFTCLOCKsignal shifts the 24-bit word into the CPU
circuits from the registers .

Frequency Control Count Logic

This circuit includes U1210C, U1310B, U1212B,
U1212C, U1222C, U1222A, U1210A, U1220A, and
U1220B. The last unit , U1220B, is shown separately on the
block diagram as the Count Gate Control . However, since
the circuit operates essentially in unison , it is discussed in
detail with the other logic control circuits . Loop Cycle
Counter eration is also discussed in this part of the
description .

Theory of Operation - FG5010

Operation of this circuit is in two modes , Frequency Con
trol and Phase-Lock Delay. Thus , the description discusses
each separately .

Frequency Control . In this mode , pin 5 of U1310Bis
held high to disable the Lock Detector output at U1210Cpin
9 from passing to the CPUthrough U1430, and to enable
the start pulse from the CPU through U1212Bto pass
through U1210A. At the outset , U1212Bpin 4 is high . This
clears the Reference Counter in preparation for the mea
surement . When the signal falls low , the negataive edge pro
vides the start of the operation .

Also at the beginning , latches U1122and U1112are
loaded by the CPU with the number to be decremented by
the Loop Cycle Counter . While the CPUstart signal is low at
U1212Bpin 3 , this causes U1222C pin 10 to be low ,
resetting U1220B, and loading the counters with the num
ber from the latches . The counters will not decrement until
the load input returns high .

The negative edge at U1220Asets the flip -flop , since the
J input is always high , and neither the Reference Counter
nor the Loop Cycle Counter outputs are high at the inputs of
U1222A. From pin 13 of U1220A, the CPU is informed that
the Loop Cycle is ready to run , via U1430 pin 5. From
U1220A, the high at the pin 7 input of U1220Barms the flip
flop to set on the next negative edge that arrives from the
Decade Divider circuit . When the flip -flop sets , three events
occur : Pin 9 of the flip -flop pulls high on the load inputs to
the counter , and the next positive edge of the same signal
from the Decade Divider (U1222B pin 4 ) begins the
decrementing operation . Second , the pin 8 output of
U1220Bpulls pin 12 of U1222Dlow to begin passing 4 MHz
signal to the Reference Counter . Third , the same line is con
nected to U1430 pin 15to tell the CPUthat the loop counter
is running .

When the Loop cycle Counter reaches zero, U1230Apin
6 moves high . This arms U1220B to reset , and resets
U1220Aimmediately , by way of U1222A. Since U1220Ais
now reset , U1220B can reset on the next negative edge of
the clocking signal from U1222B, which will not decrement
the counters further . The counters are loaded again , and the
circuit will wait for the next trigger from the CPU. The pin 8
output of U1220B is now high , so the 4 MHz clock signal is
blocked at U1222D. The Reference Counter now has a
number stored that is a function of the loop frequency ,
which is later interrogated by the CPU.

If the Reference Counter overflows during the measure
ment , U1322 pin 12 pulls high on pin 9 of U1222C, which
will immediately reset U1220B, bringing the measurement to
a halt . The same line to pin 1 of U1430 tells the CPU of the
overflow , so that appropriate action can be taken .
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Phase-Lock Delay Mode . In this mode , the Frequency
Control circuits are used to delay the signal from the Lock
Detctor to the CPU until the phase-lock circuits have had

time to settle down . The CPUstart signal at U1212Bpin 3 is

held low during this operation to disable the Reference
Counter . Thus , U1210Ais enabled to pass the phase-lock
control via pin 1 of the gate .

When the Lock Detector output at pin 9 of U1210Cgoes
high , the output of U1210C, pin 8 , also moves high . The

positive transition from U1210Cis passed through U1212C
and U1210A, inverted by the former , and sets U1220A. Just

previously , the CPU has loaded latches U1122and U1112

with the appropriate number , and the high at pin 8 of
U1222Creset the flip -flop and the counters were loaded .
Thus , U1230A pin 6 is low , so U1222A cannot reset
U1220A. Since U1220Ais set , the next negative edge from

INTRODUCTION

The Sine Shaper Section consists of the following major
circuits , which are depicted on Diagrams 20 through 23 :
Latches , the N Burst Circuits , the Sine Shaping Circuit , the
Sine Buffer , the Trigger Interfaces , the Square-wave Buffer ,
and the and -12V Regulators .

The following block diagram description includes all of

the elements depicted on the Sine Shaper Block Diagram .
However, since not all of the circuits so depicted are
considered to be part of the main flow of signal events ,
those circuits are discussed later in this description . Those
include the Latch Circuits and N Burst Circuits ( Diagram 20 ),
and the + and -12V Regulator Circuits (Diagram 23).

4-28

SINE SHAPERSECTION

BLOCKDIAGRAMDESCRIPTION

As noted by the title , one of the major functions of the
Sine Shaper is to form a sinusoidal signal from triangle
wave signal . The HF or LF triangle -wave signal from the
Loop 1 circuits is applied to the Sine Shaping Diodes for
conversion to sine waves, or applied directly to the Output
Amplifier circuits , depending on the function that is selected .

If sine wave is selected , the triangle -wave signal is applied
to the Sine Shaping Diodes , and the resulting sinusoidal

signal is applied to the Sine Buffer . The Sine Buffer applies
the sine -wave output signal to the Output Amplifier , if sine
wave operation has been selected , or into a 75€

termination if not .

U1222B will set U1220B. This enables the Loop Cycle
Counter to decrement to zero. When zero occurs , U1230A

enables U1220B to reset , and through U1222A resets

U1220A. At the next negative edge to pin 5 , U1220Bresets ,

stopping the counters . The low at pin 9 of U1220Bloads the

next number from the latches . The high from pin 8 of the flip

flop informs the CPU via U1430 pin 15 that the settle -down

time is over , and the Lock Detector output applied at U1430

pin 14 can now be examined .

If the Phase-Lock circuit loses lock on the signal com

pletely , or the CPU moves to terminate the operation , either

pin 9 or 10 of U1210C, respectively , will move low . This

change is coupled through and inverted to U1222Cpin 8,

which will reset U1220B and terminate the operation
immediately .

The square-wave signals from Loop 1 are applied to the

Square-wave Buffer and the Trigger Interfaces , which pro
vide the TRIGOUT and TRIG COMPLOUTsignals . Nor

mally , TRIG OUT is connected to the front - panel TRIG
OUTPUTconnector , although TRIGCOMPLOUT may be
connected instead . The Trigger Interface also applies a
square -wave signal to the N Burst Counter , which counts

the programmed number of cycles before sending the END
OF BURSTsignal to the Loop 1 Logic circuits .

Also on this board are the + and -12V regulators ,
which use the output of the + and -26 V regulators in the
Power Module to generate the two voltages .

SINE SHAPERAND BUFFER

Introduction

The Sine Shaper and Buffer circuits shape the applied
triangle into a low -distortion sine wave, which is amplified
for transmission to the Function Selector , and eventually to
the Output Amplifier .

Sine Shaper

The Sine Shaping Diodes consist of the input circuit and
four diode -bridge networks . Each of the diode -bridge net

works consists of a pair of precision resistors , one of which
returns to +12V, the other of which returns to - 12 V; and

four matched Schottky barrier diodes .
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The Sine Shaper operates as follows : The LFor HFtrian
gle from the Function Selector relay is applied to the input
network that consists of R1030, CR1031, CR1030,
CR1032, CR1033, and R1031; and the input termination
that consists of R1020, R1022 and R1021. Because of the
non -linear impedance characteristics of the diode bridges ,
the load on the Triangle Buffer will vary significantly with
output voltage . The purpose of the resistor -diode network

across the input is to reduce the input impedance fluctu
ations that might otherwise affect the triangle linearity . Input
resistors R1020 and R1021also help stabilize the input im
pedance. SINE DRIVE adjustment R1022 sets the ampli
tude of the incoming drive signal . Thermistor RT1020, in
conjunction with parallel resistor R1032, increases the drive
to the bridges to compensate for increases in operating
temperature .

If zero voltage is applied to the inputs of the diode
bridges , all bridge diodes conduct . Since the diodes are
matched , only small variations in voltage drop exist across
one diode or another in a particular bridge , and approxi
mately equal current flows through each diode in a particular
bridge . The actual current level is controlled by the resistors
to the +12and 12 V supplies .

Since the bridges are balanced when zero volt is applied ,
the output is also zero volt at that time . If the input voltage
rises positive , the output voltage will follow , due to the cur
rent -steering that occurs in each bridge . Using the bridge
composed of CR1120, CR1121, CR1122, and CR1123as

an example , applying a positive input voltage reduces the
current through CR1120, causing the voltage at the junction
of CR1120and CR1122to become more positive . At the
same time , the positive input voltage increases the current
through CR1121, causing the voltage at the junction of
CR1121and CR1123to move positive . These changes
cause more current to flow through CR1122and less
through CR1123, disturbing the balanced condition that ex
isted when no signal was applied . The excess current
through CR1122flows through R1221and R1242, provid
ing a positive input voltage to the Sine Buffer .

As current flow through the diodes becomes unbalanced ,
the voltage drops across the diodes change nonlinearly , in
accordance with diode characteristics . More positive input
causes the current through CR1120to decrease, in turn de
creasing the voltage drop , while the current through
CR1122increases , which increases the voltage drop across
that diode . The result of the two changes is that the output
of the bridge rises more slowly than the input , following a
curve determined by the source and load impedances , the
supply voltages , the initial diode current , and the diode cur
rent -voltage characteristics .

As the input voltage continues to move positive , the cur
rent through CR1120and CR1123is eventually reduced to

Theory of Operation - FG5010

zero. When this occurs , all the current from the +12V sup
ply flows through R1123, CR1122, and R1221to develop a
voltage across R1242, the input to the Sine Buffer . Beyond
this point , further increases in the Sine Shaper input voltage
have no effect on the output because CR1120and CR1123
become reverse- biased , preventing the input from affecting
the output .

Similarly , when the input voltage moves negative , current
through CR1120and CR1123increases as current through
CR1121and CR1122decreases . As the input becomes
more negative , current through CR1121and CR1122be
comes zero. After this point is reached , the input has no
effect on the output .

The breakpoint for each of the bridges (where two of the
four diodes becomes reverse-biased ) depends upon the ini
tial diode current , which is established by the resistors to
the +12and 12 V supplies . The highest -value resistors
establish the lowest currents , causing that bridge to reach
its breakpoint first . The result of the combination of four
bridges is an incremental approximation to a sine wave in
linear segments , with the transitions from one segment to
another smoothed by the nonlinear characteristics of the
diodes .

Although all sixteen diodes in the Sine Shaper are
matched , some small differences may exist that would
cause an offset in the output of the stage . Sine Input Offset
adjustment R1033 is set to compensate for such differ
ences , and to compensate for any offset that might occur
from the Triangle Buffer Circuit .

Sine Buffer

The Sine Buffer stage receives the sinewave output from
the Sine Shaper , amplifies it , and applies the signal to the
function selector . The buffer consists of transistors

Q1230A, B , C, and D , Q1320, Q1321, Q1340Aand B , plus
related components .

The sinewave from the Sine Shaper is applied to the
base of Q1230A, part of a differential pair with Q1230B.
These two transistors are part of a five -transistor package
on a single substrate ; Q1230Aand Q1230B are the most

closely matched pair of the five . Gain for the stage is set by
the Sine Amplitude adjustment , R1233. Current through
each leg of the differential pair is varied by R1239, the Sine
Offset adjustment , which compensates for any output offset
requirements . The tap between R1247and R1243is to set

the voltage to the substrate at approximately -5 V, to
avoid exceeding the maximum voltage of the Q1230
package .
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Differential pair Q1230A-Q1230B drive Q1230D and

Q1230Cin cascode , respectively . The cascode configura
tion reduces the potential for thermal mismatch between

Q1230Aand B. This effect is especially pronounced at very
low frequencies . Since the emitter of each cascode transis

tor remains at about +3.5 V, neither collector of the driving
pair remains very far apart in voltage . To further equalize
power consumption , C1222-R1226 and C1230-R1234 are

compensation networks that match the collector to emitter

impedances . The net result of the arrangement is that while
the current through one transistor increases and its voltage
decreases, the opposite is true for the other , and the power
dissipated remains relatively constant .

From the collectors of the cascode pair , the output signal
is fed to Q1340Aand B, another differential amplifier . These
two transistors are also packaged together to reduce ther
mal differences . Q1330Aand B form a current mirror , in that
the current through Q1340Ais reflected back to the collec

tor of Q1340B. By using the mirror circuit as a load , the gain
is doubled at the output of the stage . Diodes CR1321and
CR1320 provide first -order thermal compensation for the
quiescent operating point of the output stage , and VR1340

equalizes the power dissipation in Q1340Aand Q1340Bto
reduce thermal distortion .

The output stage consists of transistors Q1321 and
Q1320, plus related components . The transistors are biased
to operate class AB, in that both are conducting during
small -signal excursions , but only one or the other conducts

when large signals are amplified . The two output transistors
are mounted in a way to share a common heat conductor to
equalize the temperature of the devices . Partial compensa
tion for any differential heating of the output pair comes
from R1340, which applies negative feedback to the base of
Q1340B. Zener diodes VR1221and VR1220further reduce

power dissipation in the output pair by reducing the V to

about 4 V on each transistor . From the junction of the two
transistors , the amplified sine wave is applied to the Func
tion Selector depicted on Diagram 20. From there , the sine
wave is applied to the Multiplier circuits in the Output
Section .

CE

22

4-30

SQUAREWAVEBUFFERAND

TRIGGERINTERFACES

Introduction

The circuits depicted on Diagram 22 include the Square
wave Buffer , which receives the buffered ECLsignals from
Loop 1, and generates a +1V to € 1 V squarewave signal
for application to the Function Selectors depicted on Dia
gram 20. The Trigger Interfaces circuit receives the buffered
ECLsignals from Loop 1, and generates the TRIGGEROUT
and TRIGGERCOMPLOUTsignal . The N Burst Interface

receives the ECL signal from Loop 1 and modifies it to
produce the clock that is applied to the N Burst circuits .

Trigger Interfaces

The Trigger Interfaces consists of line receivers U1200A

and U1200C, transistors Q1201and Q1200, plus related

circuitry . The circuit isolates the squarewave signal from
Loop 1 and applies it to the Squarewave Buffer and the
TRIGGEROUTconnection .

The SELECTEDSQWVand SELECTEDSQWVsignals

are applied to pins 4 and 5 , respectively , of U1200A, and to
the base of Q1102and Q1101. Direct connection to this

stage was made to avoid the propagation delay that would
occur through the line receivers , since this circuit drives the
Burst Circuits .

N Burst Interface

Transistors Q1102, Q1101, and Q1100operate in con

junction to produce a TTL-level signal for the N Burst circuit .

As the applied SELECTEDSQWV signal at the base of
Q1101moves negative to turn the transistor on , the input to
Q1102moves positive to cut off the transistor . Current
through Q1101and R1002 produce the positive excursion
of the output . When the polarity of both drive signals re
verse, Q1101cuts off , Q1102conducts , and Q1100con

ducts to pull the output to ground . Schottky barrier diode

CR1100prevents Q1100from saturating , which would slow
the rising edge of the output signal .

Trigger Interface

The two squarewave signals (SELECTEDSQWV and

SELECTEDSQWV) are also connected to line receiver
U1200A, which isolates the Loop 1 Selected Squares ECL
Driver from the other loads . From U1200A, the signals are
applied to line receivers U1200B (which drives the Square
wave Buffer ) and U1200C (which drives the Trigger Inter
faces circuits ) .

Line receiver U1200C applies the buffered squarewave
signals and its complement to Q1200and Q1201. This am

plifier is driven on each side from cutoff to saturation . Resis
tor R1202 reduces circuit gain during the switching time ,
when both transistors are conducting . From the collector of
Q1200, the squarewave signal is applied to J1200, the
TRIGGERCOMPLOUTjack . From the collector of Q1201,
the signal is connected to J1201. Both outputs are terminat
ed into a 50 2 load . Connector P1201can be connected to

either J1200or J1201to provide a complemented or normal
signal output . The signal that passes through P1015-J1015,
complemented or normal , is eventually fed out the TRIG

OUTPUTjack on the front panel .
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Square-Wave Buffer

The Square-wave Buffer produces the actual square
wave that is selected for use at the FG 5010 output . The
circuit consists of line receiver U1200B; amplifiers U1310A
and U1310B; transistors Q1216, Q1211, Q1212, Q1215,
Q1210, Q1213, Q1214, and Q1110; plus related circuits .
The circuit consists of positive and negative current
sources , a driver , and a current switch .

Amplifier U1310B, transistor Q1216, and related compo
nents form the positive current source for the buffer . The
reference for the circuit is R1322 and VR1310, which sets
the voltage at the bottom of R1420 to +5.8 V.The divider
that consists of R1314, R1313, and adjustment R1318sets
the current level for the negative current source . Likewise,
the divider consisting of R1421, R1420, and adjustment
R1422sets the output level for the positive current source.
The voltage at the noninverting input of U1310B, pin 5 , con
trols the voltage drop across R1312and thus the current
through Q1216. This current is supplied to differential pair
Q1212and Q1215, part of the output stage of the buffer .

Similarly , the voltage from the wiper arm of R1318sets
the current through the negative current source , which con
sists of amplifier U1310A, transistor Q1110, and surround
ing components . The voltage at the inverting input sets the
voltage across R1115, and therefore the current through
Q1110. The collector of Q1110connects to differential pair
Q1210-Q1213, which switches the current at the output .

Theory of Operation - FG5010

The SELECTEDSQWVsignal comes through line receiv
er U1200Bto the base of Q1212and through R1211to the
emitter of Q1211. The input impedance is set by R1216,
R1310, and R1211, which provide a 50 ƒ equivalent imped
ance to U1200B. The square wave at the input of Q1212
and Q1211cause Q1212and Q1210to operate in comple
ment to one another .

Likewise , the pin 7 output of U1200B, terminated by
R1217, R1311, and R1212, drives Q1215and Q1214. Thus,
when Q1212and Q1213are off , Q1210and Q1215are on,

and vice versa . Resistor R1211sets the gain of Q1211into
the load consisting of R1110and R1111. Resistor R1112
injects an additional ( constant ) current that sets the dc level
at the base of Q1210. The operating conditions of Q1210
are set to be approximately equal to those of Q1212, al
though the voltages are of opposite sign . The voltage
swings at the base of each transistor are of similar magni
tude and in the same direction . Thus , when Q1212is cut off
by a more positive input , Q1210is turned on . The output
impedance of Q1211is very high , in contrast to the low
impedance presented to the base of Q1212. This would
cause very slow transitions at the base of Q1210. To avoid
this effect , C1211bypasses Q1211to provide low -imped
ance drive to Q1210at high frequencies . The output current
at the collector of Q1215and Q1213is fed to the function

selector switch , depicted on Diagram 20 .
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OUTPUTSECTION

INTRODUCTION

The Output Section is depicted on Diagrams 24, 25 , 26 ,
and 27. The major circuits depicted are the Digital Control
circuits , the Level Control , the AM Circuit , the Output
Amplifier , the Step Attenuator , the Offset Generator , and
the Power Supplies . The Output Section amplifies ,
modulates , offsets , and attenuates the signal from the Sine
Shaper circuits . The Output Section also furnishes the
voltages necessary to operate the Offset Generator.

Since the Digital Control circuits are depicted on several
diagrams , the circuits are discussed here as one unit , rather
than being discussed with the various other circuits . Refer
to the Digital Control Circuit discussion following the Block
Diagram Description . In addition , although the Power
Supplies depicted on Diagram 27 are physically a part of the
Output Amplifier circuit board assembly , the description of
the supplies is grouped with the other power supply
descriptions , just following the Trigger , Phase Lock, and N
Burst Circuits discussion later in this section .

BLOCKDIAGRAMDESCRIPTION

Refer to the Output Amplifier Block Diagram just
preceding Diagram 24. From the Function Selector in the
Sine Shaper Section , the sine , square , or triangle -wave
signal is applied to the Level Control Circuit . Gain of the
circuit is controlled by the CPUto conform to front - panel or
remote requirements . This section of the circuitry and the
Step Attenuation circuits are the amplitude -setting elements
of the FG5010. The AM input signal from the front -panel
connector is applied to the AM circuit , which buffers the AM
signal , and sums it with the fine amplitude control voltage
that sets the gain of the Level Control circuit . If no AM signal
is applied , only the Fine Amplitude Control voltage is applied
to the Level Control . The Level Control also complements
the signal upon CPU command .

From the Level Control , the amplitude -controlled signal is
fed to the amplifier , which is a current -driven amplifier that
has a gain of approximately 3.3 V per milliampere . The +
and 16V supplies furnish the power to drive this circuit .
The output of the amplifier is connected to a three -segment
step attenuator , again controllable by the CPU. The circuit
provides attenuation to the applied signal in 10 dB steps to
a maximum of 50 dB . The output of the Attenuator is
applied with the offset voltage to the Output Switch .

The Offset Generator produces the offset current of
either polarity that is applied with the output signal to the
Output Switch . Both polarity and amplitude of the offset is
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controlled by the CPUthrough the latch . The Output Switch ,
upon CPU command , connects or disconnects the signal
and offset from the Output connector .

DIGITALCONTROL

The Digital Control Circuits receive the data from the
CPU, store it , and upon command , apply the data to the
controlled circuits . The circuit consists of five latches , which

are connected to form 40-bit serial -parallel shift register .
These are as follows : Latch U1642controls eight of the ten

increments of DAC U1751on Diagram 26. Latch U1542
controls the remaining two increments to U1751, the offset
current polarity selection , and five of the relay drivers on
Diagram 25. Latch U1551( Diagram 25) uses only three of
the eight possible output lines . Two of these control the

output disconnect relay ; the third controls the Amplitude
Modulation function . Latch U1451 ( Diagram 25) controls
part of the Step Attenuator on Diagram 25 , two increments
of the DAC on Diagram 24 , and the Complement Relay
Drivers on Diagram 24. Latch U1341( Diagram 24) controls
the Multiplier DAC.

In operation , the CPU presents serial data at input pin 2
of U1642(Diagram 26 ) , furnishing the SHIFTCLOCKsignal
to the clock input of all five latches simultaneously .
Following a serial shifting of the forty bits through the
register , loading stops . The CPU then transfers the data

from the register to the output lines by pulling the STROBE

A signal high , then low . This signal is applied to the latches
in parallel , so the transfer of data to the output lines is
simultaneous .

€ MULTIPLIER

Introduction

The Multiplier consists of two major circuits , the Level
Control and the AM Circuit . The Level Control receives the

selected function from the Sine Shaper circuits , amplifies it
to the desired value , and passes it on to the Output Amplifi
er. The Level Control performs the fine adjustments to the
output signal amplitude . The AM Circuit receives the modu

lation signal from the front -panel connector , processes it ,
then sums it with the Fine Amplitude Control Voltage .

Level Control

The Level Control consists of the following major circuits :
Input Differential Amplifier , Multiplier , Multiplier Current
Source, DAC, and Output Driver .
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Input Differential Amplifier . This circuit consists of am
plifier U1041B, transistors Q1131, Q1132, Q1121Aand
Q1121Bplus related components . The combination of
VR1041and R1046 set the operating point for this circuit .
The approximately 7 V at the non - inverting input of U1041B
sets the current through both Q1131and Q1132. The first
transistor furnishes the standing current for the amplifier ,
and the second , Q1132, provides the current for the Multipli
er stage .

Current through Q1131is split at R1121, which sets the
amount of offset to compensate for any input offset . The
incoming signal is applied at the base of Q1121A, and is
taken off the collector of each transistor for application to
the input of the Multiplier , pins 11and 12.

Multiplier . This circuit is a monolithic device , U1111, that
controls the Output Drivers , Q1107and Q1106. Current for
the Multiplier is furnished by the Multiplier Current Source,
at pins 2 and 3. Incremental control and amplitude modula
tion of the multiplier output is furnished by amplifier
U1141B, which also causes the output to be complemented
upon CPU command . The output of U1252 is fed through
R1341and R1147to the inverting input of U1141B. The
output of U1252also passes through R1340to the Comple
menting Relay. The signal either passes through the relay
contacts , R1245, and R1146to the non -inverting input of
U1141B, or that signal path is disconnected and R1245is
connected through R1135to ground . The net effect is to
reverse the polarity of the signal out of the Multiplier . The
output of the Multiplier is taken off pins 5 and 6 and applied
to the emitter of Q1107, the Output Driver . Potentiometer
R1122sets the Multiplier gain .

DAC. This circuit consists of Digital -to -Analog Converter
U1351and amplifier U1252. The AM signal and reference
voltage are applied to the input pin of U1351. Data from
latches U1341and U1451control the gain of the stage by
selecting the appropriate internal resistance . If AM is select

ed, the gain is halved by the CPUto accommodate the addi
tional current . When the AM is shut off , the output of U1252
sets the gain of the Multiplier .

Multiplier Current Sources . Amplifier U1141Aand tran
sistor Q1134form a current source that supplies current to
the Multiplier stage . The reference for the stage comes from
the divider string , R1148, R1143, R1045, R1142, in con
junction with VR1141. This string sets the output of
U1141A, and thus the conduction of Q1134.

Output Driver . This circuit consists of amplifier U1041A;
transistors Q1133, Q1107, and Q1106; plus related compo
nents . Current for the output is provided by U1041Aand
Q1133.

@)
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As mentioned earlier , R1148, R1143, R1045, R1142, and
VR1141form a divider string that sets the noninverting in
put of U1041Aat approximately -9 V. This sets the con
duction of Q1133. Potentiometer R1145sets the gain of the
stage to allow for any offset difference between the output
drivers and the next stage .

The Output Driver transistors , Q1107and Q1106, form a
single -ended common -base current -drive stage . The Multi
plier drives the emitter of each transistor , and the output is
taken off the collector of Q1107.

AM Circuits

The AM Circuits consist of Buffer U1441, transistor
Q1042, field -effect transistors Q1041and Q1151, amplifiers
U1251Aand U1251B, plus related components .

The AM signal from the front -panel connector comes
through R1051 to the source of Q1151. Zener diodes
VR1042and VR1052limit the input signal excursion to 8 V
peak to peak to protect Q1151. A switch is formed by
Q1151and Q1041to enable or disable the AM signal . The
Q8 bit from U1551( Diagram 25) is applied to Buffer U1441,
which in turn controls Q1042. Zener diode VR1051shifts

the signal level to fit Q1042. Depending on the conduction
state of Q1042, Q1151conducts , passing the AM signal , or
is shut off and Q1041conducts the input of U1251Ato
ground .

The AM signal that passes through Q1151is applied to
amplifier U1251A, which amplifies the signal by about 2 .
From the output of U1251A, the signal is summed with the
reference voltage set by R1251, VR1341, R1156, and
R1155. The combined signal is fed from the output of
U1251Bto the input of the DAC.

OUTPUTAMPLIFIERAND

ATTENUATION

Introduction

The major circuits depicted on Diagram 25 are the Out
put Amplifier , Step Attenuator , and Latches . The latches are
discussed at the first of the Output Section discussion . The
signal from the Multiplier stages is applied to the Output
Amplifier . Following amplification , the signal passes through
the Step Attenuator to the output connector .

Output Amplifier

This circuit is a current -driven operational amplifier that
has a gain of approximately 3.3 V per milliampere . The am
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plifier receives the current drive from the Multiplier circuits

on Diagram 24 , and sends the amplified signal to the Step
Attenuator Circuit . The amplifier is of complementary archi
tecture , so only the upper half is discussed here , since the

lower half operates in the same way.

The signal current from Q1107in the Multiplier is fed
through R1311to the base of Q1213, an emitter follower

stage that shifts the input level . At the input of Q1213,
C1321, R1322, and R1321form a damping network ; tran

sient response of the circuit is set by adjusting R1321.

From the emitter of Q1213, the signal is applied to
Q1211, which is a gain stage that steers current into the

output . The signal is fed through Q1211to the emitter of
Q1212. The base voltage of Q1212is set by Q1221, R1223,
and CR1212. This forms a current source through Q1212,
CR1311, R1312, and the lower half circuits that in turn cre

ate the bias for the output stages , Q1312and Q1311. De

pending on the applied signal , Q1211steers the current

coming through R1222to ground or through Q1212. Output
transistors Q1312and Q1311work in parallel to drive the

output back termination network , which provides a 50 € re

verse termination for the generator . Potentiometer R1521
sets the resistance for precisely 50 22 , including the amplifier
resistance . Capacitor C1421and potentiometer R1422 set
the reactive part of the impedance to allow the generator to
drive an open circuit at the end of a coaxial cable with rea
sonably good transient response . Feedback for the amplifier
is provided by R1313, ensuring a virtual ground at that
node. The signal from the output termination is fed to the
Step Attenuator for output attenuation .

Step Attenuator

This circuit consists of three thick -film hybrid attenuators ,
six magnetic latch relays , and eight relay driver stages . Two
of the attenuators , AT1531 and AT1432, each provide
20 dB attenuation . The third , AT1332, provides 10 dB of at
tenuation . The circuit thus provides from to 50 dB of
coarse attenuation in 10 dB steps . Each side of AT1531is

switchable , so the output amplifier can be completely dis
connected from the attenuator string . This permits a good
back termination with approximately V amplitude , while
keeping the Offset Generator connected to the instrument
output .

The network formed by R1236, L1231and R1235 cou
ples the offset voltage from the Offset Generator (Diagram
26) to the output while maintaining the desirable output im
pedance , 50 2. This permits the offset to be at full value

even when the attenuator is set for minimum signal .
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Output Switch

This circuit permits the CPUto have control over whether

the output signal is connected to the output connector . The
circuit consists of latch U1651, inverter -buffers U1541E, F,

and G, plus relay K1331.

The RESETsignal from the Display Driver circuits enters
the Output Board at P1310-8A, is inverted through U1541G,

then applied to pin 10, the Reset input to latch U1651. Thus,

during power up or following a power interruption , the

RESETsignal holds K1331de-energized and the output is
disconnected until the CPU directs otherwise . The relay is

closed by loading a zero at the Q1 output of U1551, which

permits the CPU direct control by way of inverter U1541E.

The CPU must first set U1651by loading a one at the Q5
output of U1551. This clocks U1651, which allows the signal

from U1541Fto close the relay , connecting the output
signal .

OFFSETGENERATOR

Introduction

The Offset Generator receives the digital offset instruc
tions from the CPU into the two latches , which store the

data . The circuits then respond by producing the offset cur
rent required , and applying it to the output network depicted

on Diagram 25.

The Offset Generator consists of the latches , which are

described in the introductory material at the beginning of the
Output Section description ; the DAC, which produces the
amount of current that is proportional to the applied data ;
the Offset Current Source , which supplies the current to

both of the offset generators ; the Positive Offset Generator,

which produces the positive offset current , and the Negative

Offset Generator , which produces the Negative Offset
Current .

DAC

The DAC consists of DAC U1641, amplifier U1751,
Zener diode VR1751, and related components . Feedback

resistance for U1751is provided via pin 16 of U1641to the
internal feedback resistor . Potentiometer R1743 nulls any
offset difference between this and the next stage . Resistor
R1637and Zener diode VR1751provide a 5 V reference for
the DAC. The analog voltage from U1751is applied through
R1633to U1631, part of the Offset Current Source.
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Offset Current Generator

This circuit consists of amplifier U1631; field -effect tran
sistors Q1522 and Q1532; transistors Q1521, Q1611,
Q1531, and Q1621; plus related components . Voltage from
the DAC is applied to the inverting input of U1631, which
has a voltage gain of one.

Q1522 and Q1532 are part of a double -ended current
path that begins at the 26 V supply , through L1721,
R1621, R1602, CR1512, etc. , through to the +26 V supply .
By controlling the voltage on the gate of Q1522, the current

through the series string is similarly controlled . Potentiom
eter R1601sets the gain for the positive offset generator ;
R1602sets the gain for the negative offset generator .

Since both offset generators cannot be on at once, tran
sistor current switches Q1521-Q1611and Q1531-Q1621di

vert current away from one or the other generator to
prevent simultaneous operation . If positive offset is select
ed, a is selected at U1521pin 7 , and 1 at pin 6. This cuts
off Q1521 and Q1611, which permits current to flow

INTRODUCTION

These three diagrams depict functions that are ancillary

to the signal -generating loop of the FG 5010. Block -level
discussions of these circuits are found elsewhere in the

description , as follows :

Trigger Circuits :

Phase Lock Circuits :

N Burst Circuits :

Refer to the Loop 2 Block

Diagram Description .

Refer to the Loop 2 Block

Diagram Description .

Refer to the Sine Shaper Block

Diagram Description .

15 TRIGGERSECTION

Theoryof Operation - FG5010

TRIGGER, PHASELOCK, AND N BURSTCIRCUITS

Introduction

The Trigger Section receives the signal from the front
panel TRIG/ GATEIN connector , processes it , and sends the

processed signal to the Loop 1 circuits , and elsewhere in the

Loop 2 circuits . The section also conveys triggering status

through the upper half of the offset string . The 1 at U1542
pin 6 causes Q1531and Q1621to conduct , diverting the
current away from the lower part of the string . Thus , the
Positive generator furnishes offset current in this example ,
and the Negative Generator does not .

Positive Offset Generator

This circuit consists of amplifier U1611, transistor

Q1601, and related components . This circuit operates much
like a conventional current regulation circuit . As mentioned
earlier , R1601sets the gain . As current through R1601is
changed by changing the offset requirements , U1611and

U1601 respond by increasing or decreasing the current
through the output network .

Negative Offset Generator

This circuit consists of amplifier U1621, transistor
Q1501, and related components . Other than the polarity of
the output current , the circuit is the same as the Positive

Offset generator . Refer to that description for more details .

to the CPU, and selects the trigger slope . The section con
sists of the Trig - Gate Input Amplifier , the Trig -Gate Slope
Selector, and the Trigger Status Sensor.

Trig -Gate Input Amplifier

This circuit consists of matched field -effect transistors

Q1020 and Q1022; transistors Q1032, Q1030, Q1036,
Q1034; buffers U1212Aand U1212F; plus related circuitry .
The trigger or gate signal is applied through front - panel con
nector J1650to the input compensation network , which is
1 MS impedance or 50 • impedance , depending on the con
nection of P1030. From the network , the signal is fed to the
gate of FETQ1020, which with Q1022 form a high -imped
ance unity -gain buffer . Diodes CR1021and CR1020protect

the input from large voltage transients . Zener diodes
VR1024and VR1023reduce the power dissipation across
Q1020 and Q1022. The signal is taken from the source of
Q1020 and applied to the base of Q1032, part of the input
differential pair of a Schmitt trigger circuit . Transistors
Q1032and Q1030form a differential pair that switches the
current from R1031. This differential pair drives a second
pair , Q1034and Q1036. Through R1029, positive feedback
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is applied from Q1034to the base of Q1030to ensure fast

and positive switching of the circuit . The switching point of
the Schmitt trigger is fixed at the base of Q1030 by jumper
P1032. Depending on the position of the jumper , the switch
ing point is V or +0.5 V.

The output of the Schmitt trigger is a squarewave signal .
The signal is applied to buffer - inverts U1212Aand U1212F
for application to the slope selection circuit . Also from the

output of U1212F, the signal passes through R1244 to
U1730, pin 9 (Diagram 16) in the Phase- Frequency Detector
circuits .

Trig-Gate Slope Selection

The circuit consists of three exclusive -OR gates ,
U1340A, U1340B, and U1340C, and pull -up resistor R1341.
The square wave from the Trigger- Gate Input Amplifier is
applied to one input , pin 13 of U1340C. The other input , pin
12, is controlled by latch U1422, depicted on Diagram 17.

When the CPU requires a plus slope , the control line is
low , and the Schmitt Trigger output passes unchanged
through U1340C. For negative slope , the control line is high ,
and U1340C inverts the signal . The output signal from
U1340Cis coupled to pin 5 of U1340B, a buffer that is con
nected with U1340Ato provide triggering and gating from
the CPU.

Trigger Status Sensor

The Trigger Status Sensor senses the status of the in
coming trigger and sends the status information to the CPU.
The circuit consists of one-shots U1630, U1440A, and
U1440B, and related circuitry .

The slope-selected trigger signal is applied to pin 5 of
U1340B, which passes the signal through R1240to be ap
plied to the Loop 1 circuits via the Interconnect board . At
the output of U1340B, the trigger signal is joined by the €P
TRIG/ GATE, inverted by U1340Aand applied to the wired
ORconnector of the two gate outputs .

Through U1340A, the CPU can supply triggers to Loop
1, and by the same means , so can an external controller .

The trigger from U1340C also drives one-shots U1630
and U1440A. The first , U1630, is a pulse -stretcher that en
sures that all incoming triggers can be noted by the CPU.
The output pulse is applied to U1430 ( Diagram 19) , which
shifts it out to the CPU. Any negative pulse that is less than
1/7 second in length is stretched to that length . Diode OR
gate passes any longer pulse length . A negative edge ap
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plied to pin 5 of U1630 causes pin 7 and the junction of
CR1541and CR1540to move low and stay low for 1/7

second . If the applied signal is of longer duration , CR1540

holds the junction low even after the one-shot resets .

The trigger is also applied to U1440A, which with

U1440Bforms a frequency-sensitive pulse circuit . If triggers
occur that are faster than 3 Hz, the CPU is informed of

such , and will flash the front - panel TRIG'Dlamp at a fixed

rate . If the pulse is slower than 3 Hz, the CPUwill flash the

lamp at the incoming pulse rate , as sensed by U1630.

A negative transition at input pin 5 of U1440Asets the

one shot , and its output , pin 6 , stays high for 1/3 second .
The positive transition at U1440B sets that one-shot , and
its output moves low for 1/2 second . Diodes CR1440and

CR1441form an AND gate . The output of the AND gate
stays high if triggers arrive at a rate of more than 3 Hz,
because the output of U1440Adoes not go low to trigger
U1440B. At rates lower than 3 Hz, the output is a short
positive pulse that occurs for each incoming trigger . The
output level or pulse , whichever the case, is sent to U1430
for use by the CPU.

16 LOCKCIRCUIT

Introduction

Theo Lock Circuit permits the FG 5010 to lock the inter
nally-produced signal on an externally -applied signal . The
actual loop consists of more than just the circuits on this
diagram , as shown in Fig . 4-14.

The major components of the Phase-lock system include
the Phase Detector Logic , Charge Pump , Lock Loop Fil
ter , Over and Under Range Detector , and Lock Detector , all
depicted on Diagram 16, plus the Main Loop, Timer , and
CPU. The trigger is applied to the Phase Detector Logic .
This circuit produces voltage pulses that drive the Charge
Pump , which furnishes current to the Lock Loop Filter .
The DIFFERENCEVOLTAGEis summed at the loop filter
input to permit the CPU, through Loop 1, to determine the
phase difference at which phase - lock is to occur . The cur
rent applied to the filter is integrated to produce a ramp of
varying rate and direction , depending on which of the com
pared signals leads , and by what amount of lead . The out
put is the LOCKFREQUENCYCONTROLVOLTAGE,
which is applied to the Frequency Reference Circuits of
Loop 1 to alter the frequency of the Main Loop.

The Over and Under Range Detector determines if the
frequency range of the Main Loop is appropriate , and in
forms the CPU if it is too high or too low . The CPUresponds
by changing the Main Loop and the Lock Loop Filter ca
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pacitors to the next range up or down , as appropriate . The
Lock Detector output is a status voltage that is first delayed
by the Frequency Control circuit , operating in the Timer
mode . This allows the lock loop time to settle down after
lock occurs , so the CPU does not indicate that a lock has

occurred prematurely .

Phase Detector Logic

The Phase Detector Logic circuit compares the phase
and frequency of the incoming SELECTEDSQWVsignal
from Loop 1 with that of the incoming trigger signal from the
Trigger-Gate Input Amplifier . The output is a bipolar ECL
voltage level or pulse to the Charge Pump circuit and the
Lock Detector . The Phase Detector Logic consists of invert
er U1310F, latches U1730A, U1730B, U1732A, and

U1732B; OR-NOR gates U1720A, U1720B, and U1720C;
and related components . The inner latches of the four pro
vide phase comparison , and the outer pair of the four .
(U1730Aand U1732B) do not become active until the fre
quency ratio is 2 :1 or more in either direction .

MAIN
LOOP

Fig . 4-14. Phase Lock Loop block diagram .

CPU
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Refer to Fig. 4-15, which depicts some of the output
waveforms in the phase comparison mode . For this discus
sion , asuume that the two signals are equal in phase and
frequency , as depicted in the figure . Also assume that all
four latches have just been reset . As the first positive transi
tion occurs (since the signals will never be precisely in
phase , assume that the trigger leads slightly ) , U1730Bsets .
Neither U1732Anor U1732Bwill set , since the input signal
has not yet arrived , and U1730Acannot set , since a low
level is at pin 7 when the trigger arrives . The high at pin 5 of
U1720Aenables that gate to begin driving the Charge Pump
to increase the Main Loop frequency , and the low from pin
14 of the latch permits U1730B to control the output of
U1720B, which is still low . ( The high from U1730Bpin 15 is
also applied to the D input of U1730Ato arm that latch for
the next incoming trigger cycle .) Before the circuits can real
ly begin the charge pump action , the positive edge of the
internal square -wave signal occurs , setting U1732A. The
other half , U1732B, cannot set because pin 10 is low when
the clock occurs . The set condition of U1732Acauses pin 2
to go high , and pin 3 to go low . This low is applied to
U1720Bpin 10, which resets both latches and terminates
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the charge pump drive signal . The result is an output pulse

that is very little wider than the propagation time of U1720B
and the time difference between the two , thus containing

just enough energy to affect the Charge Pump output , and

slightly shift the frequency . As illustrated in Fig . 4-15, the

resultant output of the circuit is a series of very narrow
pulses that first drive the Main Loop slightly up in frequency ,

then slightly down , averaging to the frequency of the applied

trigger signal .

Refer to Fig . 4-16, which illustrates the case that occurs

when the trigger signal leads the Main Loop signal by a half

cycle, so the phase is different , and the frequency is also

somewhat different . The first positive edge from the trigger
sets U1730B, which arms U1730A, begins the pump -up sig

nal to the Charge Pump , and enables U1720B. Before the

next positive edge of the trigger occurs , the square wave at
pin 9 of U1732Asets the latch and resets both U1730Band

U1732Athrough the output of U1720B. This terminates the

charge pump signal . TheLock Loop Filter can respond to

a pulse of this width , so the Main Loop frequency is altered

upward slightly . The next trigger positive edge again sets

U1730B, and the process is repeated . Note , though , that
the pulsewidth of the second charge signal is narrower , and
continues to decrease with succeeding cycles . Finally , the

Phase-lock Loop adjusts the Main Loop frequency to the
point that the SELECTEDSQWVpositive edge leads the

trigger positive , indicating that the correction process has
overshot the center mark . Then, the process is reversed ,
until the circuit rocks back and forth over the in - phase mark ,

as just explained .
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Refer to Fig . 4-17, which illustrates the case that occurs

when the trigger signal is more than twice the frequency of

the squarewave signal . In theory , the inner latches (phase

detector ) could cope with this magnitude of disparity in fre

quency , but the process would be slow , and would tempo

rarily reverse when phase crossings occurred , such as when

the frequency of one signal was twice or three times the

other .

The first positive edge of the trigger signal sets U1730B,

which arms U1730A to set at the next transition if the

squarewave signal does not arrive first . This does not occur ,

since the trigger signal is more than three times faster than

the square wave, in this case . The second positive edge, at

t1, sets U1730A; the positive level at U1720Apin 4 has no

effect on the gate for now , since the other input is already

high from the set state of U1730B. At t2 , the square -wave
signal sets U1732A, which resets both of the inner latches .

This has no effect on the output of U1720A, which is still

held by input pin 4. At t3 , inner latch U1730Bis once again

set , and in the absence of the high at pin 7, U1730Ais reset .

Again , this has no effect on the output of U1720A, since pin

5 rises just as pin 4 falls . At t4 , U1730Asets , having been

enabled to do so by the high from U1730B. Both latches

ignore the positive edge that occurs at t5 , since both are

set . At t6 , the positive edge of the square -wave signal sets
U1732A, which resets both inner latches again .

As the output of U1720Acontinues to stay high , the

Phase- lock Loop continues to increase the frequency of the

1
1

1

Fig. 4-15. Phase Detector Logic signals at phase lock .
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Main Loop. Finally , at t8 , the signals coincide , and at t9 , the
very short pulses that mark phase tracking begin to appear ,
and the inner latches assume the detection function .

T

The output signal from U1720Ais a bipolar drive signal
that drives one half of the Charge Pump . The output of
U1720Cis a similar signal that drives the other half of the
Charge Pump . From pin 3 of U1730Aand pin 14of U1732B,
two signals are applied from the Phase Detector Logic to
the Lock Detector circuit . As long as the inner latches con
trol the phase -lock process , both of these output lines stay
high , and the CPU is informed that the signals are locked . If
either of the outer latches sets , that output line goes low to
warn the CPU that the signals are no longer locked
together .

[]

Fig . 4-16. Phase Detector Logic signals while locking on .
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Fig . 4-17. Phase Detector Logic signals when trigger is more than twice square - wave frequency.
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In the absence of a trigger , U1310Fholds U1730Areset
to force the Main Loop frequency down , to prevent phase
detector lock up .

Lock Detector

This circuit operates off the drive from the frequency de
tector portion of the Phase Detector Logic circuits . The cir
cuit is a positive AND-gate that is formed by Q1840, Q1842,
and Q1834. When both inputs of the gate are high , neither
Q1842 nor Q1840 conduct . All of the current through
R1836, therefore , passes through Q1834 and R1835, and
the output is high , indicating that the trigger and square
wave signals are locked . If Q1842 or Q1840 conduct , the
current through R1836 is diverted from Q1834 and the out

put goes low . The output from this stage is fed to the Fre
quency Control Logic gates , depicted on Diagram 19.
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Charge Pump

Charge Pump is a term that applies to a bipolar differen

tial current swich . With each applied pulse of voltage at one
set of inputs , the switch will produce a current pulse of a

fixed level . Likewise , a pulse applied to the other set of in

puts will produce a like current . These pulses of current are

applied to the input summing node of the Lock Loop Filter ,

along with the DIFFERENCEVOLTAGEsignal from the
Loop 1 circuits .

The Charge Pump is a tri -state device . Refer to Fig . 4-18,

which is a simplified diagram of the Charge Pump circuit .

When either input of U1720Ais high , it indicates that the

Input Trigger signal is leading the SELECTEDSQWVsignal

or that the trigger frequency exceeds the Main Loop fre

quency. At the same time , the inputs to U1720Cmust be

low , so in this case both of the current paths feed current to

the tie point of Q1822 and R1830. This raises the voltage at
the input of the filter to about +1.6V. When none of the

gate inputs are high , Q1830 conducts and Q1822is cut off ,

and only half of the current is fed to the node . When either
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FROM PHASE
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LOGIC,
TRIGGER

SIDE U1720A

+12V

Q1820

STATES:
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SQWV LEADS TRICCER: -0.6V

Q1720

5mA

Q1822

Q1830

2000

THEVENIN
EQUIVALENT

OF R1826
AND R1825

+

input of U1720Cis high , it indicates that the SELECTED

SQWVsignal is leading the Input Trigger signal or the loop

frequency exceeds the trigger frequency ; both Q1822 and

Q1830are cut off , and the voltage at the node is at approxi

mately 0.6 V.

-0.6V

Each of the levels cause the driven circuit , the Lock

Loop Filter , to act in a different way. That is , if the trigger

leads the square wave, the voltage at the node is highest ,

and the filter capacitor develops a negative ramp ; if neither

signal leads the other , the middle voltage is at the node , and

the capacitor maintains equilibrium ; if square wave leads

trigger , the voltage at the node is lowest , and the ramp is

positive . It follows that a positive ramp decreases the

squarewave signal frequency , and a negative ramp causes
the opposite .

+12V

> Lock Loop Filter

This circuit consists of two programmable integrators .

From the current pulses applied , the circuit produces a volt

Q1722

5mA

Q1832

M

0,5mA OR 1€mA
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U1720C

Imm

Fig. 4-18. Simplified diagram of Charge Pump.
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age ramp of varying rate and polarity , called LOCKFRE
QUENCYCONTROLVOLTAGE. This signal is applied to
the Loop 1 Reference Frequency circuits .

The first of the two integrators consists of amplifier
U1820D, multiplexer U1710B, transistors Q1626 and
Q1622, and related components . Using the capacitor that
connects to each of the four multiplexed inputs of U1710B,
the integrator produces ramps of four different rates , de
pending on the frequency range of the Main Loop. The di
rection of the ramp is dependent on the direction of the
current at the input node of the integrator , which is deter
mined by the Charge Pump . The DIFFERENCEVOLTAGE•
from the > Lock Phase Voltage Generator depicted on Dia
gram 14 is applied through R1701and R1815to offset the
output voltage of the integrator ; this offset controls the
phase difference between the loop signal and the trigger
signal .

Data from the CPU to control the multiplexer is applied
through Q1626and Q1622, which operate the control inputs
of the device . These two inputs select the capacitor that is
in the circuit for each frequency range . The two lines also
control the selection of capacitors in the second integrator .
Capcitor selection is listed in Table 4-2 .

Table 4-2

‚ LOCKLOOPFILTERCAPACITORSELECTION

Input
Code

A B
Freq

Range

200 Hz or less
1 200 Hz to 2 kHz

12kHz to 200 kHz
1 1 | 200 kHz to 20 MHz

U1710B

Capacitor

C1800

C1810

C1814

C1812

U1710A

Capacitor

C1704

C1700

C1702

none

The output of U1820D is applied through R1816to the
summing node of the second integrator , consisting of ampli
fier U1820C, multiplexer U1710A, and related components .
This integrator is used to filter out harmonic distortion that
arises from the Charge Pump action . For example , at
extremes of phase , the charge pump pulses are of long du
ration , and can thus modulate the LOCKFREQUENCY
CONTROLVOLTAGEoutput , and eventually modulate the
actual Main Loop signal , causing non -linear triangles . The
second filter attenuates these harmonics .

At dc , the gain of the second integrator is unity , and none
of the capacitors is effective in the circuit . As the frequency
increases , the gain rolls off , owing to the decreasing capaci
tive reactance in shunt with the feedback resistor , R1818.
With each change of range in the Main Loop operating fre
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quency and in the first integrator's ramp rate , the capaci
tance across U1820C is reduced in value to extend the roll
off and to avoid excessively altering the fundamental ramp
frequency . At the highest range , note that no capacitor is
connected across the second filter ; the gain -bandwidth
product of the amplifier is such that no integrating capacitor
is required across U1820C in this operating frequency
range . From the output of the second filter , a distortion -free
voltage is applied to the Loop 1 Reference Frequency Cir
cuits , and to the Over and Under Detector .

Over and Under Detector

This circuit monitors the LOCKFREQUENCYCON
TROLVOLTAGEfrom the ‚ Lock Loop Filter . The purpose
of the circuit is to warn the CPUif the output of the filter has

gone above or below permissible extremes of voltage . The
CPUresponds by switching the Main Loop and the filter to a

higher or lower range , as appropriate . The circuit consists of
comparators U1820B and U1820A, plus related
components .

Resistors R1716, R1718, and R1714form a resistive di

vider from ground to +12V. The voltage at the top of
R1716is +0.55 V, and that at the top of R1718is +9.15V.
The result of the divider is that a voltage passband of ap
proximately 8.6 V lies between the switching points of
U1820A, the underrange comparator , and U1820B, the
overrange comparator.As long as the LOCKFREQUEN
CY CONTROLVOLTAGEsignal is between the two
voltages , neither of the comparator outputs will move high .
If the signal applied crosses above or below the passband ,
the appropriate output moves high to warn the CPUthat the
loop is out of its operating range.

20 N BURSTCIRCUITS

Introduction

This Diagram depicts the N Burst circuits , which count a
number of events and produce a stop signal when the prop
er number is incremented ; and the Function Selector cir
cuits , through which the CPU selects one of the three
output functions , sine , triangle , or square wave. The major
circuits depicted are the Latches , the N Burst Counter , and
the Function Selector .

Latches

This circuit consists of three eight -bit serial -parallel shift
registers (U1401, U1600, and U1010), connected in cas
cade to form a 24-bit shift register . When a burst length is
selected , the CPU loads a number that is computed as
follows .

The maximum capacity of the N Burst Counter is 2ƒ6 or
65536 decimal . Since the N Burst feature allows for a maxi
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mum burst of 9999 decimal , the full counter capacity is not

required . Thus , only 15of the counter bits are controlled by

the latches , and the output detector limits the counter to

4002 hexadecimal (16,386 decimal ) . In addition , the counter
operates as an N - 1 counter . This is because a burst of one

cycle is always generated by the Trig / Gate/ Burst Logic cir

cuits , and the counter is not used in the case of a single

cycle burst . Thus , if a 1400-cycle burst is required , for
example , the counter will be loaded with a count of 1399.

Using this same example , the CPU loads the latches with

the difference (1686-1399 1487) , so that when the

counter increments to 4002 hexadecimal , 1399 cycles will
have occurred . (The 1400th cycle occurs during the end of
burst operation .)

=

Only two of the latches are used for the N Burst Counter .

The third controls the Relay Drivers that select the appropri
ate function that is applied to the Output Amplifier circuits .

N Burst Counter

The N Burst Counter produces a controlling signal (END
OF BURST) that informs the Main Loop that the number of
cycles required in the output signal burst will be completed
at the end of the next cycle . The counter consists of four 4
bit binary presettable elements that are connected in cas

cade, configured to count no higher than 4002 hexadecimal .
The entire counter consists of NAND gates U1510A, B , and
C, one-shots U1410Aand B , and counters U1400, U1411,

U1500, and U1610. The STROBESS signal from the CPU
is applied to all three latches , which transfers the serially
applied data to the parallel outputs of the latches . The

STROBESS signal is also applied to pin 9 of U1410B, so
that when the signal returns low , it triggers that one-shot ,
producing a negative -going output pulse of about 80 ns du

ration . This pulse is applied to pin 11of U1510C, which up
to now has a high level at all three inputs (pin 9 is held high
by +5 V, and in quiescence , U1410Aholds pin 10 high .)
The negative pulse is inverted twice through U1510Cand

U1510B, then applied to pin 4 of U1511. If flipflop U1511is
not set , the END OF BURSTsignal will be forced high . The
negative pulse is also applied to the load input , pin 11, of
each of the four counter elements , which loads the number

from the CPU(via the latches ) into the counter . After about

80 ns , the load inputs move high , and the counters wait for

the burst cycle to begin . The trigger signal causes the loop
to begin producing the signal , and square waves are applied
to the counter from Diagram 22. When U1400 pin 2 and
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U1610pin 6 move high ( indicating that the counter has in

cremented to 4002 hexadecimal ) . U1510Apin 12 moves

low , (pin 13 has been high since commencement of count ).

The next positive edge applied to the clock input clocks the

low to the Q output of U1511, pulling the END OF BURST
line low . The low level causes U1510Apin 13 to move low ,

pulling U1510Apin 12 high . The following positive edge of

the applied signal (which is the middle of the last cycle to be

added to the count of N - 1) clocks the high to the Q output
of U1511, and the END OF BURSTsignal returns high .

(Thus , this signal is low only for the last half of the N - 1

cycle and the first half of the last cycle of the burst .) The

high from U1511triggers one-shot U1410A, which through
U1510Cand U1510B loads the next number into the

counters and enables count . The signal also holds U1511
set for about 80 ns . This keeps the flipflop from responding

to any aberration during burst termination . This last cycle
that resets U1511brings the total to the desired number of

cycles in the burst .

In the special case where a burst of one cycle is required ,
the N Burst circuits are not involved . The one cycle is gener
ated by the action of the Trig/Gate/ Burst Logic circuits in
Loop One, just as through Trig mode had been selected .

During operations other than N Burst , the N Burst circuits

continue to run, but the Loop One logic ignores the END OF
BURSTline .

Function Selector

The Function Selector is controlled by the CPU, and se

lects either the sine , square , or triangle -wave function for

application to the Output Amplifier . The circuit consists of

latch U1010, drivers U1110Athrough F, and dual latching
relays K1020, K1110, and K1120, plus resistors R1122and
R1225.

When a function is to be selected , data from the CPUis

shifted into U1010. When the STROBESS signal moves
high , the data is transferred to the output register , and ap

plied to the six drivers . The MAGLATCHSTROBEpulse
furnishes the current to energize the relays in the required
direction to select one of the three signals applied to the
three relays . The two functions not selected are terminated

by 75 resistors to reduce load changes on the driving
circuits .
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POWERSUPPLIES

INTRODUCTION

All of the current required for operation of the FG 5010 is
taken from the Power Module . This is derived in several

ways : A dc voltage is taken directly from the Power Module ,
as in the case of the +26 V and -26 V supply ; an ac
voltage is taken from the Power Module and rectified , as in
the case of the + and •35 V supplies ; and a dc voltage is
derived from a dc supply in the Power Module , as in the
case of the + and -12V supplies , and the +5 V supply .

Refer to Fig. 4-19, which is a block diagram of the
voltage supplies in the FG 5010. The voltages from which
the supplies derive current are the +26 V, •26 V, +8 V,
and two 35 Vac Power Module supplies . The +26 V is
applied through a filter , from where it is used by the +12V

supply as the source of power . The +26 V passes through
another filter for application to the FG 5010 circuits . The
unfiltered +26 V is also applied to the +16V regulator and
the +35 V rectifier - regulator .

The 25 Vac from the Power Module is applied to the
+35-volt rectifier - regulator , where the voltage is rectified ,
filtered , and stacked on the +26 V to form the +35 V to the
Offset Generator . Likewise , 25 V ac is applied to the -35 V
rectifier - regulator , which operates in the same way as the
+35 V circuit , except that it is stacked on the -26 V
supply .

Power from the -26 V Power Module Supply is applied
to the - 35 V circuit , -16V Regulator , and -5 V

Regulator . After filtering , the voltage is applied to the --- 12 V
Regulator . This circuit uses the +12V circuit as reference

to produce the 12 V output . The •26 V, like the +26 V,

passes through another filter , then is applied to the FG 5010
circuits . The 26 V is also applied to the -5 V Regulator ,
which then produces the -5 V that is used by the +5 V
regulator and other circuits . The Power Module also

furnishes the +8 V that is used to produce the +5 V. This
regulator re-regulates and re-filters the +8 V down to

+5 V, then applies it to the FG 5010 circuits .

Also part of this area of the description is the Reset
Circuit and the Maglatch Strobe Generator . The Reset
Circuit prevents the CPUfrom commencing operations until
the power supplies are ready . The Maglatch Strobe

Generator produces the pulses that are used to drive the
magnetic latching relays in the FG5010.

(‚
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4 +5 V REGULATORAND MAGLATCH

-5 V Regulator

This circuit consists of transistor Q1630, Zener diode

VR1630, and resistors R1630 and R1631. The •26 V sup
ply from the power module enters the FG5010 via the Out

put Amplifier board . The voltage is applied across R1630
and VR1630, which is a 6.2 V Zener diode . Thus , the base
of Q1630 is at about -6.2 V, and the emitter is about a

junction drop positive , at •5.5 V. This voltage is applied to
the +5 V Regulator .

+5 V Regulator

The +5 V regulator consists of the following major cir
cuits : Main Regulation Amplifier , Current Limit Amplifier ,
Main Current Limiter , Over-voltage Protector , and Driver
Stage. The regulator converts the +8 V from the power
module to a regulated +5 V. This regulator is designed to
accommodate only part of the transient demands from the
FG5010, so some of the peak loads are passed back to the
main supply in the power module . To do so , the Main Regu
lator is a fast -response unit that can quickly couple large
current demands to the +8 V supply .

Main Regulator . The Main Regulator stage consists of
Amplifier U1420, transistor Q1410, precision reference

U1430, and surrounding components . Amplifier U1420 is a
high -speed operational amplifier , designed to pass major
current demands to the power module .

Ordinarily , Q1410does not conduct . However, should

one of the limiter stages (i.e., over-voltage protector , current
limit amplifier , or current limiter ) come into action , the output
of U1420would rise positive and eventually saturate . Before
this can occur , Q1410conducts , forming a current path
back to the inverting input of the amplifier . Thus, the upper
limit for the output of U1420 is one junction voltage above
the base potential of Q1410.

Amplifier U1420 senses the difference between the volt

age at the junction of R1312and R1313, and the 2.5 V ref

erence from U1430. Changes in output voltage cause the
voltage at the junction of R1312and R1313to change pro
portionately , causing an error voltage at the input of U1420.

This error voltage is amplified by U1420 and applied to the
driver circuit to correct the error in the regulator output .
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The change in load current thus generated restores the
regulator output to a nominal +5.05 V. This maintains
+5 V on the circuit boards , allowing for a small voltage drop
across the connectors .

Resistors R1411and R1424 connect the +5 V and
ground lines to the +5 V sense and return lines in the event

that the board is operated while removed from the
Interconnect board . If such occurs , the output voltage rises

+16V
REGULATOR

+35V
REGULATOR

-35V
REGULATOR

Fig. 4-19. Power Supplies block diagram .

-16V
REGULATOR

FILTER

FILTER

+26VF

+12V1
+12V2

+16V

+35V

-35V

-16V

-12V1

-12V2

-26VVE

+5V

3467-25

to about +5.15to +5.2 V, due to the voltage drops across
R1411and R1424.

Current Limit Amplifier . This circuit consists of amplifier
U1432A, transistor Q1420, and related components . The

purpose of the circuit is to protect Q1511, the Driver Tran
sistor , in the case that the FG 5010 is installed into an ener

gized power module . If such occurred , the amplifier would
attempt to draw the entire supply current through Q1511,
which would likely exceed its capacity .
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If excessive collector current is drawn through Q1511,
this is sensed via R1520, and the non - inverting input of
U1432A moves negative . The output in turn moves nega
tive , reducing conduction through Q1510and thus , Q1511.
Stabilization of U1432Ais provided by Q1420and CR1523,
which come into operation whenever the output , pin 1, of
the amplifier rises more than two junction drops above the
+8 V at the cathode of CR1523. At that point , Q1420con
ducts to limit the range of U1432A by furnishing another
current path for the inverting input of U1423A.

Main Current Limiter . Amplifier U1432B, transistor

Q1422, and related components make up the Main Current
Limiter . Operation of this circuit and that of the Current Limit
Amplifier is similar . Sensing of the current is performed
across the parallel combination of R1510, R1511, and
R1512. When the main current limit is reached ( about 4 am
peres), U1432Bpulls negative on the base of Q1510, reduc
ing the drive to the power module pass transistor . Amplifier
U1432B is held from moving out of its operating range by
the action of Q1422and CR1522.

Over-voltage Protector . This circuit consists of compa
rator U1320, SCRQ1310, and related components . Should
the +5 V line rise too positive , U1320 provides the firing
potential for Q1310, which fires and pulls the +5 V line to

ground potential . Current surges during SCR turn -on are
limited by R1410. If Q1310is fired , the fuse through which
the current is supplied from the +8 V power module supply
will open .

Driver Stage. This circuit consists of common -emitter
stage Q1510and Q1511. The base of Q1510is the junction
of the output of amplifiers U1420, U1432A, and U1432B.
Thus , depending on the operating conditions of the regula
tor (normal , overcurrent , etc.) , one or another of the amplifi
ers will have control of Q1510. (The other two amplifiers will
be kept in bounds by the self - regulating circuit in each
stage .)

Emitter -follower Q1510furnishes the base drive current

for driver Q1511, which is also an emitter -follower , and pro
vides the base drive for the Power Module pass transistor ,
which is located off the FG 5010 chassis for better cooling
characteristics .

23 12 V SUPPLIES

Introduction

These two voltage regulator circuits , which are located
on the Sine Shaper Board , derive power from the Power
Module voltage supplies . The output voltages are applied
throughout the FG 5010 circuits .

Theory of Operation - FG5010

+ 12 V Regulator

The regulator consists of amplifier U1520, transistors
Q1530 and Q1630 (and the pass transistor in the power
module ) , plus related components .

The +26 V from the Power Module enters the board at

P1700pin 12Aand 12B, through fuse F1610to a filter cir
cuit . This consists of L1620, C1620, and C1523. From

L1620, the +26 V is connected to both supplies to act as a
current source . The +26 V leaves the board through filter
L1221and C1220 for application to the Loop 1 circuits .
Reference for both supplies is 6.2 V Zener diode VR1431.
This voltage is applied through R1430 to the non-inverting
input of U1520. The inverting input of the amplifier is con
trolled by the voltage at the wiper arm of R1427, the +12V
adjustment . The +12V is applied to the top of divider

R1426, R1427, and R1425, so the voltage at pin 2 of U1520
ranges from +5.9 V to +6.5 V, approximately .

The voltage resulting at the output of U1520 controls
driver transistor Q1630, which in turn controls the pass
transistor in the Power Module .

At the output of U1520, Zener Diode VR1430prevents
the base of Q1630 from going beyond +18V, limiting the
output voltage in case of amplifier failure . Current limit tran

sistor Q1530senses the voltage across R1535, and , should
the current rise to 900 mA , Q1530 conducts to reduce the

output current to 400 mA under a direct short across the

output . (This is called fold back current limiting ) .

The +12V output is fed off the circuit board as two

sources , the +12V• and +12V‚ . Each of these output
lines is filtered by an LC circuit before leaving the board .
Resistor R1540 provides protection for Q1630in case the
FG 5010 is installed in an energized Power Module . If during
connection the pass transistor collector did not connect ,

Q1630would attempt to draw the entire load , and destroy
itself . However R1540limits the output current if this should
occur .

- 12V Regulator

The 12 V Regulator consists of amplifier U1521; tran
sistors Q1611, Q1610, Q1430, and the pass transistor on
the Power Module ; and related components . The regulator
receives the - 26 V from the Power Module and converts it
to the 12V for use in the FG 5010. The ƒ 12 V regulator
is very similar in operation to the +12V regulator , except
for the polarity of the output .

-

The 26 V is applied through fuse F1630 and input filter
L1640-C1530-C1525 to the regulator circuit , and through

4-45



Theory of Operation - FG5010

the output filter for use in the Output Amplifier . Zener diode
VR1521and R1532 provide a nominal 5 V positive supply
for U1521. The negative supply for U1521comes directly
from the -26 V input . The amplifier is controlled at the in
verting input by the voltage across divider string R1441,
R1440, and R1442, which connects from +12 to 12V.

Amplifier R1521 keeps the wiper of R1440 at ground by
varying the 12 V output . Thus , the 12 V supply tracks
the +12V supply . Adjustment of the 12 V is by R1440.

Transistor Q1430 protects the negative supply in the
event that the two supplies move too far apart . For exam
ple, if at turn -on the negative fails to operate , the positive
supply voltage at R1441can pull pin 2 of U1521up only
0.7V above ground before Q1430 conducts , clamping the
positive regulator at approximately +1.4V.

In normal operation , changes from the supplies are
amplified by U1521 and coupled to the base of driver
Q1610. Zener diode VR1520prevents the base of Q1610
from exceeding -18V, limiting the output voltage in case of
amplifier failure . From the emitter of Q1610, any change is
coupled to the base of the pass transistor on the Power
Module , to increase or decrease the current to the load , as
required . In the collector circuit of Q1610, resistor LR1614
protects Q1610from overload if the FG 5010 is installed

into an energized Power Module by limiting the current
through the transistor . The voltage across current -sense re
sistor R1520 is applied to the base-emitter junction of cur
rent -limit transistor Q1611, which limits the regulator output
at 700 mA; into a short circuit , the current limit is reduced to
400 mA or less . The 12 V regulated output is filtered by
C1520, then split and filtered through L1110and C1000 on
one leg , and L1112and C1010on the other , then applied to
the output pins .

16V POWERSUPPLY

Introduction

This section furnishes six different voltages : the + and
-26 V from the Power Module , the + and -35 V, and the
+ and -26 V.

+26 and -26 V Supplies

The +26 V from the Power Module comes through fuse
F821, then passes through a filtering circuit , from where it is
fed to the Offset Generator.

The 26 V, also from the Power Module , follows the
same kind of path to the Negative Offset Generator .

Both supplies are used in the generation of the other four
voltages .

4-46

+35 V and -35 V Supplies

The floating 26 V ac from the power module is applied
across CR1801, which is connected to stack on the +26 V

supply . The voltage from CR1801is filtered across C1801,
then held to a nominal +35 V by R1702-VR1701. The out
put voltage is furnished to the Positive Offset Generator de

picted on Diagram 26 .

The -35 V supply is essentially the same as the +35 V
supply . Current for this supply is also taken from a 25 V ac
winding . The supply is stacked on the -25 V supply , and
the resultant nominal -35 V is used to operate the Negative
Offset Generator depicted on Diagram 26 .

+ 16V Supply

This supply consists of U1711, the regulator stage , pass
transistor Q1701, and related components . Reference for
the regulator is by means of divider string R1815-R1814
R1812, connected across the +12V supply . Thus , +6 V is
furnished at U1711pin 5 as a reference voltage .

Current limiting for the supply is provided by circuits in
ternal to U1711, using R1711as the limit sense resistor .
Diode CR1711prevents the output from going negative in
the event of severe current limit conditions . Jumper P1711
is provided as a troubleshooting aid .

- 16V Supply

This supply consists of regulator U1731, current sense
transistor Q1841, a pass transistor on the Power Module ,
and related components . Operation of the 16V regulator
is similar to that of the +16V regulator .

The regulator is referenced to the 12 V supply at pin 5 .
Since U1731is a positive regulator , Q1841is added to en
sure that the current sense operates properly . Otherwise ,
this supply operates the same as the +16V supply .

4 MAGLATCHSTROBEGENERATOR

Maglatch Strobe Circuit

This circuit produces the drive signal for the magnetic
latch relays in the FG 5010. The circuit can drive up to five
relays at once, although there are no more than four ener
gized at once. Two signals are produced by the circuit : the
MAGLATCHSTROBEsignal , which is the signal that ener
gizes the relays , and the END OF STROBEsignal , which
informs the CPUthe strobe signal is ended.

The Maglatch Strobe Circuit consists of the Control Log
ic , U1234C and U1234D; Strobe Generator U1232A; and
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the Driver Section , Q1322, Q1212, and Q1210. The

MAGLATCHTRIGGERsignal from the CPU enters the
board at P1110-8B, and is applied to pin 8 of U1234C. The
low state of the signal is the trigger for the Strobe Gener
ator , and must be low for the duration of the Maglatch trig
ger. The RESETsignal from the Reset Circuit is applied
through Norgate U1234D, wired as an inverter to stop the
MAGLATCHTRIGGERduring warmup . Otherwise , the out
put of U1234Dis low , and the trigger can pass . The positive
trigger pulse from U1234Cis applied as the trigger to one
shot U1232A, the Strobe Generator . It responds by produc
ing a pulse at the output that is no less than 5 ms in

duration . The negative -going pulse from U1232A, pin 7, is
applied to the emitter of Darlington transistor Q1322,
amplified , then taken from the collector and applied to driver
transistor Q1212. This stage provides the current drive for
pass transistor Q1210, which in turn produces the 5 ms
positive -going MAGLATCHSTROBEsignal that drives the

relays . If the +5 V supply fails , diode CR1320resets the

output by pulling low on the base of Q1322, and holding it

low until the supply is restored .

Reset Circuit

This circuit consists of transistor array Q1330, Q1320,
Zener diode VR1432, and related components . The purpose
of the circuit is to generate the RESETsignal that prevents
the MAGLATCHSTROBEsignal from being produced until
power has stabilized , and to inform the CPU of power
status .

For discussion's sake , assume that the Power Module

and FG 5010 have both just been energized . This means
that neither the +8 V from the power module nor the +5 V

supply are operating as yet . The power signal J1615pin 1 is
low to indicate that the Power Module has not yet stabilized .

The voltage reference output of U1430 remains at zero

until the +8 V supply reaches approximately 3 V.The refer

(8)

Theory of Operation - FG5010

ence voltage stabilizes at +2.5 V by the time the +8 V sup
ply reaches +4.5 V.Until the reference voltage reaches one
diode drop (for CR1331) , Q1330D conducts , diverting cur
rent from Q1330Eand the RESETsignal driver , Q1320. To
cover this voltage range , Q1320 is turned on by current
through R1326 and R1327 as soon as the +5 V supply
reaches one diode drop . This current path continues to ap
ply the RESETsignal until the +8 V supply reaches 5.1V
plus one diode drop (VR1432in series with Q1330C). By the
time Q1330Cconducts (which effectively connects the junc
tion of R1326 and R1327to ground ) , the voltage reference
will be stable and the differential amplifier (Q1330D and
Q1330E) will be in control .

If the PWR input is low or if the +5 V supply is below

regulating limits , Q1330E conducts . The PWR line pulls
down on the base of Q1330Ethrough CR1331, while the
+5 V supply is sensed via R1332 and R1333, and com

pared with the output of U1430.

Transistors Q1330A and Q1330B form a latch that en

sures that each RESETpulse goes below the TTL low
threshold and remains there for at least ten microseconds .

(This is required by the microprocessor .) When the RESET

line is high , Q1330A is saturated , holding the emitter of
Q1330B near ground . No current flows if the base of

Q1330B is less than one diode drop above ground . If the
+5 V supply drops out of regulation (or if the PWR input

goes low), Q1330Ebegins to conduct , turning on Q1330B
and Q1320. The collector of Q1330B pulls the base of
Q1330Elower , increasing the drive to Q1330B and Q1320.
When the RESETline falls below one diode drop , Q1330A

turns off , removing the current path for Q1330B and also

removing the regenerative drive from Q1330E. If the condi

tion that caused the reset is still present , RESETwill remain
low . Once the condition is removed , the line rises . This rise

is slowed by C1310and R1310to ensure that the pulse
arriving at the CPU is more than 10ƒs .
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CPUSECTION

The Processor Board contains the Microprocessor and its
associated clock circuit , the instrument RAM and ROM

storage facilities , and the various input /output and bus cir
cuits and with other FG 5010 circuit groups . The CPUBlock
Diagram shows the relationship of the Processor Board cir
cuits (the schematic diagrams for these circuits are shown
on Diagrams 5 through 9) and is included in the diagrams
section of this manual . Refer to that block diagram for sup
port of the following brief description .

At the center of FG 5010 functions is the Micro

processor , which controls all program -influenced oper
ations . It is a standard eight - bit integrated circuit
microprocessor . An associated 4 MHz oscillator provides
the clock for the Processor Board circuits . Communications

between the Microprocessor and other Processor Board cir
cuits is via an eight - bit parallel data bus ; selection of the
memory and input /output circuits is via a 16-bit parallel ad
dress bus . Input /output circuits include the GPIB Interface ,
the Versatile Interface Adapter , and the Keyboard Display
Interface . Memory circuits include both RAM and ROM. In
addition , a service interconnect port provides for connection
of a test fixture to aid in maintenance operations .

The GPIBInterface logic provides the interface between
the Processor Board data bus and the external IEEE-488
data bus that allows communications between the FG 5010
and other instruments and controllers . Also, the GPIBInter
face logic handles the required handshake and bus manage
ment signals .

The Versatile Interface Adapter logic performs parallel
to-serial and serial -to -parallel conversion of data for trans
mission between the Processor Board data bus and the

FG5010 Output Amplifier , Loop 1, Loop 2 , and Sine Shaper
circuit groups ; and between the Loop 2 circuit group and the
Processor Board data bus . The circuits also produce the
strobe signals to those circuit groups to effect such trans
fers . Closely associated with the Versatile Interface Adapter
is the Trigger Logic , which , under control of the Micro
processor via the port logic , generates trigger /gate signals
to control the FG 5010 output .

The Keyboard/ Display Interface operates under control
of the Microprocessor to generate signals that display infor
mation in the various front -panel indicators . Those indica
tors include both segmented number indicators and lights
which are operated in three states : on , blinking , or off .

Communications between these interface logic circuits
and the Microprocessor is through a portion of the Proces
sor Board data bus that includes the Bidirectional Buffer .

4-48

Memory circuits include one kilobyte of external RAM,
128 bytes of RAM internal to the Microprocessor , and 24
kilobytes of ROM for storage of FG 5010 operational data .
Note that the RAM circuits communicate with the Micro

processor via the Bidirectional Buffer as do the interface
circuits .

The Device Address circuits allow the user to select any
of the 31 valid IEEE-488 bus addresses or the invalid ad

dress (all five address switches set to 1) and which termina
tor is to be used for bus communication . An internal jumper
allows service personnel to select normal , calibration , or sig
nature analysis mode .

5 MICROPROCESSOR/ 4 MHz CLOCK

Introduction

The Processor Board diagram contains the Micro
processor and 4 MHz Clock circuits . In addition , this con
tains part of the Service interconnect circuits and part of the
Read/Write Control Logic .

The Microprocessor circuit provides the detailed control
for all FG5010 automatic and programmable functions . It is
a 6802 8-bit microprocessor with an 8-bit data bus and a
16-bit address bus . The 4- MHz clock input to the Micro
processor is provided by a crystal controlled oscillator that
is external to the microprocessor , rather than the internal
circuit , for a more precise and stable reference . This clock
signal is also used by other FG 5010 circuits .

Additional circuits on diagram 5 are the control logic that
enables the read and write functions , and part of the service
interconnect facilities that provide for connection of a test
fixture .

4 MHz Clock

The 4 MHz clock circuit consists of a Pierce type oscilla
tor (basically a Colpitts oscillator with the voltage division
provided by base-to -emitter and collector -to -emitter capaci
tance ) , an Emitter Follower , a Differential Amplifier , and sev
eral Inverter - Drivers .

Transistor Q1131and reference crystal Y1131form the
basis for the oscillator . Crystal Y1131is a 4 MHz anti -reso
nant mode device , and is connected across the base-collec
tor junction of Q1131. Feedback capacitance is provided by
the capacitor divider consisting of C1132and C1134. Ca
pacitors C1132and C1134are chosen to provide the proper
parallel capacitance so that the crystal will operate at the
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design frequency of 4 MHz. Resistor R1134acts as the os
cillator collector load ; capacitor C1131bypasses the oscilla
tor frequency.

The rc filter consisting of resistor R1120and capacitor
C1122filters out any ripple voltage present on the +5 V
supply as side effects of display currents . This rc network
stablizes the amplitude of the oscillator circuit . The resistive
divider consisting of R1131and R1132sets the bias on the
oscillator transistor . Resistor R1133and capacitor C1133
stablize the operating point .

Emitter follower transistor Q1133couples the output sig
nal from the oscillator collector circuit . An emitter follower
circuit is used so as not to excessively load the oscillator .
Resistor R1135provides isolation between the oscillator
and Q1133; resistor R1136is the load for Q1133.

Transistors Q1132and Q1231form a differential amplifi
er that accepts the emitter follower output and amplifies it
appropriately to be used by following logic circuits . Capaci
tor C1135couples the emitter signal of Q1133to the base
circuit of Q1132. Both Q1132and Q1231are biased by a
common resistor -diode network consisting of diode CR1231
and resistors R1231, R1137, R1233 and R1234. The diode

produces a single diode drop that is the approximate equiv
alent of the base-emitter drops in the two transistors ,
Q1132and Q1231. The two divider legs then provide the
basis for the standing current in the transistors . The actual
value of the standing current in the differential pair is set by
resistor R1232, the common emitter resistor .

From emitter follower Q1133, the signal is applied to the
base of Q1132, which switches Q1132on and off at the
oscillator rate , shunting current from Q1231periodically at
that rate . At that frequency , the base of Q1231is effectively
grounded through capacitor C1231. The amplifier output
signal is developed across Q1231collector resistor R1235.

From the amplifier , the output signal is applied to invert
er-driver U1630F, which applies the 4 MHz oscillator signal
to the microprocessor pin 39 (the EXTALinput ) , which is the
clock input for the microprocessor . The U1630Foutput is
also applied to GPIBinterface U1102, on Diagram 7 , and to
parallel inverter -drivers U1630Aand U1630B.

The output from these two inverter -drivers is applied
through resistors R1630 and R1631via connector P1050,
pin 7Ato the Loop 2 circuits , on Diagram 1, where it is used
as the reference clock for the frequency control . Capacitor
C1630 rounds the signal somewhat , by removing abrupt
transitions , to reduce the noise that is coupled into other
FG5010 circuits .

Theory of Operation - FG5010

Microprocessor

The Microprocessor , U1310, contains the circuits neces
sary to control the operation of the FG5010.Since U1310is
a standard 6802 IC and a detailed functional description and
block diagram is provided in the manufacturer's documents ,
no detailed description is provided here . Only a description
of the inputs and outputs is provided .

Bidirectional data bus lines D0 through D7 are connected
to Microprocessor pins 33 , 32 , 31, 30 , 29 , 28 , 27 and 26

respectively . Note that not all of the opposite ends of the
signal paths connected to these pins are bidirectional in op
eration . Data are received from the ROM and address

switches on Diagram 9 , but are not transmitted to those
circuits . Data are both transmitted to and received from the

Bidirectional Buffer U1200 on Diagram 7.The buffer , in turn ,
transmits to and receives from the GPIB Interface U1102
and the RAM U1400 and U1500, both on Diagram 7 , and
the Versatile Interface Adapter U1720, and the Front Panel
Interface U1830, both on Diagram 8. Data are also transmit
ted to and received from the test fixture that may be con
nected to J1220, the service interconnect connector . Note

that pin 26 of the Microprocessor is also connected to the
+5 V supply through resistor R1200, which acts as a pull
up if the test fixture is not connected to the service
interconnect . Thus , if the Microprocessor attempts to ac
cess the test fixture and the test fixture is not connected ,
the returned high will indicate to the microprocessor that
this is the case.

Address lines A0 through A15 are supplied from
microprocessor pins 9 through 20 and 22 through 25. These
lines are applied to the Address Decoders and Drivers on
Diagram 6.

The NMI input , connected to pin 6 of the microprocessor ,
is not used inside the FG 5010. It is used only in the test
fixture that connects to J1220. The Interrupt Request
(IRQ) line is also used by the test fixture , but is in addition
used by the GPIB Interface logic U1102on Diagram 7 and
the Versatile Interface Adapter logic U1720 on Diagram 8 .
IRQcan be asserted by either U1102or U1720, and causes
the Microprocessor to respond to the requesting interface
circuit .

Reset to the Microprocessor is applied as RESET(active
low) to pin 40 and is supplied from the Reset circuit on Dia
gram 4 via the Interconnect Board on Diagram 1 connector
P1010, pin 11Aand inverters U1610Band U1610C. After
the first inversion , by U1610B, the signal is supplied to the
Front Panel Interface U1830 on Diagram 8. This signal is
called LOGICRESETand is active high . After the second
inversion , by U1610C, the signal is applied to the Micro
processor to the GPIBInterface Logic U1102on Diagram 7,
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and to the Peripheral Interface logic U1720on Diagram 8 as

the LOGICRESETsignal ( active low ) . It initializes all of

these ICs to the power-on condition . It is also applied to

U1830 in the Front Panel Interface logic on Diagram 8 to

hold off display signals . It thus prevents the front -panel indi

cators from blinking during reset operations .

The Ram Enable ( RE) line connected to pin 36 of the

Microprocessor is ordinarily high . Placing Forced

Instruction / Normal jumper in the Forced Instruction position

for maintenance operations causes the RE input to be low ,

disabling the microprocessor internal RAM. This signal is

also applied to the RAM address selection logic ( to U1722A)

on Diagram 7 and to the ROM address selection logic (to

U1722D) on Diagram 9 as the FI signal . As with the

Microprocessor RAM, these circuits are disabled under cer
tain conditions .

The valid memory address signal (VMA) indicates to the

Field Programmable Logic Array on Diagram 6 that the
ROM address selected is valid and is not the partial result of
a 16-bit calculation .

Read and write control signals are generated by the re
maining circuits on Diagram 5 , under control of the R/W

signal from pin 34 of the microprocessor and the ROMDIS

(ROM Disable ) signal from the test fixture via pin 10 of ser
vice interconnect connector J1220. (ROMDIS is normally
high , but is pulled low when the test fixture is connected and

is supplying data .)

The R/W signal from the Microprocessor is applied di

rectly to U1620Aand inverted , by U1510B, to U1620C. The

ENABLEsignal from the Microprocessor ( E, pin 37) is also
applied to both U1620A and U1620C as is the ROMDIS

signal . The overall effect is that , when ROMDISis high , the

ENABLEsignal is high , the R/W line is high , the RD output
will be low . When ROMDISis high , R/W is low , and enable
is high , the WR output will be low . Thus , only during EN
ABLEand only during an access cycle in which data are not

being provided by the Test Fixture will RD or WR be low .

(Also, note that the enable signal is supplied to the Test
Fixture (J1220, pin 2).

These read/write control signals are applied to the GPIB
Interface logic ( U1102) on Diagram 7, the Front Panel Inter

face U1830 on Diagram 8, the Bidirectional Buffer U1200 on

Diagram 7, and the Versatile Interface Adapter logic U1720

on Diagram 8.
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6) ADDRESSDECODER

Introduction

Processor Board Diagram 6 contains the Address De
coder circuits and buffers to drive the Processor Board ad

dress lines .

The Field Programmable Logic Array ( FPLA) examines all

addresses supplied by the Microprocessor , compares each
with a list of addresses in which data are to be changed ,

and , when such an address is detected , causes the ROM in

which that address is located to be disabled and new data

from the Patch EPROMto be substituted . If the address is

not one in which data is to be changed , the Device Address
Decoder examines the address lines and enables the select

ed circuit (such as ROM, RAM, GPIB Interface , etc. ) . The

Address Line Buffers drive the address lines and provide for

disabling certain addresses for substitution of ROM data .

Address Line Buffers

The Address Line Buffers consist of tri -state buffers

U1320 and U1312, which provide the drive capacity to sup
ply address information to all of the addressable circuits on

the Processor Board . Integrated circuit U1320 is the buffer

for the lower three bits and the higher five bits of the ad

dress ; U1312is the buffer for the other eight bits of the

address . Note that since the inputs to the enable gate of
U1320 are grounded , address bits A0, A1, A2, A11, A12,

A13, A14, and A15are always buffered and applied to the

addressable circuits . The enable gate for U1312, however,
is controlled by the FLAGoutput from Field Programmable
Logic Array (FPLA) U1420. If the FLAGsignal is low , the

gate for U1312disables that buffer , which removes the A3

through A10address bits that were supplied by the Micro

processor (Diagram 5 ) . Instead , address information from

the FPLAis substituted on the bus . The outputs from buff
ers U1320 and U1312are the buffered address bits BAO

through BA15.

Field Programmable Logic Array

Addresses in which data are to be changed are detected

by Field Programmable Logic Array ( FPLA) U1420. Each

time the Microprocessor ( Diagram 5 ) supplies an address ,

the FPLAcompares address bits A3 through A15(which are

bits 10 through 112inside the FPLA) with the list of ROM

addresses that has been programmed into it . If the address
matches one of the addresses on the list , the FPLAcauses

the FLAGoutput to become low , which disables Address
Line Buffer U1312, disables the ROM in which the address

is located (Diagram 9 ) , and enables the Patch EPROM

(U1640, also on Diagram 9) . The FPLAalso supplies ad

dress bits BA3 through BA10, an address in the Patch
EPROM. At that address are new data to replace the data
at the selected ROM address .
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This arrangement is used to provide for programming
flexibility . FPLAU1520, Buffer U1312, and Patch EPROM
U1640(Diagram 9 ) operate in concert to accomplish this . A
detailed description of the circuit operation follows .

In addition to the address inputs applied to input lines 10
through 112, several other inputs control FPLAoperations .
Input 113from the Disable Patch / Normal jumper (P1515)
must be high for the FPLAto operate normally ; that is , in
the NORMALposition . If jumper P1515is in the Disable
Patch position , the ROM circuits can be tested completely .
Input 114is the Valid Memory Address (VMA) signal from
the Microprocessor (Diagram 5 ) , which , when high , indi
cates that the address selection is indeed valid from the

Microprocessor . Input 115 is the ROM Disable ( ROMDIS)

signal from service interconnect connector J1220 on Dia

gram 5 (ROMDIS) is driven low only by the Test Fixture that
can be connected to J1220 for maintenance operations ).
Both input 114and input 115must be high for the FPLAto

operate .

When the FPLAdetects the address for which new data

are to be supplied (by its being included in the programmed
FPLAlist ) , it asserts output lines FO through F7 and the
FLAGoutput . The low FLAGsignal causes the output of
NAND-gate U1510Ato be high . The U1510Ahigh output
disables Address Line Buffer U1312, which removes micro

processor address bits A3 through A10 from the buffered
address bus ; disables Device Address Decoder U1520,

which removes the enable signal from the ROM that had

been addressed ; and , through NOR-gate U1600A, enables
the Patch EPROM(U1640 on Diagram 9) by supplying the
PATCH EPROM CS enable signal .

At the same time , FPLAoutputs F0 through F7 are sup
plied to the address bus as address bits BA3 through BA10
respectively . Because the Patch EPROMis enabled , a byte

in the ROM that is to be changed is replaced by a new byte
from the Patch EPROM.

Note that address bits , 1 , and 2 are not included in the

FPLAinputs and that these bits are not generated in the
FPLAoutput , which includes only bits 3 through 10.There

fore , eight -byte blocks are recognized by the FPLA. Each
address that is programmed into the FPLAcorresponds to
an eight -byte block that is on an eight - byte boundary (the
low -order 'three bits are Os) . Thus , for any address , the low
er-order three address bits (A0 through A2) are ignored by
the FPLA. A corresponding eight - byte block in the Patch
EEPROMis mapped in on top of the changed data . ( In ex
planation , note that address bits A0 , A1, and A2 are applied
directly through Address Line Buffer U1320 and so are ap
plied to the Patch EPROMregardless of whether the source
of the address is the Microprocessor [ Diagram 5] or the
FPLA.)
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Further , note that on the function outputs of FPLA
U1420( FO through F7) , there are series resistors in all lines.
The purpose of these resistors is to reduce the amount of

current that flows during bus contention time . The propaga
tion delay of the LAG signal through gates U1510 and
U1312can cause some bus contention . Resistors R1420

through R1427 limit the current that can flow during that
time .

Device Address Decoder

The Device Address Decoder circuits consist of decoder

U1520 and U1512and associated logic gates . The circuits
generate the enable signals for the RAM, ROM, Address

Switch , GPIBInterface , Keyboard/ Display Interface , Versa
tile Interface Adapter , and Patch EPROMfrom the address

es supplied on the buffered bus by buffer U1320.

The U1520 decoder decodes eight kilobyte blocks . Out
put YO indicates addresses through IFFF, Y1 indicates

2000 through 3FFF, Y2 indicates 3000 through 4FFF, and
so on through FFFF. Decoder U1520 is supplied with only
address bits 13, 14, and 15.(Output Y2, Y3, and Y4 are not
used .)

Of the output lines from U1520, the Y5, Y6, and Y7 lines

are used to enable the ROM's on Diagram 9. Output Y1is
used to enable the Address Switch on Diagram 9. Output
YO is used for two purposes . It is used to generate the en
able signal for the GPIB Interface IC ( Diagram 7) , and it is
used as one of the enabling signals for the bidirectional buff

er on Diagram 7.

The U1512decoder decodes four two -kilobyte blocks in

each of two eight -kilobyte ranges . This is illustrated in Table

4-3 . Decoder U1512is supplied with address bits 11, 12, 13,
14, and 15.(Outputs Y5 and Y6 are not used .)

YO

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Table 4-3

ADDRESSDECODING

0- 7FF

800- FFF

1000-17FF

1800-1FFF

8000-87FF
8800-8FFF

9000-97FF

9800-9FFF

Two-kilobyte blocks in an

eight -kilobyte range

Two-kilobyte blocks in

other eight -kilobyte range

an

Output Y7 of U1512, in combination with the FLAGsig
nal from FPLA U1420 and through inverter U1730Cand
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NOR-gate U1600A, enables the Patch EPROM(Diagram 9).
(It is important to remember that the Patch EPROMcan be

addressed either by the FPLAor by addresses in the range
of 9800 through 9FFF.)

Output Y4 is applied to the shift enable circuit which con
trols serial data on Loop 1.Along with the WR signal from
the Read/Write Control Logic ( Diagram 5 ) , the Y4 signal is
applied through NOR-gate U1600B to the shift enable flip
flop (U1600C and U1600D). If both Y4 and WR are low at
the same time , the flip -flop is set . (The flip - flop is set by a
write operation in the address range of 8000 through 87FF.)
It is reset by the Loop 1 strobe signal (STROBEL1) from
the Versatile Interface Adapter U1720 ( Diagram 4) . The
SHIFTENABLEsignal is applied to the Loop 1 circuits to
allow data to be shifted to Loop 1.

Thus , a write operation sets the flip -flop , which permits
data to be shifted to Loop 1.After the data have been shift
ed to Loop 1, the process of strobing the data resets the
flip -flop so that no more data will be shifted into Loop 1 until
the flip -flop is set again . This reduces the amount of shift
clock noise introduced to Loop 1.

Output Y3 is one of the two decoder outputs that en
ables the GPIB Interface circuits ( Diagram 7) . A second en
able signal is required because decoder U1512does not
include ENABLEin the enabling or select inputs , so the out
puts of U1512become valid approximately 40 ns after the
addresses become stable . This is a requirement for ad
dressing the Versatile Interface Adapter U1720(Diagram 8)
and is not a problem for the Keyboard/ Display Interface ,
U1830, also on Diagram 8 , or the RAM's (U1400 and
U1500) on Diagram 7. However, it would present a problem
to the GPIB Interface U1102( Diagram 7) . The IC used for
U1102requires that the addresses be stable for a short

period of time before the select signal is asserted . To pro
vide for this requirement , the YO signal from U1520, which
does include ENABLEin the inputs , is also applied to OR
gate U1612C. Thus , Y3 from U1512provides the specific
address and YO from U1520 provides the ENABLE
component .

Output Y2 enables the Keyboard/ Display Interface IC
(Diagram 8) , output Y1 enables the Versatile Interface
Adapter IC (also on Diagram 8 ) , and output YO enables the
RAM circuits on Diagram 7.

7 RAM/ GPIB INTERFACE

Introduction

Processor Board Diagram 7 contains the RAM and GPIB
Interface circuits . In addition , this contains the Bidirectional
Buffer and various gates that exert control over the buffer
and RAM circuits .
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The RAM circuits provide the required random access
storage capacity for FG 5010 operations . Two static RAM

IC's are used to provide a total of 1 kilobyte of memory
capacity . The GPIB Interface circuits provide the communi
cations interface between the IEEE-488 bus and the internal

FG5010 data bus . Eight data bits and assorted command

and reply signals are handled by the GPIBInterface .

Additional circuits on the diagram are the Bidirectional
Buffer that transfers data between the Microprocessor and
the associated bidirectional interface and data storage cir

cuits , and the logic circuits that affect buffer and RAM
operations .

For ease of understanding , the Bidirectional Buffer circuit
is described first .

Bidirectional Buffer

The Bidirectional Buffer U1200 transmits eight bits of
data in either direction while providing isolation among the
various circuits . Bidirectional input /output and storage de
vices , in addition to the Microprocessor , include the GPIB
Interface circuits , the Front Panel Interface circuits , the Ver

satile Interface Adapter circuits , and the RAM circuits .

Control for the direction of data transmission is provided
by the RD signal from the read/write control logic on Dia
gram 5. When the RD signal is low , data flow is from B to A
in the buffer , and data are being read into the micro
processor from the selected I/ O circuit . When the RD line is

high , data flow is from A to B in the buffer , and data are
being supplied by the microprocessor to an I/O or storage
circuit .

The enable signal applied to U1200, pin 19 is generated
from a combination of the RD , FI and SELOsignals by
gates U1722Aand U1510C. The FI signal from the Forced
Instruction / Normal jumper on Diagram 5 , ordinarily high , is
applied to AND-gate U1722Aalong with the BA10(bus ad
dress 10) signal from the Address Buffer circuit on Diagram
6. The output from U1722A is applied to NAND-gate
U1510Calong with the inverted (by U1610A) SEL€ signal
from Device Address Decoder U1520on Diagram 6 (SELOis
the signal from the YO output line ) . Thus , as long as the
Forced Instruction / Normal jumper is in the Normal position
whenever bus address 10 is high , the U1722Aoutput is
high . Whenever SELOthen becomes low , indicating that the
address range is between and FFF, the second input to
U1510Cis high and the low output enables U1200. The net
effect is to enable data transfer only when in the upper half
of each two- kilobyte block in the address range of through
1FFF.
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Specifically , the buffer is disabled for the address range
from through 3FF, enabled from 400 through 7FF, dis
abled from 800 through BFF, enabled from C00 through
FFF, disabled from 1000 through 13FF, enabled from 1400
through 17FF, disabled from 1800 through 1BFF, and en
abled from 1C00 through 1FFF. This scheme allows read
and write operations with each of the input /output devices
without the possibility of bus conflict with the Micro
processor during the times that it is reading from its internal
RAM.

In explanation of that possible conflict , whenever the
microprocessor is reading from its internal RAM, which is
assigned addresses through 7F, the Microprocessor data
bus lines would be enabled for a write cycle even though the
operation in progress is a read cycle . This would cause data
bus contention between the Microprocessor and the
Bidirectional Buffer . Signal BA10, by being included in the
buffer enabling logic , prevents such contention .

Random Access Memory

The RAM consists of IC's U1400 and U1500, with the
contents of the two arranged so that each contains four bits
of the eight -bit data bus word . Bits 2 , 4 , 6 and 7 are in
U1400; bits , 1, 3 and 5 are in U1500. Data transfer to and
from the RAM is through the bidirectional buffer U1200.

Selection of the RAM for either a read or write operation
is controlled by the RAM Chip Select (RAM CS) signal from
Device Address Decoder U1512on Diagram 6. This signal is
inverted by inverter U1610Fand applied to NAND-gate
U1510Dalong with the BA10signal . From U1510D, the out
put signal is applied to each RAM CS input (pin 8) . Thus, the
RAM IC's can be addressed only when bus address line 10
is high . This prevents an image of the RAM from falling be
tween addresses and 3FF, which would then cause it to
be written into in parallel with the microprocessor internal
RAM.

Data direction control is provided by the WR signal from
the read/write control logic on Diagram 5. When the WR
signal is low , data are written into the RAM; when WR is
high , data are read from the RAM. The WR signal ends
within 20 ns after the end of the Microprocessor ENABLE
signal so that the data will still be valid at the end of WR.

This prevents possible problems where delayed cutoff of the
ENABLEsignal could allow writing erroneous data .

GPIB Interface

The GPIB Interface circuits consist of the GPIB Interface
(U1102) and two GPIB Drivers ; one for data U1110, and
one for handshake and bus management lines U1100. GPIB
Interface U1102sends and receives data over the IEEE-488
data bus via GPIB Driver U1110, and communicates with

the Microprocessor , on Diagram 5 , via Bidirectional Buffer

Theory of Operation - FG5010

U1200. Data transfer is under the control of commands
from the IEEE-488 bus and control signals from various cir
cuits within the FG 5010.

GPIBInterface U1102is addressable from 1800 through
1FFF, but is accessible only from 1C00 through 1FFF. (A
read or write operation in the range of 1800 through 1BFF
would cause invalid data to be written into the interface IC
because the Bidirectional Buffer would not be enabled . ) The
normal address for the interface IC is 1C00through 1C07.
Eight register addresses are defined by the three register
select lines (RS0, RS1, and RS2).

GPIBInterface U1102requires that the address lines be
stable before enabling . Thus , enable delay is provided by a
combination of signals from Device Address Decoders
U1512and U1520 on Diagram 6. Decoder U1512provides
a low Y3 enable signal whenever the address is in the range
of 1800 through 1FFF. Decoder U1520 provides a low YO
output whenever the address is in the range of through
1FFF. However, one of the enable signals for U1520 is the
ENABLEsignal from the Microprocessor on Diagram 5 .
Thus , the U1520 YO output cannot be low until ENABLE
occurs . Signals YO from U1520 and Y3 fro U1512are ap
plied through OR-gate U1612Cto produce the U1102en
able signal (9914 CS) . Thus , U1102is selectable only during
the time that ENABLEis true , which allows the address to
stablize .

Data transfer on the output side of U1102are directly to
GPIB Driver U1110. These consist of DI01 through DI08,
which are on U1102pins 38 , 37, 36 , 35 , 34 , 33 , 32 , and 31,
respectively . Data transfer connections on the internal side
of U1102are directly to Bidirectional Buffer U1200. These
consist of D0 through D7, which are on U1102pins 10
through 17, respectively .

The interface IC receives its clock signal from the 4 MHz
Clock circuit on Diagram 5. U1102does not require syn
chronization with this clock signal however, since synchroni
zation is accomplished by the write enable signal (WR) from
the read/write control logic on Diagram 5 and the chip select
signal (9914 CS) from the Device Address Decoders on Dia

gram 6. These signals are applied to U1102, pin 4 and 3 ,
respectively . The read/write signal ( R/W) from the read /
write control logic on Diagram 5 is connected to the U1102
DBIN input ( pin 5) to control the direction of data flow
through U1102.

The interrupt output from pin 9 of U1102is applied di
rectly to the interrupt input of the Microprocessor on Dia
gram 5 ; the trigger output is applied to the Trigger Logic
circuits on Diagram 8 .
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Connected between the interface IC (U1102) and the
IEEE-488 bus , the GPIB Driver U1110is enabled in two

states . The pull -up enable signal applied to pin 11is sup
plied by OR-gate U1612D. Inputs to U1612Dare the atten

tion (ATN) and end of instruction ( EOI) commands from the

IEEE-488 bus through GPIB Driver U1100. Thus , the only
time the pull -up enable is low is when ATN and EOIare both
low at the same time , which occurs only during a parallel

poll . Driver U1110operates open-collector at that time , and
operates tri -state at all other times .

Connected in the same manner , GPIBDriver U1100pro
vides communication for handshake and bus management
signals . These include SRQ, ATN, EOI, DAV, NRFD, NDAC,
IFC and REN. The CONTsignal from U1102is continuously

high , configuring U1100 as a talker / listener rather than a

controller . The effect of the continously high CONTsignal is
to divert the ATN, REN and IFC lines toward U1102and the
SRQline out toward the IEEE-488 bus . ( For a controller , the
conditions would be opposite .)

8> KEYBOARD/ DISPLAYINTERFACE

PERIPHERALINTERFACEPORT

Introduction

Processor Board Diagram 8 contains the Keyboard/
Display Interface , Peripheral Interface Port , and Trigger
Logic circuits .

The Keyboard/ Display Interface circuits provide the seg
ment drive signals that are sent to the Display Driver Board
to control lighting of the display segments on the front pan
el, and also provide the signals that directly control the state
of the front panel TRIG'D, ERROR, and NOT ENTERED
indicators . The Versatile Interface Adapter circuits ; 1) ac
cept data from the Bidirectional Buffer , perform the transi
tion from parallel to serial data and provide that serial data
stream to other FG 5010 circuits ; 2 ) accept serial data from
those other FG 5010 circuits , perform the transition from
serial to parallel data , and provide those data to the
Microprocessor via the Bidirectional Buffer , 3 ) provide the
strobe signals that load serial data into the registers on oth
er FG 5010 boards ; and 4) provide several control signals to
the Keyboard/ Display Interface and Trigger Logic circuits .

Additional circuits on the diagram are the Trigger Logic
circuits that generate the trigger /gate signal for the Loop 2
circuits .

Keyboard / Display Interface

The Keyboard/ Display Interface circuits consist of two
segments : the Interface IC (U1830) , and the indicator con
trol logic .
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Interface IC. The interface IC accepts data from and
sends data to the Bidirectional Buffer on Diagram 7, accepts

data from the keyboard on Diagram 2 , and supplies signals

appropriate to control the front - panel indicators . In the case

of the segmented number indicators , this is done via the

Display Driver Board ( Diagram 3).

Interface U1830 is addressable in the range from 1000

through 17FF, but is accessible only in the upper half of that

range (from 1400 through 17FF) . Address line BA from the

Address Buffers on Diagram 6 is the only one used directly

by the IC; the addresses are ordinarily 1400 and 1401.The

RD and WR signals from the Read/Write Control

logic on Diagram 5 are both used by the IC. The select sig

nal for the IC is the 8279-5CS signal from Device Address

Decoder U1512on Diagram 6 and does not include EN
ABLE. Clock for the interface IC is the enable output ( EN

ABLE) from the Microprocessor on Diagram 5.

Parallel data connections to and from U1830 are on pins

12through 19, which are data bits through 7, respectively .
These data bits are supplied to and from Bidirectional Buffer
U1200 on Diagram 7. Inputs RLOthrough RL7on pins 38 ,

39 , 1, 2 , 5 , 6 , 7, and 8 respectively , are return lines from the

keyboard circuits on Diagram 2. Note that each of these

lines is isolated by a 10 k resistor to reduce static
sensitivity .

Outputs A0 through A3 ( pins 27, 26 , 25 , and 24) and BO

through B3 (pins 31, 30 , 29 , and 28) are the display segment
control signals and are applied to the Display Board Seg
ment Driver circuits on Diagram 3. Indicator select lines SLO
through SL3 (pins 35 , 34 , 33 , and 32) are also supplied as
outputs to those same circuits , as is the blank display signal
(BD, on pin 23 , inverted by U1630C). Inverting the BD signal
ensures that the display will be off if the Processor Board is
removed .

Indicator Control Logic . Integrated Circuit U1830 out

puts SLO, SL1, and BD are also used to partly control the

logic circuits that determine the states of the TRIG'D, ER

RORand NOT ENTEREDfront panel indicators shown on
Diagram 2. The control exerted by these signals is to pro
vide the blinking state .

NOTE

The TRIG'D_front-panel indicator operates in three
states : on, blinking , and off. When the trigger input is
above the threshold (positive slope) the indicator is
on; when the input is below the threshold (positive
slope), the indicator is off; when the input is making
the transition , the indicator blinks . For negative slope,
the indicator is on when the trigger input is below the
threshold and off when the input is above the thresh
old. The ERRORand NOTENTEREDindicators both
blink when on conditions are met , but are never on
continuously .
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Signals SLO, SL1, and BD are applied to NAND-gate
U1620B, which supplies the clock input to counter U1732.
Note that there is an rc filter ( R1731and C1731) on this
counter input line . The purpose of this filter is to eliminate
the effects of the positive -going glitch that exists on the BD
output of U1830 during the blanking time between 80 and
100 ns after the start of the blanking time while the U1830
internal data are changing . Resistor R1634acts as a pull -up
to ensure that the clock input to the counter is within
specifications .

Counter U1732 outputs Q5, Q6, and Q7 are applied to
NAND-gates U1730Aand U1730Bto provide a signal duty
cycle of 5/8 at the output of U1730Bfor a flashing cycle that
is pleasant to the eye. From U1730B, the output is applied
to AND-gate U1722 along with the LOGICRESETsignal
from the service interconnect connector (J1220) on Diagram
5. (This is done to ensure that the indicators will not light
during reset operations .) The output from gate U1722Bthen
is the signal that , gated by other signals , supplies the blink
ing component to the display . This signal is supplied to
gates U1612B, U1812A, and U1812B.

The PA2 output from Versatile Interface Adapter U1720,
inverted by U1630D, is applied as the second input to OR
gate U1612B. From U1612B, the output is applied along
with the PA3 signal ( also from U1720) to NAND-gate
U1812D, which supplies the direct control for the front - panel
TRIG'DLED indicator shown on Diagram 2. This arrange
ment provides that the inverted PA2 signal determines
whether U1612Bwill pass a blinking or a constant ( high )
signal to U1812D. If PA2 is high , the low output of U1630D
will cause U1612Bto pass the blinking signal to U1812D. If
PA2 is low , the high output of U1630Dwill force a constant
high output to U1812D. This signal , either blinking or high , is
then gated through U1812Dby a high PA3 output from
U1720. Thus , bit 3 of the U1720 A-register determines
whether the TRIG'Dindicator will be on or off , and bit 2 of
that register determines whether it will blink or light steadily
if it is on .

The PA1output from U1720, in combination with the out
put from U1722B, determines the state of the output of
NAND-gate U1812A, which controls the ERRORindicator .
If PA1is high , the blinking signal from U1722Bis gated to
the indicator . If PA1is low , the indicator is off .

The PAO output from U1720 and the output from
U1722Bcontrol the output of U1812B, and thus the NOT
ENTEREDindicator in the same manner .

Versatile Interface Adapter

Versatile Interface Adapter U1720, enabled by the 6522
CSsignal from Device Address Decoder U1512on Diagram

Theoryof Operation - FG5010

6 and clocked by the ENABLE signal from the Micro
processor on Diagram 5 transforms the bus parallel data to
a serial data stream and strobes the data into the Loop 1,
Loop 2 , or Sine Shaper circuits of the FG 5010.Also, U1720
transforms the serial return from Loop 2 to parallel data that
are sent to the Microprocessor via the Bidirectional Buffer
on Diagram 7.

Data input and output for U1720is the data through 7
lines connected to pins 33 , 32 , 31, 30 , 29 , 28 , 27, and 26,
respectively . These pin connections send data to and re
ceive data from Bidirectional Buffer U1200. Address selec

tion lines , 1, and 2 from the Address Buffers on Diagram 6
are connected to pins 38 , 37, and 36 , respectively . For prop
er timing , the fourth address line A3, is supplied unbuffered
to pin 35 from the Microprocessor on Diagram 5.

Strobe and control outputs from U1720include the PAO
through PA7 and PB0 through PB7 signals . As described
previously , the PAO, PA1, PA2, and PA3 signals are used in
the logic that controls the front - panel indicators . The PA4,
PA5, and PA6 signals will be discussed later in the Trigger
Logic description .

Output PA7 from U1720 drives the Mag Latch Strobe
Generator circuit (on Diagram 4) and is called LATCHTRIG
GER. This trigger output must be held low by U1720for the
duration of the mag latch strobe output of the strobe gener
ator . If MAGLATCHTRIGGERis allowed to become high
before the strobe ends , the strobe will be terminated . For

that reason , the trigger is held until a return is received from
the strobe generator . The return is the END OF STROBE
signal to CA1(pin 40) of U1720.

Outputs PBOthrough PB5 are the strobe output lines to
the various FG 5010 boards . PBO is the Output Amplifier
strobe and is called STROBEA (see Diagram 25). PB1 is
the Loop 1 strobe and is called STROBEL1 (see Diagram
10). PB2 and PB3 are the Loop 2 strobes and are called
STROBE2L2 (see Diagram 17) and STROBE1L2(see Dia
gram 19), respectively . PB4 is the Sine Shaper strobe and is

called STROBESS (see Diagram 20 ). Each of these strobes
causes data that have been serially shifted to the respective
board to be loaded into latches on the board .

Output PB5 is the Loop 2 status strobe and is called
STROBEL2 STATUS(see Diagram 19) . This strobe causes
status data for Loop 2 to be loaded into the shift register on
the Loop 2 Board and then shifted in serial form to U1720.

Signals CB2, PB6, and CB1 are used to control the
bidirectional transfer of serial data between the Versatile In

terface Adapter IC (U1720) and the other circuits of the
FG5010. Pin 19, CB2, is the data input and output connec
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tion . The direction of data transfer is controlled by the PB6
signal and the shift register control bits in the Auxiliary Con
trol Register of U1720.

When PB6 is high , tri -state buffer U1232B is disabled
and CB2 is set ( in U1720) as an output to shift data out . The
output data stream is buffered by AND-gate U1722C, which
includes a pull -up resistor on its output ( R1902) to ensure
the proper logic levels . The SHIFT CLOCKoutput comes
from CB1, which is inverted twice by U1800Aand U1610D.
Inverter U1600D serves as the output buffer .

When PB6 is low , tri - state buffer U1232Bis enabled and

CB2 is set (in U1720) as an input to receive serial data from
Loop 2. Data from Loop 2 (Diagram 19) are inverted by
U1610E, then applied to the D input of flip -flop U1810A. The
flip -flop , clocked by the inverted U1720CB1output , delays
the input data by half a clock cycle . From U1810A, the Q
output is applied through tri -state buffer U1232B, which
again inverts the signal , to U1720input CB2.

The reason for the half -clock -cycle delay is that U1720
shifts data in on the positive -going clock edge. However, the
shift registers also shift data on the positive -going edge.
Thus, dependent upon set -up times and internal delay
times , U1720may or may not accept the first input data bit .
To prevent loss of the first bit , each data bit is delayed one
half clock cycle by U1810A. The CB1shift clock is inverted

U1800Aand applied to the clock input of U1810A, which
latches data on the rising clock edge. The inversion in
U1800Acauses U1810Ato latch the data bit present at the
D input on the negative transition of CB1and hold that data
until the next negative transition . This causes the data at
CB2 to remain stable during the positive transition of CB1,
preventing data loss .

Trigger Logic

The Trigger Logic , under control of signals from the Ver
satile Interface Adapter U1720, produces the TRIG/ GATE
OUTsignal that is supplied to the Loop 2 Trigger / Gate Input
Amplifier circuit on Diagram 15. Outputs PA4, PA5, PA6,
and CA2from U1720provide the control . PA4 is applied to
the D input to flip -flop U1810B. If enabled by PA5 and the
TRIGinput from GPIB Interface U1102on Diagram 7, CA2
from U1720 clocks the flip -flop . (In U1800D, PA5 deter
mines whether or not the TRIGinput signal will be allowed
to gate the CA2 clock through gate U1800C to flip -flop
U1810B.)

Output PA6from U1720controls whether a trigger signal
or a gate signal will be supplied to Loop 2. If PA6 is high ,
flip -flop U1810Bis held reset . The Qoutput is thus high and
the signal from U1800C is gated through U1800B and
U1812C.

4-56

If U1720 output PA5 is low , the TRIG input from the
GPIB Interface IC on Diagram 7, which pulses high on a
Group Execute Trigger , is disabled . The output of gate
U1800D is then high and a negative -going CA2 pulse will
cause a positive -going pulse at the U1800C output . This
positive -going pulse is then inverted twice , once by U1800B
and once by U1812C, and applied out to the Loop 2 trigger
circuit . Thus , if the user presses the front -panel trigger
switch to put the FG 5010 in trigger mode , and then presses
the front -panel manual trigger switch , the Microprocessor
will cause a negative -going pulse from CA2, which will be
gated through U1800C, U1800B, and U1812Cto become a

positive -going output trigger /gate pulse (see Fig . 4-20 ).

When the DT TRIG command is received by the
FG5010, the Microprocessor will cause PA5 to be set high .
This will enable the TRIGoutput from the GPIBInterface IC.
The TRIGoutput becomes high when a Group Execute Trig
ger is received and remains high during the time that the
Group Execute Trigger is actually present on the bus . Thus ,
from the time that data are declared valid on a Group Ex
ecute Trigger , plus or internal clock cycles for the GPIB
Interface IC, there will be a signal present on the TRIGinput
line .

If PA5 is high , that positive -going trigger becomes a neg
ative -going trigger at the output of U1800D. With that low
from U1800D and a high CA2 output from U1720, the
U1800C output will be high . The signal will be inverted
twice , once by U1800B and once by U1812C, and applied
out as a positive -going trigger /gate pulse to the Loop 2 trig
ger circuit (see Fig . 4-21).

When a gate is required rather than a trigger , the PA6
U1720output is set low . This removes the reset from flip
flop U1810Band cause a high output from U1800B. The
high output from U1800B applies a high input to U1812C,
which then acts as an inverter for whatever signal is at the
Qoutput of flip -flop U1810B.

When a manual gate is required , PA5 is set low . With
PA5 low , the output of U1800D is high and CA2 is inverted
by U1800C. Setting PA4 high and clocking flip - flop U1810B
by pulsing CA2 low causes the high on PA4 to be loaded
into the flip -flop . The flip - flop Q output is thus driven low ,
inverted by U1812C, and a high is supplied to the Loop 2
trigger circuit . That high remains until PA4 is changed to a
low and CA2 is pulsed low again . That low is clocked into
the flip -flop , placing a high at the Qoutput , which is inverted
by U1812Cand becomes a low at the trigger / gate output to
Loop 2. (see Fig.4-22).

When the DT GATE command is received by the
FG 5010, output PA5 from U1720 is set high . When this
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occurs , a TRIGpulse from the GPIB Interface IC will cause
the output of U1800D to become low (TRIGis active high ).
This TRIGpulse is generated during the time that data valid
is true on the Group Execute Trigger multiline signal . (The
leading edge of the signal becomes high between 1 and
1 1/4 •s after data valid ; that is , 4 to 5 clock cycles after
data valid is asserted on the Group Execute Trigger byte .)
When TRIG becomes high , the Q output of U1810Bbe
comes low (the U1720CA2 output will be in its normal high
state ), and the output of U1800C will become high . The
positive -going clock edge will have clocked flip -flop U1810B.
In this manner , when the Group Execute Trigger occurs , it
will cause the trigger /gate output to Loop 2 to be high . (see
Fig. 4-23 ).

The Microprocessor will then determine what caused the
Group Execute Trigger interrupt , and set PA4 back to the
low state . Thus, the next time that the Group Execute Trig
ger is received , the output gate will be turned off (low ).

U1800B
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R
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Fig. 4-20 . Generation of trigger from front panel ( MTRIGcommand ).
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The output gate can be toggled by consecutive Group
Execute Triggers since , each time the Microprocessor re
ceives a Group Execute Trigger , it examines the signal that
is fed back as PB7 to determine whether or not the PA4

signal was accepted . If it was , the output is set to turn the
gate on (or off) , and the PA4 signal is inverted . Thus , the
hardware actually causes the FG5010 output to be turned
on or off with timing that varies approximately 1 •s from the
timing of the Group Execute Trigger on the bus , while the
software is still in control of actual operation .

(9) ROM/ ADDRESSSWITCH

Introduction

Processor Board ( Diagram 9) contains the ROM and De
vice Address circuits , plus the bus buffers for both of these
circuits , and the power connections for the board .
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The ROM circuits provide the required fixed data storage
capacity in read- only configuration for FG 5010 operations .

Three ROM IC's are used to provide storage addresses
from A000 through FFFF. A tri -state buffer is included to

drive the output data on the bus . The Device Address cir

cuits provide the facilities for the user to manually assign the
address for the FG 5010 and that address to be read out

under microprocessor control over the FG 5010 data bus .

As with the ROMs, a tri -state buffer is included for bus

drive .

Read-Only Memory

Three masked ROMs (U1540, U1440, and U1332) are
used for fixed data storage . All three are supplied with buff
er address lines BAO through BA12from the Address buff

ers on Diagram 6. Each of the three is clocked by a separate
enable line (chip select ) from Device Address Decoder

U1520 (Diagram 6) . Each enable line is identified with the

10
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6
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9
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Fig . 4-21. Generation of trigger from IEEE-488 bus <GET> command .
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initial (low order ) address of the associated ROM. Thus ,

A000 ROMCS enables ROM U1540, C000 ROMCS en

ables ROM U1440, and E000 ROMCS enables ROM

U1332.

Note that the ROM enable signals must occur with EN

ABLEand that there must be time during which the enable

signals are not high so that the ROM ICS can precharge for

the next cycle . Thus ENABLEis included as an input to the
address circuits of Device Address Decoder U1520 ( Dia
gram 6).

Output data read from each ROM are supplied through

the data bus to the Microprocessor ( Diagram 5 ) from pins 9,
10, 11, 13, 14, 15, 16, and 17as signals RD0 through RD7,

respectively .
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Patch EPROMU1640 provides for programming flexibil
ity . When the data in a particular ROM address must be
changed , the new data can be programmed into the Patch
EPROM and substituted whenever the no- longer -valid ad
dress is selected . Addresses to be patched are detected by
Field Programmable Logic Array ( FPLA) U1420 ( Diagram 6).
When a ROM address for which the data were modified is
detected by the FPLA, its FLAGoutput becomes low , which
disables Address Line Buffer U1312and Address Decoder
U1520 (both on Diagram 6 ) and enables Patch EPROM
U1640. At the same time , the FPLAfunction outputs ( FO
through F7) become active and supply address bits BA3
through BA10, which are normally provided by the Micro
processor via buffer U1312. Address lines BAO, BA1, and
BA2 are provided by the Microprocessor as usual . This ar
rangement maps in eight -byte blocks of the Patch EPROM
data whenever address lines A3 through A15equal one of
the addresses programmed into the FPLA.

10

Note that for the FPLAto detect an address , both the
VMA signal from the Microprocessor ( Diagram 5) and the
ROMDIS signal from the service interconnect connector
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U18120
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P1050-5B
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TRIG/

Fig . 4-22 . Generation of gate from front panel or GATEON/ GATEOFFcommand .
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(also on Diagram 5) must be high , and the Normal / Disable
Patch jumper on Diagram 6 must be in the Normal position .
When patching occurs , substitute data bytes are read onto
the data bus just as ordinary ROM data would be . Address
es for the Patch EPROM, when not selected by the FPLA,
are in the range from 9800 through 9FFF.

Tri-state data bus buffer U1330 operates as a uni
directional buffer since its data are from read -only memo
ries . It is enabled only during a read cycle by the RD signal
from the Read/Write Control Logic (Diagram 5) being ap
plied as one of the two enable signals . This provides that
there will be no possibility of bus contention by the ROM
circuits . (Since the ROMs are addressed during either a
read or a write operation , ROM data are present at the
U1330 buffer input ; but the disabled buffer prevents these
data from reaching the bus .)

The second enable for the buffer is the FI signal applied
through NAND-gate U1730D in combination with buffered
address bit BA15. The FI signal ( Forced Instruction ) is from
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jumper P1210on Diagram 5 and is forced low during Kernal

testing .A low FI signal disables buffer U1330, thus allowing
complete ROM testing .

This arrangement provides that , whenever address line

BA15is high , the FI signal is high , and a read operation is
selected ( RD is low ), buffer U1330will supply the addressed
ROM or Patch EPROM data to the Microprocessor (Dia
gram 5) via the data bus . Thus , the buffer is enabled for

addresses in the range from 8000 through FFFFduring a
read operation when the Kernel test configuration is not
selected .

L

Address Switch

The Address Switch circuits consist of six manually oper
ated switches that are accessible through cutout in the

FG5010 rear panel . These switches allow the user to as
sign the IEEE-488 bus address of the FG5010. All six
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switches are contained in switch module S1121and are as

signed binary weights with section 1 being the least signifi

cant . A pull -up resistor is connected to each line to provide

the proper high - logic level . The resistors are all contained in

resistor pack R1121.

Like ROM/ Patch EPROMbuffer U1330, tri -state buffers

U1230 and U1232Aoperate as unidirectional buffers since

the data are read from switches . The Address Switch cir

cuits are thus accessed by the ADDRESSSWITCH EN

ABLE signal applied to AND-gate U1722D from Device
Address Decoder U1520 (Diagram 6) or the FI signal , also
applied to U1722D, from jumper P1210on Diagram 5. (The
ADDRESSSWITCHENABLEsignal occurs only in the ad
dress range between 2000 and 3FFF. The FI signal is low

only during Kernel testing and causes the Microprocessor to
read the Address Switch output at all addresses .) From
U1722D, the output is applied to OR-gate U1612Aalong
with the RD signal from the Read/Write Control Logic on
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Diagram 5. Thus , the RD signal allows the buffers to be
enabled only during a read operation . This prevents the bus
contention that would result if a write operation were select
ed while the FI signal is low (during Kernel testing ).

Note that data outputs D0 through D5 are produced by
the Address Switch circuits . Data bits D6 and D7 are pro
duced by Sa/ Cal/ Norm jumper P1121. In the normal jumper
position , both D6 and D7 outputs on the bus are low (high
into buffer U1232Abecause of the pull -up resistors ) . In the
Cal position , the CALinput to U1232Ais low , which results
in a high output on the data bus for D6 . This causes the
FG5010to assume the calibration mode at power-on . In the
Sa position , the SA input to U1232A low , which results in

a high D7 output . This causes the FG 5010 to assume the
signature analysis mode at power-on .

(2 ) FRONT-PANELSECTION

The front -panel circuits are depicted on diagram 2 at the
rear of the instruction manual . Refer to this diagram while
reading this description . The circuits depicted consist of

three sections . The first is the keyboard , which consists of
the 43 control keys of the FG 5010.The keys are connected
in a matrix to allow the keys to be scanned and debounced
by the keyboard and display interfaces . The column and row
lines from the keys are connected to the interface bus for
use by the CPUcircuits .

DISPLAYSECTION

The second of the circuits is the segmented display ,
which consists of six 7-segment units (one of which displays
the exponent , and another that displays the sign of the
exponent ). All of the display units are driven by the same
source in a time -share method , which refreshes the

complete array of display units at a refresh rate of 100 Hz.
This rate is well above the flicker rate that is discernible to

the eye, so the display appears to be continously
illuminated .

The third of the front -panel circuits is the LED indicator
section , which consists of 32 LED lamps that indicate the
status of the various functions . Twenty-nine of these lamps
are controlled by the same selection matrix as that
controlling the segmented display units . Thus , these lamps
also illuminate on a time -share basis at a 100 Hz refresh

rate . The three remaining lamps , which illuminate the
TRIG'D, ERROR, and NOT ENTERED indicators , are

directly driven by the CPU circuits .

@
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Power Supply Connections

Power is supplied to the Processor Board through edge
connector P1010, pins 1A, 1B, and 2A; ground is connected
through pins 3A, 3B , 4A, 4B , 5A, and 5B. Parallel lines are
used for the power connections to reduce voltage drops
across the connectors . Capacitors C1900 and C1920 and
inductor L1910are a pi LC filter network to reduce the noise
applied from the Processor Board to the rest of the FG 5010
over the +5 V bus . In addition to C1920, distributed capaci
tance throughout the Processor Board is used to provide
the return path for the high -frequency noise currents gener
ated by the logic elements .

(3 >FRONT- PANELDRIVE

Display Decodor

The decodor consists of four -to -ten -line decoders U1134
and U1230, the latter of which is connected as a three to

six -line decodor . These units are driven by the four select
lines from the CPU ( lines SLO, SL1, SL2, and SL3) . The
lines are cycled in binary order from all zeroes through all
ones. (SLO is the least significant bit , and SL3 is the most
significant bit .) Since the cycle rate of the select lines is
100 Hz (i.e., the lines go from all zeroes to all ones in
10 ms ) , each of the outputs of U1134 is low for about
640 •s during each 10 ms period . Since SL3 does not go to
U1230, only outputs through 7 are active . Each active
output of U1230 is low for about 640 ‚s twice during each
10 ms period .

From the output of U1134, lines through 8 drive the
base of Display Driver transistors Q1011through Q1020,
respectively . These nine drivers control the current to the
front - panel indicators and numerals .

Line 9 of the decoder furnishes a trigger to one-shot
U1232B. The period of this one-shot is set by C1222 and
R1224to be slightly longer than the 10 ms recurrence time
of the incoming trigger . Thus , if the front panel is being re
freshed at the proper rate , the output of U1232B is
continously low . If the Display Driver circuit on the CPU
board is not operating properly , the trigger from U1134will
hot occur , and U1232B will not continue to cycle . The out

put of the one-shot will move high , and the current to the
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segments will be cutoff . This protects the segments against
the excessive current that would otherwise be applied to a
single segment if the cycling stopped .

The output of U1232Bis fed through U1234B, which per
mits blanking control of the display by the CPU circuit . The
output of inverter U1234A, pin 1 , is the complement of the
one-shot output plus the blanking input . The inverter drives
Q1136, which provides the required current gain for follow
ing circuits . When the base of Q1136is pulled low , it con
ducts to change the impedance at the base of Q1135to be
the parallel combination of R1132and R1133. When Q1136

is cutoff , R1133is the Q1135base impedance . Transistor
Q1135, capacitor C1131, and resistors R1132and R1133

form a Miller Integrator . This smooths out the sharp transi
tions from Q1136that would otherwise be passed to the

Segment Driver stages . When conducting , the collector of
Q1135furnishes the drain current paths through resistor
pack R1131for the Segment Buffer stages , Q1121through
Q1134.

4-62

Decoder U1230 converts the SLO, SL1, and SL2 signals
from three -line to seven-line , one of which signals is not
used . Cycling time for the three input signals is on the order
of 5 ms , so each of the output lines is low for about 640 €s.
These lines successively enable each column of the front
panel keyboard for sampling by the CPU circuits .

Segment Buffer

The SEG 1 through SEG 8 signals from the CPU enter
the Display Driver board through P1110pins 9B , and 12A
through 15B, respectively . From there , each of the signals is
applied to the gate of a field effect transistor . These are
Q1121through Q1134. Drain current for these stages is
supplied by Q1131through R1131, as explained earlier .

From the source of each stage , each signal is applied to a
common emitter integrator output stage . The integrator ac
tion reduces sharp transitions that would introduce noise
into the rest of the instrument .
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PERFORMANCECHECKPROCEDURE

Introduction

This procedure checks the electrical performance re
quirements as listed in the Specification section in this man
ual . Perform the adjustment procedure if the instrument fails
to meet these checks . If readjustment does not correct the
discrepancy , circuit troubleshooting is indicated . Also, use
this procedure to determine acceptability of performance in
an incoming inspection facility . For convenience , some
steps in this procedure check the performance of these in
struments at only one value in the specified range . Any val
ue within appropriate limits , may be substituted . The
performance check may be done at any ambient tempera
ture between ‚ C and + 50 ‚ C.

Description

Power Module

Oscilloscope System

Differential Comparator
Amplifier

Sampling System

Spectrum Analyzer

Distortion Analyzer

Precision Digital Voltmeter

Precision ƒA Meter

Square Wave Generator

Universal Counter / Timer

Digital Multimeter

REVJUL1982

Minimum

Requirement

Table 5-1
TESTEQUIPMENTREQUIRED

Two Compartments GPIB

Compatible

Minimum Vertical Deflection Factor ,

.5 V/ div . Fastest calibrated Sweep
Rate, .05 ƒs.

0.1% of Setting +3 mV

1 GHz Bandwidth

10 ns Risetime

Frequency range , 100 kHz to
20 MHz 30 dB resolution

Frequency Range, 20 Hz to
100kHz

5 1/2 digits to 10ƒV

5 1/2 digits to 10ƒA

+1V to 1V 1 kHz Square Wave

Range - To 20 MHz freq ,
Function - Time A„ B period

4 1/2 digits to …35 Volts

Test Equipment Required

The test equipment listed in Table 5-1, or equivalent , is
suggested to do the performance check or adjustment
procedure .

In the following procedures , all test conditions for the
FG5010 are power up conditions unless otherwise
specified .

Perf.

Check

Step

All Steps

2,7,8,9,10,13

2

LO5

4

4

1,6,8,11,12

3

†‡ˆ‰

Adj .
Proc.

Step

All Steps

7,8,10,13,14,

15,16,18,19,

20,21,22,24

7,8,10,13,14,

15,16,18,19

20,22,24

21

23

Section 5- FG5010

4,5

6

8,25

11,12,25

1,2,3,9,17,19

Recommended

Equipment

TEKTRONIXTM 5003

TEKTRONIX7704A/

7A16A/7B50A

TEKTRONIX7A13

TEKTRONIX7704A/

7S11/ S-1/7T11

TEKTRONIX7704A/
7L12

TEKTRONIXAA501

Fluke 8502A

Fluke 8502A Opt 3

TEKTRONIXFG 503

TEKTRONIXDC503A

Prec DVM
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Performance Check Procedure- FG5010

Description

Function Generator

Power Supply

Oscilloscope Probe

FETOscilloscope Probe

Circuit Board Extenders

Precision 50 22 Termination

50 2 Feed Through
Termination

Precision 50 2 Coaxial

Cable (2)

Bnc T Connector

Delay Line

10X Attenuator

Bnc to GR Adapter

Frequency Range - .002 Hz to

20 MHz

Amplitude - 250 mV to 5 Volts

Offset - 100 mV to +600 mV

Range To +10Vdc

X1 1 MQ

X101 M 1.5pF

€0.1% to 500 kHz

Minimum

Requirements

€ 1% to 20 MHz

45 ns

Table 5-1 (cont )

Bnc Connectors , 36 inch

5-2

Preparation

1.Make certain the power module line selector is set to

the correct voltage ( refer to power module instruction
manual ).

2. Connect the power module line cord to a suitable volt
age source .

4. Turn the power module on.

3. Insert the FG 5010 into any two compartments of the
power module .

1.Check Frequency Accuracy

a. Connect a precision 50 coaxial cable from the
FG 5010 TRIG OUTPUT connector to the Frequency
Counter input .

b . Set the FG5010 amplitude to 6.32 volts .

Perf.

Check

Step

8,9,10

11,12

2

2

All Steps

2,7

2

6

7,8

21

All Steps

Adj .
Proc.

Step

All Steps

25

21

13,14,15,16,18Tektronix Part

No. 011-0129-00

Recommended

Equipment

TEKTRONIXFG 504

TEKTRONIXPS 503A

TEKTRONIXP6101

TEKTRONIXP6201

Tektronix Part

No. 067-1041-00

Tektronix Part

No. 011-0049-01

h . Press the GATEbutton .

Tektronix Part

No. 012-0482-00

i . Select minus ( - ) SLOPE.

Tektronix Part

No. 103-0030-00

Part of 067-1041-00

Tektronix Part

No. 011-0059-02

c. Press the OUTPUTON button .

Tektronix Part

No. 017-0063-00

d . Set the FG 5010 frequency to any value below
200 Hz.

e. CHECK- the frequency displayed on the counter
reads within 0.1% of the selected value .

f . Set the FG 5010 frequency to any value above
200 Hz.

g. CHECK- the frequency displayed on the counter
reads within 0.1% of the selected value .

j . Set the FG5010 frequency to any value below 200 Hz.
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k . CHECK- the frequency displayed on the counter
reads within 0.1% of the selected value .

1. Set the FG 5010frequency to any value above 200 Hz.

m . CHECK- the frequency displayed on the counter
reads within 5% of the value selected .

n . Remove all connections .

2. Check Amplitude Accuracy

a. Set FG5010 to Triangle Waveform

6.32 V
OFF
CONT
50 kHz

Offset
SYM
MODE

Freq

Set 7A13to 10 mV/ DIV

Position the trace at the center graticule line .

b . Connect the FG 5010 to the 7A13+ input with a 50
bnc cable terminated with the 50 precision termination .

c. Set the 7A13 input to Vc. Set Vc to

d . Adjust Vc to position the positive peak of the wave
form at the graticule center line . Note the Vc voltage .

Werk

e. Change the Vc voltage to + . Adjust the Vc until the
negative peaks are at the center graticule line . Note the Vc
voltage .

f . The sum of the absolute values of the voltages in
steps d and e is the actual p-p voltage plus the offset of the
FG5010.

g . Check that the p-p amplitude is :

Selected Amplitude / 2 • (specified accuracy ). (The
amplitude is divided by two because of the 50
termination and the 50 output impedance of the
FG5010.)

h . Check Offset With Output Signal .

REVJUL1982

i . Determine the actual peak voltage from step f :

peak Voltage = p-p voltage / 2 .

Performance Check Procedure- FG5010

j . Determine Offset :

Offset = (Largest absolute value from steps d or e)
-- peak Voltage.

k . Check that the Offset is • (specified value )/ 2 or less .

1. Determine sampling correction factor :

Use the same FG 5010 settings .
Install a 7S11with an S- 1 head and a 7T11.
Set the 7S11to 5 mV/ Div .
Connect the 7S11 Offset output to the Digital
Voltmeter .
Center the trace on the 7S11.

m . Connect a 50 coaxial cable from the FG 5010

through the 10X attenuator to the input of the S-1 using a
bnc to GR adapter .

n . Adjust the DC OFFSETto position the positive peak
of the signal at the graticule center . Note the offset voltage
on the Digital Voltmeter .

o. Adjust the DC OFFSETto position the negative peak
of the signal at the graticule center . Note the offset voltage
on the Digital Voltmeter .

p . Add the absolute value of readings in steps n and o.
This equals the actual p- p voltage .

q . Determine the correction factor :

Sampling correction factor = Value in step f

Value in step p

r. Use the sampling system and its correction factor to
check the triangle amplitude accuracy between 0.5 MHz
and 1 MHz, between 1 MHz and 5 MHz, and between
5 MHz and 20 MHz.

s . Repeat steps b through r to verify the amplitude accu
racy of the sine wave and the square wave.

3. Check Offset Accuracy

a. Connect a precision 50 coaxial cable from the
FG 5010 OUTPUTconnector to a digital multimeter set to
measure dc volts .

b . Set the FG5010 amplitude to zero.
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Performance Check Procedure- FG5010

c. Set the FG 5010 OFFSETto any value from -7.5
volts to +7.5volts .

d . CHECK- the voltage displayed on the multimeter is

programmed offset (1% + 20 mV).

e. Connect a precision 50 termination between the

50 cable and the multimeter input .

f. CHECK- the voltage displayed on the multimeter
reads :

selected value € ( 1% + 20 mV)
2

g . Remove all connections .

4. Check Sine Distortion

a. Connect precision 50 coaxial cable and a preci
sion 50 2 termination from the FG 5010 OUTPUTconnector

to the distortion analyzer input .

b . Set the FG 5010 OFFSETto zero volts .

c . Set the FG 5010 amplitude to 6.32 volts .

d . Select CONTMODE.

e. Select SINE function .

f . Set the FG5010 frequency to any value from 20 Hz to
19.99kHz.

g. CHECK- Total Harmonic Distortion ( THD) is within

0.5 percent .

h . Set the FG 5010 frequency to any value from 20 kHz
to 99.99 kHz.

i . CHECK- THD is within 1.0percent .

j . Remove connections to the distortion analyzer.

5-4

k . Connect the precision 50 coaxial cable and 50

feed through termination from the FG 5010 OUTPUTcon

nector to the spectrum analyzer input .

1. Set the FG5010 frequency to any value above
100 kHz .

m . CHECK- all harmonics are at least 30 dB below the

fundamental frequency .

n . Remove all connections .

5. Check Square Wave Output

a. Connect a precision 50 cable from the FG5010

OUTPUTconnector to the sampling system input .

b . Select SQUAREfunction .

c. Set the FG 5010 frequency to 1 MHz.

d . CHECK- the risetime is <10ns.

e. CHECK- the falltime is <10 ns .

f . CHECK- aberration is less than (5% of peak-to-peak

amplitude + 20 mV).

g . Remove all connections .

6. Check Symmetry Accuracy

a. Connect a precision 50 coaxial cable from the

FG5010 OUTPUTconnector to the frequency counter

input .

b. Select SQUAREwaveform .

c. Set the FG5010 to any frequency between .002 Hz
and 1.999MHz.

d . Set the FG5010 to any symmetry between 10% and
90%.
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e. CHECK-( positive duration ) is within 2% of the se
lected symmetry value .

f . Set the FG5010 frequency to any value between
2 MHz and 20 MHz.

Select only FREQ/SYM combinations that allow at
least 25 ns triangle transition time .

NOTE

g . CHECK-(positive duration ) is within 3% of the select
ed symmetry value.

h . Remove all connections .

7. Check Phase (TRIG, GATE, and BURSTmodes )

a. Connect the square wave generator output to the
FG5010 TRIG/GATEIN . Set the square wave generator for
an output pulse that varies from V to +1V.

b . Connect the FG 5010 OUTPUTto the 7A13 + IN
PUT. Set the FG 5010 as follows :

FREQ
AMPL
MODE
FUNCTION
PHASE

•1 MHz

6.32 V
TRIG
TRIANGLE

Any Value Between ‚ 90 ƒ

Set the square wave generator to 10 kHz and the
FG5010 to 100 kHz . Obtain a visible triggered output
from the FG5010.

REVJUL1982

c. Set the 7A13Volts / Div to 20 mV and the + and
inputs to GND. Set the oscilloscope trace to the center grat
icule line .

d . Set the input to dc and the input to Vc.

e. Vary the Comparison Voltage and note the voltages
designated in Fig . 5-1.

V1

Phase

Performance Check Procedure- FG5010

+ 80 ƒ

V2

f. Use the following formula to check that the FG 5010
phase accuracy is ‚ 3 ƒ or less for frequencies <500 kHz:

2(V„ ) (V…) (V…)

2(V…) (V3)
X 180ƒ

+ 7ƒ +

Fig. 5-1. Phase measurements .

-

V3

g . If the selectable frequency is above 1 MHz, set the
phase between :

f

(20MHz †40-)

3467-49

h . For frequencies > 500 kHz , the phase accuracy is :

X 20 X setting20 MHz

NOTE

The 7S11/7T11Sampling System must be used for
frequencies greater than 1MHz.

i . Connect the FG 5010 OUTPUTto the 7S11input us
ing a precision 50 2 cable and a 10X attenuator .

j . Set the 7S11Volts/ Div switch to 5 mV.

k . Connect the 7S11input and adjust the DC OFFSET
to position the trace to the center graticule line . Note the
reading on the DVM.

1. Using the diagram in Fig . 5-1, find the change in volt
age (from the reference in step k ) to each of the voltage
points . Use the formula in step f to calculate phase.
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8. Check Phase (Phase Lock)

a. Connect a precision 50 2 coaxial cable from the func

tion generator output to the FG 5010 TRIG/GATE IN
connector .

b . Connect a precision 50 coaxial cable from the
FG5010 TRIGOUTPUTconnector to the counter input .

c . Set the FG 5010 FUNCTIONto TRIANGLE.

d . Set the FG5010 MODEto PH LOCK.

e. Set the function generator to any frequency between
20 Hz and 9.999 MHz.

f. Set the function generator to produce a 4 volt peak -to
peak square wave about a zero volt reference .

g. Set the FG5010 PHASEto any value between € and+90 € .

h . CHECK- frequency out equals frequency in .

i . Set the function generator to any frequency above
10 MHz.

j . Set the FG5010 PHASEto any value between € and
• 45 €.

k . CHECK- frequency out equals frequency in .

1. Set the function generator to any frequency between
20 Hz and 34 kHz.

m . CHECK- output is the selected phase • (5% + 2 €) .

n . Remove all connections .

9. Check Trigger Sensitivity

a. Connect a precision 50 ‚ coaxial cable from the func
tion generator output to the FG 5010 TRIG/GATE IN
connector .

5-6

b. Connect a precision 50 coaxial cable from the

FG 5010 OUTPUTconnector to the oscilloscope vertical
input .

c . Set the FG5010 to plus ( +) SLOPE.

d . Set the FG 5010 to TRIGMODE.

e. Set the FG 5010 frequency to 20 MHz.

f. Set the function generator to any frequency between
.002 Hz and 20 MHz.

g . Set the function generator amplitude to 250 mV peak
to-peak .

h . Vary the function generator offset from +300 mV to
+700 mV if P1032 on Loop 2 is set to 0.5 V ( ƒ200 mV to
+200 mV if P1032 is set to V).

i . CHECK- an output signal is displayed within this
range .

j . Set the FG5010 Trigger Threshold Level to zero volts .

NOTE

Refer to the Loop 2 Board Adjustment Location dia
gram in the pullout pages for the location of this
jumper (P1032).

k . Set the FG 5010 to minus ( - ) SLOPEand repeat
step j .

I. Remove all connections .

10. Check Amplitude Modulation

a. Connect a precision 50 M coaxial cable from the func
tion generator output to the FG 5010 AM INPUTconnector .

b . Connect a precision 50 coaxial cable from the
FG5010 OUTPUTconnector to the oscilloscope vertical
input .
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c. Select SINE waveform .

d . Select CONTMODE.

e. Set the FG5010 frequency to 1 MHz.

f . Set the FG 5010 amplitude to 6.32 volts.

g . Set the FG 5010 AM function on .

h . Set the function generator frequency to 100 kHz.

i . Set the function generator to produce a 5 volt peak - to
peak sinewave about a zero volt reference .

j . CHECK- the displayed output has at least 100%
modulation .

k . Turn AM function off .

1. Remove all connections .

11.Check Frequency Modulation

a . Connect a precision 50 coaxial cable from the
FG5010 TRIGOUTPUTconnector to the counter input .

b . Connect a cable from the power supply to the
FG 5010 FM/VCFINPUTconnector .

c. Set the power supply to zero volts .

d . Set the FG5010 frequency to 1 MHz.

e. Select SINE waveform .

f . Select CONTMODE.

g . Activate the FG 5010 FM function .

h . Note the frequency displayed on the counter .

i . Set the power supply to +1volt .

REVJUL1982
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j . CHECK- the frequency displayed on the counter is at
least 1.0% higher than the frequency noted in part g .

k . Set the power supply to ƒ1 volt .

I. CHECK- the frequency displayed on the counter is at
least 1.0% lower than the frequency noted in part g .

m . Vary the power supply from „3.5 volts to +10volts .

n . CHECK- the frequency changes throughout this
range .

o. Turn the FM function off .

p. Leavethese connections for the next step .

12. Check Voltage Controlled Frequency (VCF)

a. Set the power supply to zero volts .

b . Set the FG5010 frequency to 20 MHz.

c. Activate the FG 5010 VCFfunction .

d . Set the FG 5010 frequency to Hz.

e. Note the frequency displayed on the counter .

f . Set the power supply to +10volts .

g . CHECK- the frequency displayed on the counter is at
least 1000 times the frequency notes in part e.

h . Vary the power supply from volts to +10volts .

i . CHECK- the output frequency changes throughout
this range .

j . Set the FG 5010 frequency to 20 MHz.

K. Vary the power supply from volts to -3.5 volts .
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Performance Check Procedure- FG5010

1. CHECK- the output frequency changes throughout
this range .

m . Turn the VCFfunction off .

n . Remove all connections .

5-8

13. Check Trigger Output

a. Connect a precision 50 coaxial cable from the
FG5010TRIGOUTPUTconnector to the oscilloscope verti
cal input .

b . Set the FG5010 frequency to 1 MHz.

c. CHECK- the trigger output switches from , € 0.1
volts to at least 2 volts .

This completes the Performance Check Procedure.
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INTERNALADJUSTMENTPROCEDURE

c. Change the + lead of the dvm from TP1420 to
TP1610.

Introduction

This procedure should be performed if the instrument
fails to meet the performance requirements of the electrical
characteristics listed in the Specification section of this man
ual . To ensure continued instrument accuracy , it is recom
mended that adjustment be performed every 1000 hours of
operation or every 6 months if used infrequently . Adjust
ment is also recommended following instrument repair or
modification . The adjustments must be made at an ambient
temperature of +20 ƒ C to +30 ƒ C.

Services Available

Tektronix , Inc. provides complete instrument repair and
adjustment at local field service centers and at the factory
service center . Contact your local Tektronix field office or
representative for further information .

Test Equipment Required

The test equipment (or equivalent ) listed in Table 5-1 in
the Performance Check section of this manual is required
for adjustment of the FG 5010. Specifications given for the
test equipment are the minimum necessary for accurate ad
justment . All test equipment is assumed to be correctly cali
brated and operating within specification . If other test
equipment is substituted , the adjustment may need to be
altered to meet the requirements of the equipment used .

Adjustment Access

Operate the FG 5010 on two extender cables (refer to
Table 7-2 for Tektronix Part No.) outside the power module .
Remove the side covers , top , and back panel of the instru
ment to gain access to all adjustments . Adjustments on the
Sine Shaper board may be accessed by removing the right
side cover . An extender kit ( refer to Table 7-2 for Tektronix
Part No.) is necessary to gain access to the Loop 1 and
Output Amplifier circuit boards . The adjustments on the
Loop 2 board are located at the top of the board . See the
Adjustment Locations illustrations in the pullout pages at
the rear of this manual . Put Loop 1 on extender and remove
shields . Install P1121in CALposition on CPUboard .

1.Adjust + and -12V Adj ( Sine Shaper A80)

a. Connect the digital voltmeter ( dvm ) positive lead to
TP1420and minus lead to TP1510.

b . ADJUST R1427, +12V Adj , for a voltmeter reading
from 11.990to 12.010. Record this reading .

REVJUL1982
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d . ADJUST- R1440, „ 12 V Adj , for a voltmeter reading
from 11.90to 12.010. For best supply tracking , adjust
this voltage to the identical value of the +12V supply .

e. Remove the dvm for the next step .

2. Adjust +10V Reference ( Loop 1, A60)

a. Place the Loop 1 board on the board extender . Con
nect the dvm positive lead to the +10V test point
(TP1731). Connect the negative lead to analog ground ( rear
end of C1421on A60).

b . ADJUST R1735, +10V Adj , for a voltmeter reading
from 9.999 V to 10.001V.

c. Remove these connections for the next step .

3. Adjust Up Cur Ofst and Dn Cur Ofst,
Preliminary Setting (Loop 1, A60)

a. Make certain the Loop 1 board is on the extender .

b. Press the following buttons in the order listed :

(SETUPS) Sets frequency and
symmetry DACsto .

RECALL

c. Connect the dvm positive lead to the rear end of
R1534and the negative lead to analog ground .

d . ADJUST- R1535, Up Cur Ofst , for a voltmeter read
ing from 0.002 V to +0.002 V.

e. Change the + dvm lead to the rear of R1632.

f . ADJUST R1634, Dn Cur Ofst , for a voltmeter read

ing from -0.002 V to +0.002 V.

g . Remove the voltmeter leads.
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Internal Adjustment Procedure- FG5010

4. Adjust Up Sym Ofst and Dn Sym Ofst ( Loop 1, A60)

a. connect the high resolution dvm + lead to TP1441
and the lead to analog ground .

b . ADJUST R1537, Up Sym Ofst , for a voltmeter
reding from -0.00001 to +0.00001 ( €10•V to +10•V) .

c. Change the + dvm lead to TP1541.

d . ADJUST- R1646, Dn Sym Ofst , for a dvm reading
from 0.00001 to +0.00001 (-10‚V to +10•V).

e. Remove voltmeter test leads .

5. Adjust Up Cur Null and Dn Cur Null (Loop 1, A60)

a. Turn off power to instrument .

b . Remove U1421and U1551.

When making connections to the IC sockets do not
stress or deform the contacts .

CAUTION

c. Connect the high resolution dvm from U1421pin 2 , to
U1421pin 3 .

d . Return power to the instrument .

e. Press RECALL .

f . ADJUST R1531, Up Cur Null , for a dvm reading
from 0.00001 to +0.00001 ( -10‚V to +10•V).

g . Remove the voltmeter leads .

h . Connect the dvm from U1551pin 2 , to U1551pin 3 .

i . ADJUST- R1555, Dn Cur Null , for a dvm reading from
-0.00001 to +0.00001 ( -10•V to +10•V).

6-2

j . Remove the dvm test lead.

k . Turn off power to the instrument .

I. Install U1551and U1421.

m . Return power to the instrument .

n . Press RECALL .

6. Adjust Up Cur Ofst and Dn Cur Ofst (Loop 1, A60)

a. Remove P1435jumper .

b . Connect the ‚A meter positive lead to the pin of
J1435 nearest the bottom of the board and the negative
lead to analog ground .

c. Connect the positive lead of the power supply set for
1.25V dc to the other pin of J1435.

d . Connect the negative lead to analog ground .

e. ADJUST R1634, Dn Cur Ofst , counterclockwise un

til the ‚A meter indicates a rapid increase in current . Turn
this adjustment clockwise just to the point where any further
adjustment does not change the current . The meter should
read between 20 nA and O nA.ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

f . Reverse the polarity of the power supply leads , posi
tive to analog ground and negative to the upper pin of
J1435.

g . ADJUST- R1535, Up Cur Ofst , counterclockwise un
til the ‚A meter indicates a rapid increase in current . Turn
the adjustment clockwise just to the point where any further
adjustment does not change the current . The meter should
read between +20 nA and nA at this point .

h . Remove the ‚A meter test leads and the power sup
ply test leads .

i . Reinstall P1435.
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7. Adjust Up Peak ( Loop 1, A60)

a. Press the following buttons in the order listed :

(SETUPS) RECALL1

(PARAMETER) FREQ
2

1

ENTER

b . Connect a 1X probe from the differential comparator
oscilloscope to the center conductor of P1550. The center
conductor can be accessed on the front of the Interconnect
board . Connect the probe ground lead to analog ground on
P1550. Note the amplitude of the negative peak .

c . ADJUST€ R1645, Up Peak, for a positive peak am
plitude equal to within 1 mV of the value noted . Set Power
off and install shields . Set Power on.

Restores frequency and
symmetry DACsto de
fault or previous

settings .

d . Leave these connections for the next step .

8. Adjust Clamp Offset and Clamp Gain ( Loop 1, A60)

a. Make certain the oscilloscope is connected to P1550.

b . Press the following buttons in the order listed :

(MODE) GATE

(PARAMETER) FREQ
1

EEX
3

ENTER

(PARAMETER) PHASE

9

ENTER

c . Connect a +1V to -1V 1 kHz squarewave to the
TRIG/GATEIN connector .

REVJUL 1982

d . ADJUST- R1151, Clamp Offset , until the baseline
level is within 1 mV of the negative triangle peaks.

Internal Adjustment Procedure- FG5010

e. Press the following buttons in the order listed :

(PARAMETER) PHASE
9

ENTER

f. ADJUST- R1152, Clamp Gain , until the baseline level
is within 1 mV of the positive triangle peaks.

g . Remove the signal from the TRIG/GATEIN and the
oscilloscope probe for the next step .

9. Adjust Phase Gain and Phase Offset (Preliminary
Setting )(Loop 1, A60)

a. Press the following buttons in the order listed :

(PARAMETER) PHASE

9

ENTER

b. Connect the dvm +lead to U1042 pin 8 , -lead to
analog ground .

c. CHECK- for a dvm reading from -1.965V to
-1.955V.

d . ADJUST R1052, Phase Offset , for a dvm reading
from 1.965V to 1.955V.www

e. Press the following buttons in the order listed :

(PARAMETER) PHASE

9

ENTER

f. CHECK- for a dvm reading from -7.42V to
- 7.40 V.

g . ADJUST- R1051, Phase Gain , for a dvm reading
from 7.42 V to -7.40 V.

h . Remove these connections for the next step .
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10. Adjust Sym Gain ( Preliminary Setting ) ( Loop 1, A60)

a. Press the following buttons in the order listed :

(PARAMETER) FREQ
1

(PARAMETER) SYM
5

ENTER

ENTER

(The above are default values )

(MODE) CONT

(OUTPUT) ON

(FUNCTION) SQUARE

b . Connect the oscilloscope to the OUTPUTfront -panel
connector .

c. CHECK- that the waveform duty cycle as observed
on the oscilloscope is 50%.

d . ADJUST R1633, Sym Gain , for a waveform duty cy
cle of 50%.

e. Remove the oscilloscope connections .

11.Adjust Loop Gain ( Loop 1, A60)

a. Press the following buttons in the order listed :

(OUTPUT)

(MODE)
(PARAMETER)

ON

CONT

FREQ
2

EEX

3
ENTER

b. Connect the frequency counter to the TRIGOUTPUT.

c. CHECK- that the counter reads 20 kHz.

6-4

d . ADJUST R1734, Loop Gain , for a counter reading
of 20 kHz.

e. Leave these connections for the next step .

12. Adjust HF Adj ( Loop 1, A60)

a. Make certain the counter is connected to the TRIG

OUTPUTfront -panel connector . Use a 50 2 termination at

the counter input .

b . Press the following buttons in the order listed :

(PARAMETER)

c. CHECK- that the counter reads 20.2 MHz.

FREQ
2

EEX

6

ENTER

d . ADJUST C1432, HF Adj , for a counter reading of
20.2 MHz.

e. Replace the Loop 1 board in the instrument .

f . Remove all connections for the next step .

13. Adjust Gain Adj and Back Term Adj (Output
Amplifier , A50)

a. Place the Output Amplifier board on the board ex
tender . Set Power on .

b. Press the following buttons in the order listed :

(FUNCTION)

(MODE)

(PARAMETER) FREQ
1

(PARAMETER)

ENTER

(PARAMETER) OFFSET

ENTER
SYM

TRIANGLE

CONT

(OUTPUT)

5

ENTER

(PARAMETER) AMPL
2

ENTER

ON
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c . Connect the differential comparator oscilloscope to
the OUTPUTfront - panel connector .

d . ADJUST- R1122, Gain Adj , for a triangle waveform
to 20.00 V peak to peak .

e. Connect the precision 50 M termination to the OUT
PUTfront -panel connector . Connect the oscilloscope to the
termination .

f . ADJUST- R1521, Back Term Adj , for a triangle
waveform 10.00 V peak to peak .

g . Leave these connections for the next step .

14. Adjust Input Offset and N/ C Bal (Output Amplifier ,
A50)

a. Make certain the differential comparator oscilloscope
is connected to the precision 50 M termination , which , in
turn , is connected to the front -panel OUTPUTconnector .

b . Press the following buttons in the order listed :

(PARAMETER) AMPL
6

3
2

ENTER

c . ADJUST- R1121, Input Offset , for a minimum
change in offset while repeatedly pressing the COMPLE
MENTpushbutton .

d . Press the INCREMENT• pushbutton once (6.34 V
output ).

e. ADJUST R1245, N/C Bal , for a minimum change in
amplitude while alternately pressing and releasing the COM
PLEMENTpushbutton .

f . INTERACTION‚ Repeat parts d through g for opti
mum performance .

g. Leave these connections for the next step .

REVJUL1982

Internal Adjustment Procedure- FG5010

15. Adjust Output Offset (Output Amplifier , A50)

a. Make certain the oscilloscope is connected to a preci
sion 50 2 termination which is connected to the front -panel
OUTPUTconnector .

b . Make certain the instrument is programmed as listed
in step 13 except press INCREMENT once for 6.32 V
output .

c . ADJUST R1145, Output Offset , for minimum
change in offset of the displayed waveform while switching
between 6.32 V and 6.34 V with output in normal or
COMPLEMENT.

NOTE

Select 6.32 V AMPL and press the INCREMENT•
and INCREMENT to switch the output between
6.32 V and 6.34 V.

d . INTERACTION- This adjustment is a compromise
between ideal settings in the normal and COMPLEMENT
settings .

16. Adjust Am Offset (Output Amplifier , A50)

a . Make certain the oscilloscope is connected to the pre
cision 50 terminator connected to the front -panel OUT
PUTterminal .

b . Use the same settings as step 13 except press :
AMPL, 6.32, ENTER.

c. Note the exact peak to peak amplitude of the triangle
waveform displayed on the oscilloscope .

d . Press the INCREMENT• once.

e. ADJUST R1351, Am Offset , for a peak to peak am
plitude of the displayed waveform 20 mV greater than noted
in part c .

f . INTERACTION- for optimum adjustment , repeat
steps 14, 15, and 16.

g . Remove the 50 termination and oscilloscope from
the FG 5010.
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17.Adjust + Offset Gain , Offset gain and Offset Ref

(Output Amplifier , A50)

a. Press the following buttons in the order listed :

(PARAMETER) AMPL

ENTER

(PARAMETER) OFFSET
7

.

5

ENTER

b . Connect the dvm to the front -panel OUTPUT
connector .

c . ADJUST R1601, + Offset Gain , for a dvm reading
of 7.500 V.

d . Press the following buttons in the order listed :

(PARAMETER) OFFSET

6-6

7

5

ENTER

e. ADJUST R1602, -Offset Gain , for a dvm reading
of -7.500 V.

f . Press the following buttons in the order listed :

(PARAMETER) OFFSET

;

ENTER

g. Note the dvm reading .

h . Press the following butons in the order listed :

(PARAMETER) OFFSET

€

1

ENTER

i . Note the dvm reading .

j . ADJUST- R1743, Offset Ref, for dvm readings of

+0.100V and 0.100V if possible , or dvm readings with

equal differences from +0.100V and 0.100V.

k . INTERACTION- Repeat step 17until no further im

provements are possible .

I. Remove the dvm from the front - panel OUTPUT
connector .

m . Leave the Output board on the extender .

18. Adjust Sine Input Offset and Sine Drive ( Sine

Shaper, A80) (Preliminary Setting )

a. Press the following buttons in the order listed :

(FUNCTION) SINE

(MODE) CONT

(PARAMETER) FREQ
1

ENTER

(PARAMETER) OFFSET

ENTER

(PARAMETER) AMPL
1

ENTER

b. Connect the oscilloscope to the OUTPUTfront -panel
connector through a coaxial cable and 50 2 termination .

c. CHECK- the waveform displayed on the oscilloscope

for the best approximation of a sinusoidal waveform .

d . ADJUST R1033, Input Offset , and R1022, Sine
Drive, for the best sinusoidal waveform approximation .

e. Remove the oscilloscope from the OUTPUT
connector .
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19. Adjust Sine Offset and Sine Amplitude ( Preliminary
Setting ) (Sine Shaper, A80)

a. Press the following buttons in the order listed :

(FUNCTION) TRIANGLE

(MODE) CONT

(PARAMETER) OFFSET

(PARAMETER) AMPL
20 E-3

ENTER

b. Connect the dvm from the front - panel OUTPUTcon
nector to ground .

c . Note the exact dvm reading .

d . Press the (FUNCTION) SINE pushbutton .

e. ADJUST R1239, Sine Offset , for a dvm reading the
same as noted in part c .

f . Remove the dvm connections from the OUTPUT
connector .

g . Press the following buttons in the order listed :

(PARAMETER) AMPL
2

(FUNCTION)

ENTER

SINE

h . Connect the differential comparator oscilloscope to
the OUTPUTconnector .

i . ADJUST- R1233, Sine Amplitude , for a peak to peak
sinewave amplitude of 20.0 V.

j . Leave this connection for the next step .

20. Adjust +Sqr Adj and Sqr Adj ( Sine Shaper , A80)

a. Connect the oscilloscope to the front -panel OUTPUT
connector .

b. Press the ( FUNCTION) SQUAREpushbutton .

REVJUL1982

Internal Adjustment Procedure- FG5010

c. ADJUST- R1422, +Sqr Adj , for the positive
squarewave level equal to the positive triangle peak (disre
gard aberrations on squarewave level).

d . ADJUST- R1318, -Sqr Adj , for a negative
squarewave level of -10.0V (disregard aberrations on
leading edge of squarewave) .

e. Remove the oscilloscope from the OUTPUT
connector .

21. Adjust Damping and Termination ( Output Amplifier ,
A50)

a. Press the following buttons in the order listed :

(FUNCTION)

(MODE)

(PARAMETER)

SQUARE

CONT

OFFSET

ENTER

(PARAMETER) SYM
5

ENTER

ON(OUTPUT)

(PARAMETER) FREQ
1

EEX

6

ENTER

(PARAMETER) AMPL
6

•

4

ENTER

b . Connect the 45 ns delay line to the front -panel OUT
PUTconnector .

c . Connect the vertical of the sampling oscilloscope to
the 45 ns delay line through the P6201 probe with a 10X
attenuator tip .

d . ADJUST- C1421and R1422, Termination , for mini
mum aberrations 90 ns from the leading transition .

e. Remove the delay line and probe from the OUTPUT.
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f. Press the following buttons in the order listed :

(PARAMETER) FREQ
2

EEX

6

ENTER

(PARAMETER) AMPL
6

g . Connect the sampling scope input to the front -panel
OUTPUTconnector .

h . ADJUST- R1321, Damping , for best front corner
while changing amplitude from 6.32 V to 6.34 V and chang
ing output from normal to COMPLEMENT. This adjustment
is a compromise over these four conditions .

3

2

ENTER

i . Remove the cable from the front panel OUTPUTcon
nector . Set Power off .

j . Remove the Output Amplifier board from the board ex
tender and replace it in its normal position .

k . Place the Loop 1 board on the board extender .

1. Set Power on .

22. Adjust Amplitude and Offset ( Preliminary Setting )
(Loop 2, A70)
a. Press the following buttons in the order listed :

(PARAMETER) FREQ
2

1

ENTER

(FUNCTION) TRIANGLE

(PARAMETER) AMPL

6

(OUTPUT)

6-8

3

2

(PARAMETER) SYM
5

ENTER

ENTER
ON

b. Connect the differential comparator oscilloscope to

the front -panel OUTPUTconnector .

c . Note the voltage level of the positive and negative tri
angle peaks as displayed on the oscilloscope .

d . Press the INCREMENT pushbutton once ( Freq
200.0 ).

e. ADJUST- R1500, Amplitude , and R1600, Offset , un
til the positive and negative peaks are the same voltage as
noted .

23. Adjust Sinewave Distortion ( Sine Shaper , Loop 1
A60, Loop 2 A70)

a. Press the following buttons in the order listed :

(FUNCTION)

(PARAMETER)

SINE

OFFSET

ENTER

(PARAMETER) AMPL
6

(OUTPUT)

N

W
3

2

ENTER

ON

b. Connect the distortion analyzer to the front -panel
OUTPUTconnector .

c. Press:

(PARAMETER) FREQ
1

ENTER

d . ADJUST- R1033, Sine Input Offset , and R1022,
Sine Drive on the Sine Shaper , A80 , board for minimum
distortion .

e. ADJUST R1633, Sym Gain , on the Loop 1 board for
minimum distortion .

f . INTERACTION€ Repeat parts e and f until no further
improvement can be made .

REVJUL 1982

U

U

U

U

U

U

U

•‚ƒ

U

U

U



€

C

€

€

€

n

7

€

n

n

1

€

€

1

g . Press the INCREMENT• pushbutton for an ampli
tude of 6.34 V.

h . ADJUST R1033, Sine Input Offset , and R1022,
Sine Drive, for a distortion reading near the previous distor
tion reading .

i . INTERACTION- Repeat these adjustments at 6.32 V
and 6.34 V for best compromise .

j . Press the following buttons in the order listed :

(PARAMETER)

k . ADJUST R1500, Offset and R1600, Amplitude , on
the A70 Loop 2 board , for minimum distortion .

FREQ
2

ENTER

NOTE

The settings of the Sine Input Offset and Sine Drive
controls may be compromised to bring the sine distor
tion to <0.5% below 200 Hz only if necessary; then
repeat step 23.

I. Disconnect the distortion analyzer from the front -panel
OUTPUTconnector . leave the Loop 1 board on the board
extender .

24. Adjust Sine Ampl and Sine Offset ( Sine Shaper, A80)

a. Press the following buttons in the order listed :

(PARAMETER)

(FUNCTION)

(MODE)

(PARAMETER)

REVJUL1982

FREQ
1

EEX

3

ENTER

SINE

CONT

AMPL

2

ENTER

(PARAMETER) OFFSET

ENTER

Internal Adjustment Procedure- FG5010

b . Connect the differential comparator oscilloscope to
the front -panel OUTPUTconnector .

c . ADJUST- R1223, Sine Ampl , and R1239, Sine Off
set , for positive and negative peaks of + and -10.0V.

f. Remove these connections for the next step .

25. Adjust Phase Lock Phase ( Loop 1, A60)

a . Set Power off . Move P1121to NORM on CPU. Set
Power on .

b . Connect a 1 kHz squarewave generator set to + and
- 1V to the front -panel TRIG/GATEIN connector and the
counter B channel . See Fig . 6-1.

c . Adjust the external generator for a squarewave with a
period of 1000 ‚s using the counter and sufficient amplitude
to trigger the FG 5010.

d . Connect the front -panel TRIGOUTPUTconnector to
the counter A channel .

e. Press the following buttons in the order listed :

(MODE) PH LOCK

9

ENTER

f. Set the counter to read time A to B. Set CH A and
CH B to trigger on positive slope.

g. ADJUST- R1052, Phase Offset , until the leading
edge of the TRIGOUTPUTwaveform leads the input signal
by 250 ƒs.

h . Change the input to the counter A channel to the ex
ternal generator and the counter B channel input to the
TRIGOUTPUTconnector .

6-9
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Display

External
generator

FG 5010 TRIG
OUTPUT

+V

6-10

OV

+V

OV

€

i . Press the following buttons in the order listed :

(PARAMETER) PHASE
9

ENTER

+90 €

To counter B
channel

To counter A channel

Fig . 6-1. Setups for measuring phase differences in step 25.

j . ADJUST- R1051, Phase Gain , until the rising edge of
the TRIG OUTPUTwaveform leads the input signal by
250 •s .

-90 €

To counter A
channel

To counter B
channel

k . Remove all connections .

3467-31

1. Place the Loop 1 board in the proper position and re
assemble the instrument .

This completes the internal adjustment procedure .
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Static - Sensitive Components

MAINTENANCE

GENERALMAINTENANCEINFORMATION

CAUTION

Static discharge can damage any semiconductor
component in this instrument .

This instrument contains electrical components that are
susceptible to damage from static discharge . See Table 7-1
for relative susceptibility of various classes of semi
conductors . Static voltages of 1 kV to 30 kV are common in
unprotected environments .

Observe the following precautions to avoid damage :

1. Minimize handling of static -sensitive components .

2. Transport and store static -sensitive components or
assemblies in their original containers , on a metal rail , or on
conductive foam . Label any package that contains static
sensitive assemblies or components .

3. Discharge the static voltage from your body by wear
ing a wrist strap while handling these components . Servic
ing static -sensitive assemblies or components should be
performed only at a static -free work station by qualified ser
vice personnel .

4. Nothing capable of generating or holding a static
charge should be allowed on the work station surface .

5. Keep the component leads shorted together when
ever possible .

6. Pick up components by the body , never by the leads.

7. Do not slide the components over any surface .

8. Avoid handling components in areas that have a floor
or work surface covering capable of generating a static
charge .

9. Use a soldering iron that is connected to earth
ground .

10. Use only special antistatic suction type or wick type
desoldering tools .

RELATIVESUSCEPTIBILITY

TOSTATICDISCHARGEDAMAGE

Semiconductor Classes

MOS or CMOSmicrocircuits or

discretes , or linear microcircuits
with MOS inputs .
ECL

Table 7-1

Schottky signal diodes

Schottky TTL

High -frequency bipolar transistors

1= 100 to 500 V 4
2 = 200 to 500 V 5
3 = 250 V

JFETS

Linear microcircuits

Low-power Schottky TTL
TTL

"Voltage equivalent for levels:

Section 7- FG 5010

(Voltage discharged
tance of 100 M.)

-
6 =

(Most Sensitive )

500 V 7
400 to 600 V 8
600 to 800 V 9

from a 100 pF

(Least Sensitive )

=

Relative

Susceptibility
Levels‚

1

234

506ON

3

5

400 to 1000 V(est . )
900 V
1200 V

capacitor through a resis

7

8

9

Cleaning

This instrument should be cleaned as often as operating
conditions require . Loose dust accumulated on the outside
of the instrument can be removed with a soft cloth or small
brush . Remove dirt that remains with a soft cloth dampened
in a mild detergent and water solution . Do not use abrasive
cleaners .

7-1
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CAUTION

To clean the front panel use freon , isopropyl alcohol,
or denatured ethyl alcohol . Do not use petroleum
based cleansing agents . Do not use air or any solvent

to clean the Front Panel circuit board . Before using

any other type of cleaner, consult your Tektronix Ser
vice Center or representative .

The best way to clean the interior is to blow off the accu

mulated dust with dry , low -velocity air ( approximately 5
lb/ in€) or use a soft brush or cloth dampened with a mild
detergent and water solution .

Hold the board so the cleaning residue runs away from
the connectors . Do not scrape or use an eraser to clean the

edge connector contacts . Abrasive cleaning can remove the
gold plating .

CAUTION

Circuit boards and components must be dry before
applying power.

Obtaining Replacement Parts

Electrical and mechanical parts can be obtained through
your local Tektronix Field Office or representative . However,
it may be possible to obtain many of the standard electronic

components from a local commercial source . Before pur
chasing or ordering a part from a source other than

Tektronix , Inc., check the Replaceable Electrical Parts list
for the proper value , rating , tolerance , and description .

NOTE

When selecting replacement parts , remember that the
physical size and shape of a component may affect its
performance in the instrument .

7-2

Some parts are manufactured or selected by Tektronix ,
Inc., to satisfy particular requirements or are manufactured
for Tektronix , Inc. , to our specifications . Most of the me
chanical parts used in this instrument have been manufac

tured by Tektronix , Inc. To determine the manufacturer ,
refer to the Replaceable Parts list and the Cross Reference
index , Mfr . Code Number to Manufacturer .

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

1.Instrument type and option number .

2. Instrument serial number .

3. A description of the part (if electrical , include complete

circuit number ) .

4. Tektronix part number .

Soldering Techniques

WARNING

To avoid electric -shock hazard , disconnect the instru

ment from the power source before soldering .

The reliability and accuracy of this instrument can be

maintained only if proper soldering techniques are used

when repairing or replacing parts . General soldering tech

niques which apply to maintenance of any precision elec

tronic equipment should be used when working on this

instrument . Use only 60/40 rosin -core, electronic grade sol
der. The choice of soldering iron is determined by the repair
to be made .

CAUTION

All circuit boards in the FG5010 are multilayer type
boards with a conductive path laminated between the

top and bottom board layers . All soldering on these
boards should be done with extreme care to prevent

breaking the connections to this conductive path .

Only experienced maintenance personnel should at

tempt to repair these boards.

When soldering on circuit boards or small wiring , use

only a 15watt , pencil type soldering iron . A higher wattage

soldering iron can cause the etched circuit wiring to sepa
rate from the board base material and melt the insulation

from small wiring . Always keep the soldering iron tip proper
ly tinned to ensure the best heat transfer to the solder joint .

Apply only enough heat to remove the component or to

make a good solder joint . To protect heat sensitive compo
nents , hold the component lead with a pair of long -nose

pliers between the component body and the solder joint .

Use a solder removing wick to remove excess solder from
connections or to clean circuit board pads.
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Coaxial-Type, End -Lead Connectors

Replacement of the coaxial type end lead connectors re
quires special tools and techniques ; only experienced main
tenance personnel should attempt to remove or replace
these connectors . Damaged cable should be repaired or re
placed as a unit . For cable part numbers , see the Replace
able Mechanical Parts list .

An alternative solution is to refer the replacement of the
defective connector to your local Tektronix Field Office or
representative . Figure 7-1 gives an exploded view of a co
axial end lead connector assembly .

}]]

19

CABLE

EYELET

RECEPTACLE

SOCKET

RECEPTACLE
HOLE

SOCKET
HOLE

2815-16(C1986-71)

Fig. 7-1. Coaxial end lead connector assembly .

Circuit Board Pins

A circuit board pin replacement kit ( including necessary
tools , instructions , and replacement pins with attached fer
rules ) is available from Tektronix , Inc .; refer to the Replace
able Mechanical Parts list for ordering information . Use care

when replacing pins on multilayer boards to avoid damage
to the boards .

To replace a damaged pin , first disconnect any pin con
nectors . Then unsolder the damaged pin and pull it from the
board with a pair of pliers , leaving the ferrule (see Fig . 7-2) in
the circuit board , if possible . If the ferrule remains in the

circuit board , remove the spare ferrule from the replacement
pin and press the new pin into the hole in the circuit board . If

the ferrule is removed with the damaged pin , clean out the
hole using a solder - removing wick and a scribe . Then press
the replacement pin , with attached spare ferrule , into the
circuit board .

B

Maintenance - FG5010

PROPER
PLACEMENTOF
FERRULESIN
CIRCUITBOARD

n

REPLACEMENT
PIN

SPARE
FERRULE

2815-17(C1967-5)

Fig . 7-2. Exploded view of circuit board pin and ferrule .

Position the replacement pin in the same manner as the
original . Solder the pin to the circuit board on each side of

the board . If the original pin was bent at an angle to mate
with a connector , carefully bend the new pin to the same

angle . Replace the pin connector .
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Semiconductors

To remove in -line integrated circuits use an extracting
tool . This tool is available from Tektronix , Inc .; refer to the
Replaceable Mechanical Parts list for ordering information .
If an extracting tool is not available , use care to avoid dam
aging the pins . Pull slowly and evenly on both ends of the
integrated circuit . Try to avoid disengaging one end before
the other end .

Silicone grease must be used on the transistors attached
to the heat sink on the Output Amplifier board and the three
teminal regulator and the heat sink on the Sine Shaper
board . When replacing any of the eight transistors in individ
ual heat sinks on the output board make certain sufficient
silicone grease is inside the cup to contact the top and sides
of the transistor . If the individual transistor heat sinks are

removed from the large heat sink , put a layer of silicone
grease between the two heat sinks .

The three transistors mounted directly to the large heat
sink all have insulating washers and nonconducting screws
attaching them to the large heat sink . If these transistors are
removed , coat both sides of the insulating washer with sili
cone grease. There is no insulating washer on the three
teminal regulator on the Sine Shaper board .

WARNING

Handle silicone grease with care . Avoid getting the
silicone grease in your eyes. Wash hands thoroughly
after use.

Interconnecting Pins

Several methods of interconnection , including square pin
and coaxial cable , are used to electrically connect the circuit
boards with other boards and components .

Square Pin Assemblies

See Fig. 7-3. The pins are of various lengths . They are
attached to each other with a plastic strip . To remove them ,
simply unsolder from the circuit board .

Multipin Connectors

The pin connectors used to connect the wires to the
interconnecting pins are clamped to the ends of the wires .
To replace damaged multipin connectors , remove the old
pin connector from the holder . Do this by inserting a scribe
between the connector and the holder and prying the con
nector from the holder . Clamp the replacement connector to
the wire . Reinstall the conector in the holder .

7-4

Fig . 7-3. Typical square pin assembly .

If the individual end lead pin connectors are removed
from the plastic holder , note the order of the individual wires
for correct replacement in the holder . For proper replace
ment see Fig . 7-4.

ERG

HOLDER

BRE

DEZ

L
!!!

END- LEAD
MULTI- PIN

CONNECTOR
INDEX

2971-08

END- LEAD
MULTI-PIN

CONNECTOR

MULTI-PIN
CONNECTOR

INDEX 1986-68

Fig . 7-4. Orientation and disassembly of multipin connectors .

Magnetic Latch Relays

To prevent damage to these relays , do not remove them
from the Output Amplifier , Sine Shaper, or Loop 1 circuit
boards unless absolutely necessary . If the relay contacts
become noisy or the relay fails to operate , remove the two
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screws , attaching each relay , from the back of the board
and remove the relay .

Clean the circuit board contacts and contact fingers with
a small brush and isoprophyl alcohol . Do not use any sol
vent that may attack polycarbonates such as hydrocarbon
chlorides , ketones , esters , etc. Do not use a cotton swab as
small cotton filaments may remain on the contact area.

To remove the relay armature from the relay, use a wire
or tool with a diameter less than 0.040 in ., such as a
paperclip . Before removing the armature , mark the orienta
tion of the armature to the housing . Orientation is important
for proper operation . Place the tool in the slot on the side of
the housing and gently lift the relay armature . See Fig . 7-5.

2815-15

Fig . 7-5. Method of removing magnetic latch relay armature .

Clean the interior of the relay , around the pole pieces ,
with isopropyl alcohol . The interior of the relay must be com
pletely dry before reinstalling the armature . Use air to dry
excess alcohol from the housing .

NOTE

Do not spray contact cleaner on the relays or any
where on the board when they are installed on the
board . Any foreign material between the pole pieces
and the armature can cause faulty operation .

Maintenance - FG5010

Board Extenders

Use the board extender kit , ( refer to Table 7-2 for
Tektronix Part No.) to access the boards for calibration or
servicing . This kit consists of two large extenders , and sev
eral ribbon cables . One large extender permits extension of
the Sine Shaper , Loop I , Loop II , and Output Amplifier
boards from the Interconnect board . The other large extend
er permits extension of the CPU and Display Driver boards .
A nine -pin ribbon cable extends the connection between the
Output Amplifier and Display Driver boards . The remaining
ribbon cables are used to extend the Front Panel board from
the Interconnect board . The kit also includes a T-handle for
ease in pulling the boards to disconnect them from the
Interconnect board . Board locations and names are shown
in Fig . 7-6.

Instrument Disassembly

To disassemble the FG5010, first remove the instrument
side covers. Then remove the instrument back . Use a
3/16 in . wrench on the bottom fasteners . Next , remove all
screws attaching the top to the boards and frame . See Figs.
7-7 and 7-8 for screw locations . Remove the instrument top .
Remove the two screws attaching the selected board from
the bottom of the instrument . See Fig . 7-9 . All of the boards
except the Output Amplifier , Interconnect and Front Panel
boards may be removed individually . To remove the Display
Driver board , disconnect the nine -pin ribbon connector from
the rear of the board . To remove the Output Amplifier board ,
first remove the Display Driver board .

To remove the Interconnect board , remove the six large
boards that plug into the Interconnect board . Remove the
latch handle by pushing the rearmost part of the latch for
ward and pressing down on the handle to disengage the
front part . Remove the two screws attaching the
Interconnect board to the instrument bottom (see Fig . 7-8).
Then, remove the two screws in the lower corners of the
front panel . Grasping the front panel with one hand and the
Interconnect board with the other , gently pull apart the 15
and 25 pin connectors between the Front Panel board and
the Interconnect board . Position the front panel aside and
lift the Interconnect board to clear the notch in the bottom of
the instrument . When reinstalling the Interconnect board to
the Front Panel board , make certain the coaxial cables are
routed so that they do not interfere with the 15 and 25 pin
connectors .

To remove the Front Panel board from the front panel ,
remove the four screws attaching the Front Panel board to
the front panel .
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A80
Sine

Shaper

A70
Loop2

A60
Loop 1

A50
Output

Amplifier

A40
Display
Driver

A30
CPU

Fig . 7-6. FG 5010 circuit board locations .

A20
Interconnect

A10
Front
Panel
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Sine Shaper board

Loop 2 board

Loop 1 board

Output Amplifier board

Display Driver board

CPUboard

Fig.7-7. Screws attaching various boards to top of instrument .

Two of four screws holding
Interconnect board to top and
bottom of instrument .
The other two are on the
opposite side.

LA

THE MA

3467-34

Fig. 7-8. Right side view showing screws holding Interface
board .
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Screws attaching
top of instrument
to frame

3467-33
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CPU board

Display Driver board

Output Amplifier board

Loop 1 board

Loop 2 board

Sine Shaper board

1

Notch for Interconnect board

Fig. 7-9. Screws attaching various boards to bottom of instrument .
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REARINTERFACEINFORMATION

Functions Available at Rear Connector

Slots exist between pins 23 , 24 , and 6 , 7 on the Sine
Shaper board and pin 6 , 7 on the Output Amplifier board .
The slot between pins 6 and 7 identifies the FG 5010 as a
member of the TM 5000 family . Insert a barrier between
pins 23 and 24 of the power module jack the Sine Shaper
board plugs into to prevent noncompatible plug -ins from be
ing inserted in slots wired for the FG 5010.This protects the
plug -in if specialized connections are made to that compart
ment . Consult the power module manual for further informa
tion . Signal inputs , outputs , or other specialized connections
may be made to the rear interface connectors as shown in

the input -output assignments illustration ( Fig . 7-10). These
connections are not factory wired . A wire kit , Tektronix Part
No. 020-0701-00, provides the wires and instructions for
making the necessary connections .

Figure 7-11shows Output board assignments and Fig.
7-12shows GPIBconnections .

Making Connections

Disassemble the instrument to gain access to the front of
the Interconnect board . Disconnect the cables from the front
panel bnc connectors to the Interconnect board . See the
adjustment location illustrations in the pullout pages at the
rear of this manual for the location of signal inputs and out
puts on the Interconnect and Sine Shaper boards . The cable
connecting J1812, on the Interconnect board , to the front
panel TRIGOUTPUTconnector may be left connected . Ei
ther the trigger output or trigger complement output may be
routed to the front panel through J1015on the Sine Shaper
board . The other output may be routed to the rear interface
output . These outputs may be used simultaneously .

Use of the rear interface inputs and outputs causes some
degratation in signal performance .

A lead is provided to bring out to the rear interface a
signal that remains high during the time the loop clamp is
disabled . For N BURST, this time is roughly equivalent (de
pending on frequency ) to the length of the burst , less the
last half of the last cycle . To connect this wire , remove the
shield on the Loop 1 board located over J1210as shown in
the adjustment location illustration located in the pullout
pages in the rear of this manual . Run this wire through the
hole in the shield over J1210, forward across the edge con
nectors on the Interconnect board , and back along the out
side of the Sine Shaper board to the single pin spare
connector as shown in the adjustment location illustration .
After all connections are made , reinstall the boards .

Maintenance - FG5010

A description of the rear interface connections follows .

Aux Output (28A)

This is the rear interface output connection . It is not fac
tory connected . Make connections as previously described .

Aux Output Common ( 27A)

This is the return connection for the Aux Output .

Aux Trig Output (27B)

This is the rear interface trigger output . It is not factory
connected . The signal is +2 V from 50 . This signal can be
either the trigger output or trigger complement output ( 180ƒ
phase difference ) depending on the cable connection . Both
signals can be used simultaneously ; one signal at the rear
interface and the other at the front panel . See the adjust
ment location illustration for the Sine Shaper board .

Aux Trig Output Common (28B)

This is the return circuit for the rear interface trigger
output .

Spare (25A)

This pin connects to a square pin on the sine shaper
board . See the adjustment location illustration for location of
this pin . This pin may be used for a burst -timed signal output
as previously described under Making Connections . Return
circuit for this signal is chassis ground .

Aux Trig / Gate Input (24B)

This signal is not factory wired . A jumper to select the
input impedance for this connection is located on the Loop 2
board . See the adjustment location illustration for jumper
location . Input impedance is either 50 or 1 M„ . Maximum
input is …5 V.

Aux Trig /Gate In Common (25B)

This is the return path for the Aux Trig /Gate In .

Aux AM Input (23A)

This connection is not factory wired . Make connections
as previously described . The input impedance is 10km.
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OUTPUTOR
INPUT

AUX TRIG
OUTPUTCOMMON

AUX TRIG OUTPUT 27

AUX TRIG/
GATE INPUT

26

AUX TRIG/ GATE * 25
INPUT COMMON

AUX VCF/ FM
INPUT COMMON

AUX VCF/ FM *
INPUT

GROUND

*

+26V DC

COLLECTORLEAD OF
PNP SERIES PASS

-26V DC

*

GROUND

GROUND

PIN
B

COLLECTORLEAD OF
NPN SERIES PASS

28

24

23

22

21

20

19

18

17

16

15

14

13

12

-11

10

9

8

7

6

5

3

2

1

BARRIER
SLOT

BARRIER
SLOT

PIN
A

28 * AUX OUTPUT

* AUX OUTPUT
COMMON27

26

25 *

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

7.

8

7

6

5

4

3

2

1

REAR VIEW OF PLUG- IN

OUTPUTOR
INPUT

NOT FACTORYWIRED.
SEE TEXT.

SPARE

AUX AM
INPUT COMMON

AUX AM
INPUT 10k€

+26V DC

BASE LEAD OF
PNP SERIESPASS

EMITTERLEAD OF
PNP SERIES PASS

GROUND

-26V DC

EMMITER LEAD OF
NPN SERIESPASS

BASE LEAD OF
NPN SERIES PASS

GROUND

GROUND

Fig. 7-10. Sine shaper board (A80) rear interface connector assignments .
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FUNCTION CONTACTS

DI01

DI02

DI03

DI04

CE**

EOI

DAV

NRFD

NDAC

NC

1

3

5

7

9

11

13‚

15

17

19

25V AC WINDING

Bottom

OUTPUTOR
INPUT

+26V DC

COLLECTORLEAD OF
PNP SERIESPASS

-26V DC

COLLECTORLEAD OF
NPN SERIES PASS

GROUND

2

4

6

PWR

NOT USED IN
FG 5010

10

12

14

- 16

18

20

GROUND

GROUND

25V AC WINDING

+8V DC

CONTACTS

DI05

DI06

DI07

DI08

TE*

PIN
B

13

IFC

SRQ

ATN

REN

NC

12

11

18

** CE Use only for devices that can be controllers in
the mainframes . Not used in FG 5010.

9

8

7

6

5

4

3

2

1

FUNCTION

* TE Open collector talk control for GPIBbuffer card.
Low on the bus = talk .

BARRIER
SLOT

3467-38

PIN

Fig . 7-12. Assignments for GPIBconnector as viewed from rear
of instrument .

13 25

12

10

9

8

7

6

REAR VIEW OF PLUG- IN

5

4

3

2

1

Fig. 7-11. Output board (A50) rear interface connector assignments .

OUTPUTOR
INPUT

25V AC WINDING

+26V DC

BASE LEAD OF
PNP SERIESPASS

EMITTERLEAD OF
PNP SERIESPASS

GROUND

-26V DC

EMITTER LEAD OF
NPN SERIESPASS

BASE LEAD OF
NPN SERIESPASS

NOT USED IN
FC 5010

GROUND

GROUND

+8V DC

25V AC WINDING
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3467-37

2.5 V input equals 100% modulation . Maximum input is
+5 V peak .

Aux AM Input Common (24A)

This is the return connection for the Aux AM Input .

Aux VCF/ FM Input (21B)

This connection is not factory wired . Make connections
as previously described . A to +10V change gives at least
a 1000:1 frequency change.

Aux VCF/ FM In Common (22B)

This is the return for the Aux VCF/ FM Input .
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FG 5010 POWER-ON SELFTESTERRORCODESand DESCRIPTION

The FG5010 begins the self test routine by illuminating all
front panel indicators .

The Loop 1 board is placed in the triggered mode during
these tests . The manual trigger signal is held asserted by
the MPU to prevent triggering the main loop . The high fre

quency square (HFSQ) signal from Loop 1 should be high in
this mode . If , for any reason , the HFSQsignal (U1232, pin
14, Loop 2 ) is not a steady high , the frequency control logic
test will fail , displaying Error 323. For example , a failure in
one of the 12V supplies can cause Error 323.

Errors 340 , 341, 350. The internal RAM in the 6802 MPU

chip (U1310) is tested . Error 350 is displayed if a fault is
found . The next RAM tested is the 1024 by 8 bit RAM on
the CPU board . Error 340 indicates a U1400 failure , and
Error 341 indicates a U1500 failure .

Errors 370, 372 , 374, 390 , 392 , 394. The next test per
formed is ROM placement . Errors 370 , 372 , and 374 indi
cate that U1540, U1440, or U1332 sockets contain the

wrong ROMS, respectively . Next , the ROMs are tested for
correct checksums . Errors 390 , 392 , or 394 indicate that
U1540, U1440, or U1332 ROMs contain incorrect data , re

spectively . If a ROM or RAM fault is detected , the MPU
halts program execution , i.e., the instrument ignores all in
put from the front panel or the IEEE-488 bus . The MPU then

begins execution of a program loop that exercises the RAM
chip select and read/write signals . This program loop re
sides at addresses E97A through E987. First , a hex 55 is
written to location 0555 ( hex) . Then , data is read from loca
tion 0555 and the complement of the response is written
back to location 0555. This inverted pattern is then read
from location 0555. The GPIB address switch is then read

to provide a chip select pulse on test point 1331.This pro
gram is executed repetitively so that an oscilloscope may be
used to troubleshoot RAM problems . Use TP1331as an
oscilloscope trigger signal . Note that the instrument will ig
nore all input from the front panel or the IEEE-488 bus dur
ing execution of this program loop.

Errors 320 , 321. The VIA (versatile interface adapter )
chip (U1720) on the CPUboard is tested for functional timer

counters . Error 320 indicates a faulty VIA chip .The manual
trigger control logic is tested by exercising U1720pins 6 , 39 ,
and 8. The trigger control signal is fed back to the MPU
through U1720 pin 17.Error 321 is displayed if a fault is
found .

Errors 320 , 321. The VIA (versatile interface adapter )
chip (U1720) on the CPUboard is tested for functional timer

counters . Error 320 indicates a faulty VIA chip .The manual
trigger control logic is tested by exercising U1720pins 6 , 39 ,
and 8. The trigger control signal is fed back to the MPU
through U1720 pin 17.Error 321 is displayed if a fault is
found .

Errors 322 , 323 , 324. The next area to be tested is the

frequency control logic on the Loop 2 board . All feedback to
the MPU, during these tests , is through the status shift reg
ister (U1430, Loop 2 ) . Do not rule out this register while
troubleshooting .

7-12

The frequency control logic is clocked by the MPU by
exercising exclusive -or gate U1340, pin 9 , on Loop 2. The
frequency prescaler counter ( U1232, Loop 2 ) is set to divide
by 1, by setting U1212pin 11low . This should cause a high
on U1340 pin 10.

The test begins by setting U1212pin 3 low , to set refer

ence frequency counters U1320 and U1322. This also

resets flipflop U1220B. U1220 pin 8 is tested for a logic
high . Error 323 is displayed if it is low . When U1220pin 9 is
low , the loop cycle counters (U1130, U1132, U1110, and
U1120) are forced to load present data provided by shift
registers U1122and U1112. These shift registers are set for
all zeros, causing terminal count gate U1230 pin 6 to be

high . This signal resets flipflop U1220 pin 12 through gate
U1222A. U1220 pin 13 is tested for a high , causing Error
323 if low . U1210pin 8 and U1322 pin 12 must both be low,
or Error 323 is displayed .

The reference frequency counters U1320 and U1322are

read through shift registers U1330 and U1332 and tested

for a count of zero ; Error 322 is displayed if they are not .
Then, the loop cycle counter present data is set to a count
of 2. This is loaded into the loop cycle counters , causing
terminal count gate U1230 pin 6 to go low and removing the
reset from flip flop U1220A. U1212pin 3 is then set high ,
removing the reset from the reference frequency counters ,
and clocking U1220A to set pin 12 high . U1220 pin 13 is
checked for a low , causing Error 323 if it is high .

The reference frequency counter is again tested for zero,
causing Error 322 if it is not . This indicates a problem with

reference frequency gate U1222D. U1220B is clocked by

setting U1340 pin 9 low . Note that U1220B is not clocked
unless the clock multiplexer gate U1210Bhas a high on pin
4, and U1222Bhas a low on pin 5. U1220, pin 8 is tested for
a low , causing Error 323 if it is high .

The loop cycle counter is clocked from 2 to 1 by setting

U1340 pin 9 high . Then , U1220 pins 8 and 13 must both be
low , or Error 324 is displayed . This error indicates a problem
with the loop cycle counter or terminal count gate , U1230A.

U1220Bis clocked by setting U1340 pin 9 low . U1220 pin 8
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is tested for a low , causing Error 324 if it is high . Next , the
loop cycle counter is clocked again by setting U1340 pin 9
high . This should clock the loop cycle counter from 1 to ,
causing the terminal count gate U1230 pin 6 to go high , and
reset U1220Athrough gate U1222A. U1220 pin 13 is tested
for a high , and Error 324 is displayed if it is low . U1220B
should reset when it is clocked , by setting U1340pin 9 low.
U1220 pin 8 is tested for a high , causing Error 323 if it is
low .

During the time that U1220B was set , the reference fre
quency counters (U1320 and U1322) should count the
4 MHz reference clock . The reference count is read through
shift registers U1330 and U1332 and tested for a count of
453E to 4544 Hex; Error 322 is displayed if it is incorrect .
Then, the reference frequency counters are reset by setting
U1212pin 3 low . U1212pin 3 is set high , and U1220Bis set
by toggling U1340 pin 9. The MPU waits 20 ms for the refer
ence frequency counters to overflow ; the overflow bit
(U1322 pin 12) is tested for a high , and Error 323 is dis
played if it is low . This completes the frequency control logic
test on the Loop 2 board .

Errors 325 , 327, 328 , 329 , 330 , 331, 332. The Loop 1
board is tested by using the frequency control logic on the
Loop 2 board . The reference and loop cycle counters are
used as a frequency counter . Loop 1 is set for the continu
ous mode on the 2 MHz frequency range . The frequency
DAC (digital to analog converter , U1612) is set to a maxi
mum count of 4095. The frequency generated by Loop 1 is
measured by Loop 2 and tested to see if it is between
1.6MHz and 4.0 MHz. Error 327 is displayed if this test
fails . The frequency prescaler (U1232, Loop 2) is set to di
vide by 10, and the frequency is measured again . If the
prescaled output is not between 160 kHz and 320 kHz Error
325 is displayed . Each frequency range is tested for a top
end frequency between 2 and 4 ; i.e., the 2 kHz range is
tested for a frequency between 2 kHz and 4 kHz. Each of
these frequency range tests is performed at 10, 50 , and 90

REVJAN 1982

Maintenance - FG5010

percent symmetry settings . Errors 328 , 329 , 330 , 331, and
332 correspond to ranges 2 kHz , 20 kHz, 200 kHz , 2 MHz,
and 20 MHz.

Error 326. With the Loop 1 board set for 20 MHz, the low
frequency generator is tested by measuring the frequency of
the low frequency square signal (U1210pin 13, Loop 2 ) . The
loop cycle counter is set for a count of one cycle . The clock
multiplexer for the loop cycle counter (U1222B, Loop 2) is
set to select the LFSQsignal . The frequency is measured
and Error 326 is displayed if it is not between 200 Hz and
400 Hz.

Error 333. The next test performed is on the burst
counter on the Sine Shaper board . For this test , the Loop 1
board is set to 2 MHz and placed in the burst mode . The
loop cycle counter counts the exact number of cycles in the
burst . The loop cycle counter (U1130, U1132, U1110, and
U1120, Loop 2) is preset to a count of 9999 cycles . Then
the burst count is set for 9999 cycles . The frequency
prescaler (U1232, Loop 2) is set to divide by 1, and the duty
cycle control bit ( U1340 pin 9 , Loop 2 ) is set high . The loop
cycle counter is enabled to count by setting U1212pin 3,
Loop 2 high . The MPU triggers the burst using the manual!
trigger signal . When the burst is completed the HFSQsignal
from Loop 1 (U1232 pin 14, Loop 2 ) should be high . The
loop cycle counter counted down from 9999 to , causing
the terminal count signal ( U1230 pin 6 , Loop 2) to go high .
The next high to low transition of HFSQ clocks U1220B,
Loop 2 , indicating measurement completed . U1220 pin 8 ,
Loop 2 is tested for a low , causing Error 333 if it is high . This
indicates that the burst was longer than 9999 cycles . Then,
the duty cycle control bit ( U1340 pin 9 , Loop 2) is set low ,
causing U1220B to clock from the set to the reset state . If
the burst was shorter than 9999 cycles , the terminal count
signal (U1230 pin 6 ) will not be high , and U1220B will not
reset . U1220 pin 8 , Loop 2 is tested for a high , causing Error
333 if it is low . This test fails if the manual trigger function
does not work .
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GENERALTROUBLESHOOTING

Introduction

The front panel error codes help to isolate the difficulties .

After the trouble is isolated , review the schematics and cir

cuit description as aids in finding the difficulty . Signatures
for the CPU, serial shift registers and some logic in the Loop

2 and Sine Shaper circuitry are included in this manual . Sev

eral troubleshooting techniques for the analog circuitry on

Loop 1 and Loop 2 boards are also included . Analog type

troubleshooting techniques are usable on the Sine Shaper,

Output , Display Driver , Interconnect , and Front Panel circuit

boards .

Loop 1 Troubleshooting

Remove jumper P1435. Location of this jumper is shown

on the Adjustments Location illustration for the Loop 1

board in the pullout pages at the rear of this manual . Ground

the collectors of Q1432 and Q1340. Connect a variable dc

voltage source ( € 1.1V) from ground to the capacitor side

of jumper P1435 (across C1432) . Connect an oscilloscope

to the emitter of Q1332, the output of the triangle buffer .

Now vary the voltage source from approximately +1.1V to

-1.1V. The voltage at the oscilloscope should smoothly

track the voltage source changes . This proves proper oper
ation of the triangle buffer . Connect the oscilloscope probe

to either pins 13 or 14 of U1351A, the level detector circuit

ry.One output is the complement of the other . Again , vary

the voltage source from +1.1V to 1.1V. Look for a high

to low 400 mV voltage change at the output pins . Satisfac

tory operation indicates the level detector is operating

properly .To check the level shifter and transistor bridge ,
substitute a current meter for the short from the collectors

of Q1432 and U1340 to ground . Vary the voltage source
between +1.1V and 1.1V and observe the current me

ter . The meter should indicate first one current polarity and

then the other as the voltage source is varied .

Cal Mode Troubleshooting

Troubleshooting the frequency control circuits can also

be done in the Cal mode . The FG 5010 goes into the Cal

mode by setting the mode strap on the rear of the CPU

board (J1121) to the Cal position . The instrument must then

go through a power-on cycle to enter the Cal mode .

The differences between the Cal and Normal mode are:

1.The automatic frequency control is disabled . The fre

quency D/A is always set to 4000 ( decimal ) at the top of

each range . For example , 2.000 MHz will set the frequency

D/ A to 4000 , 1.000 MHz will set it to 2000 , and 200.1 kHz

will set it to 400. In the VCFmode , the frequency D/ A may

be set to zero by setting the frequency to zero.

7-14

2. Both frequency D/As and both symmetry D/As may

be set to zero by a RECALL command . These D/ As may

be restored by a RECALL1 command or by turning the VCF
mode off .

3. The automatic range switching in the PH LOCKmode
is disabled . To select a desired frequency range or phase
lock filter , go to CONTinuous mode , program a frequency in

the desired range , then go to PH LOCKmode.

4. The message delimiter switch on the rear of the in

strument is used in the Cal mode to stop the power-on self
test when the first error is detected . Set the message

delimiter switch to the LF/ EOI position to stop the self test

on the first occurrence of an error . This leaves the instru

ment hardware in the state where the fault was detected . To

resume execution of the self test , press the ID key.

5. While the SLOPEsetting is negative , the frequency of

the main loop is measured by the frequency control logic on

the Loop 2 board approximately every 30 ms . The frequen

cy D/As on the Loop 1 board are not changed to correct for

frequency errors . This is done to allow for troubleshooting of

the frequency control logic on Loop 2.

While the SLOPEsetting is positive , the frequency of the

main loop is measured whenever the manual trigger key is

pushed . This is used for triggering single shot measure

ments by the frequency control logic on Loop 2. After each
measurement is made , the number of counts in the refer

ence frequency counters ( U1320 and U1322 Loop 2 ) is dis

played on the front panel readout . The number of main loop

cycles over which the measurement is made can be calculat

ed by multiplying the frequency setting (in Hertz ) by 0.005.

The result of this should then be rounded off to the nearest

integer . If this number is exactly half way between two inte

gers , it should be rounded to the nearest even integer ( i.e.,

5.5 rounds to 6 , and 8.5 rounds to 8.)

Loop 2 Troubleshooting

The following procedure checks the trigger -gate input

amplifier , the phase detector , charge pump , phase lock fil

ter , and over and under - range detectors .

Place the FG5010 in the Cal mode . This is accomplished

by moving jumper P1121, located on the CPU board , to the

Cal position and powering up the instrument . See the CPU

board Adjustment location illustration for the location of this

jumper . Upon power up , the display reads CAL, then 1 kHz

)
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(default frequency ) . In the Cal mode , the automatic switch
ing for the voltage controlled oscillators and the low pass
filters are disabled . Make certain the CONTpushbutton light
in the MODE group is illuminated . Connect an external
squarewave generator to the TRIG/GATEIN connector . Set
the output amplitude of the generator within the triggering
range of the FG5010 and the frequency less than 500 Hz or
greater than 2 kHz. Set the generator for a squarewave out
put . Remove the shield over Q1830 on the Loop 2 board ,
place the board on an extender , and connect the oscillo

scope probe to the collector of Q1830. This is the charge
pump output . The waveform visible on the oscilloscope
should be a steady dc voltage , either approximately
+1.44V or ‚0.56 V ( +1V or -1 V centered around
+0.44 V) . This dc voltage exists for large frequency differ
ences between the external generator and 1 kHz. As the
frequency difference decreases the signal changes from a
dc level to a varying period pulse waveform . The polarity
depends on whether the external generator is above or be
low 1 kHz. As the external generator approaches the 1 kHz
frequency , the steady dc voltage changes to a +0.44 V
+1V or -1V pulse waveform . The duty cycle of this
waveform decreases until the frequencies are equal . This is
indicated on the oscilloscope by a very low duty cycle posi
tive and negative -going pulse waveform . As the external
generator is varied in the opposite direction , away from the

1 kHz frequency , the duty cycle of the waveform increases
until a steady dc voltage is again present .

To check the low pass filter , move the oscilloscope probe
to pin 8 of U1820C. The voltage at this point should vary
from approximately +1V to +10V when the input frequen

REVJAN 1982
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cy moves from below to above 1 kHz . Operation of the over
and underrange detectors may be checked by connecting
the oscilloscope probe to U1820D pin 1 for the underrange
and pin 7 for the output of the overrange detector . The
overrange signal should be high when the external gener
ator frequency is above 2.5 kHz. Below about 2 kHz, it
should be low . The underrange signal should be high with an
input frequency below about 180 Hz and low when the input
frequency is raised above about 200 Hz.

Troubleshooting the frequency control circuits can also
be done in the Cal mode . In the Cal mode the processor can
take readings at the operating frequency , but will not correct
the frequency . This allows checking the operation of the fre
quency control logic and counters without frequency adjust
ment by the processor . In the Cal mode , and with any mode
except PH LOCKselected , the processor will repeatedly ini
tiate measurements if the ƒ SLOPEbutton is not illuminat
ed . When + SLOPE is selected , the measurement is
initiated only when the TRIGGERMAN button is depressed .
Each time this measurement is completed the data from the
loop cycle counter is displayed on the front panel . This data
is useful to determine if the counters are operating properly .
Depress the ID button to clear this number from the display .
If the VCF button is pressed , the actual frequency of the
FG5010 can be varied up to 1000 to 1 while data to the
loop cycle counter is unchanged . If the TRIG or BURST
modes are used for these tests , the processor initiates mea
surements first , and triggers Loop 1 or Loop 2 frequency
generating circuits second .
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Maintenance - FG5010

Introduction

Signature analysis provides a simple and direct method

of troubleshooting complex digital circuitry to the compo
nent level . There are three signature analysis modes avail
able . The first is called the kernel test mode . This mode is

used to check the basic processing functions of the instru
ment . It checks the MPU, ROM, address bus , address de

coding and the ROM and RAM chip selects . The second

test , A Loop, checks all the 4094 shift registers and some

logic circuitry associated with them . The third test , B Loop,

checks the Loop 2 and sine shaper logic clocked by the
HFSQsignal . The front panel error codes provide informa

tion useful in isolating the trouble to a particular circuit . Use

Description

Rear Interface Signal
Cable Kit

Extender Kit

Instruction Manual

Pocket Reference Guide

Extender Cable

Circuit Board Pin

Replacement Kit

IC Extracting Tool

Delay Line 30-60 ns

(45 ns nominal )

7-16

Quantity

1

1

Table 7-2

PARTNUMBER REFERENCEFORSUPPORTITEMS

1

SIGNATUREANALYSIS

1

2

1

1

1

the first mode if the error codes displayed are not listed or if
the CPUis suspect . Seethe pullout pages at the rear of this
manual for detailed instructions in performing the checks .

Support Items

The description of the support items currently used with
the FG 5010 is listed in Table 7-2 . Also listed as the loca

tions in this manual where the support item is discussed and

the Tektronix Part Number . Contact your local Tektronix ,
Inc. field office or service center for further information

Location

Adjustment Access, Section 6 ;

Board Extenders , Section 7

Replaceable Mechanical Parts ,

Section 11

Replaceable Mechanical Parts ,

Section 11

Adjustment Access, Section 6

Circuit Board Pins , Section 7

Semiconductors , Section 7

Internal Adjustments , Section 6

Tektronix Part No.

020-0701-00

067-1041-00

070-3467-00

070-3561-00

067-0645-02

040-0542-00

003-0619-00

20-40 ft . (30 ft . nominal

RG58CU 50 coaxial cable (175

0300-00 ) and 2 ea. crimp style male

Bnc connectors ( 131-0442-00) .

Note: These parts may be available lo

cally . Any of several other styles of
Bnc connectors would be suitable .
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OPTIONS

No options are available .

Section 8-FG 5010
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Replacement parts are available from or through your local
Tektronix , Inc. Field Office or representative .

Changes to Tektronix instruments are sometimes made to
accommodate improved components as they become available ,
and to give you the benefit of the latest circuit improvements
developed in our engineering department . It is therefore impor
tant , when ordering parts , to include the following information in
your order: Part number , instrument type or number , serial
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 represen
tative will contact you concerning any change in part number .

Change information , if any , is located at the rear of this
manual .

LISTOFASSEMBLIES

A list of assemblies can be found at the beginning of the
Electrical Parts List . The assemblies are listed in numerical order .
When the complete component number of a part is known ,this list
will identify the assembly in which the part is located .

CROSSINDEX-MFR. CODENUMBERTO
MANUFACTURER

The Mfr . Code Number to Manufacturer index for the
Electrical Parts List is located immediately after this page. The
Cross Index provides codes , names and addresses of manufac
turers of components listed in the Electrical Parts List .

REPLACEABLE

ELECTRICALPARTS

PARTSORDERINGINFORMATION

Abbreviations conform to American National Standard Y1.1.

ABBREVIATIONS

COMPONENTNUMBER( column one of the
Electrical Parts List )

A numbering method has been used to identify assemblies ,
subassemblies and parts . Examples of this numbering method
and typical expansions are illustrated by the following :

Example a. component number

A23 R1234A23R1234

Assembly number

Example b.

A23A2R1234
Assembly
number

Read: Resistor 1234 of Assembly 23

Circuit number

A23

z

component number

A2 R1234

Subassembly Circuit
number number

Read: Resistor 1234 of Subassembly 2 of Assembly 23

Section 9- FG5010

Only the circuit number will appear on the diagrams and
circuit board illustrations . Each diagram and circuit board
illustration is clearly marked with the assembly number .
Assembly numbers are also marked on the mechanical exploded
views located in the Mechanical Parts List . The component
number is obtained by adding the assembly number prefix to the
circuit number .

The Electrical Parts List is divided and arranged by
assemblies in numerical sequence (e.g., assembly A1 with its
subassemblies and parts , precedes assembly A2 with its sub
assemblies and parts ).

Chassis- mounted parts have no assembly number prefix
and are located at the end of the Electrical Parts List .

TEKTRONIXPARTNO. ( column two of the
Electrical Parts List )

Indicates part number to be used when ordering replace
ment part from Tektronix .

SERIAL/ MODELNO. ( columns three and four
of the Electrical Parts List )

Column three ( 3) indicates the serial number at which the
part was first used . Column four (4) indicates the serial number at
which the part was removed . No serial number entered indicates
part is good for all serial numbers .

NAME & DESCRIPTION( column five of the
Electrical Parts List )

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

MFR.CODE( column six of the Electrical Parts
List)

Indicates the code number of the actual manufacturer ofthe
part . (Code to name and address cross reference can be found
immediately after this page.)

MFR. PARTNUMBER( column seven of the
Electrical Parts List )

Indicates actual manufacturers part number .

9-1



Replaceable Electrical Parts- FG5010

Mfr . Code

000GU
0000L
00853
01121
01295

02735
03508

04222
04713
05574
07263

12969
14433

14552
16299

17856
18324
20932

21317
21847
22526
24355
24546

24931
27014
32159
32997
33096
50157

50434
50522

51642
53184
54473
55210
55576
55680
56289
58361

59660
72982
73138
74970
75042

75915
78488
80009
81073
90201

91637
98291

9-2

CROSSINDEX- MFR. CODENUMBERTO MANUFACTURER

Manufacturer

SUPERTEXINC.
MATSUSHITAELECTRIC
SANGAMO ELECTRICCO. , S. CAROLINADIV.
ALLEN BRADLEYCOMPANY
TEXAS INSTRUMENTS, INC . , SEMICONDUCTOR
GROUP
RCA CORPORATION, SOLID STATE DIVISION
GENERALELECTRICCOMPANY, SEMI- CONDUCTOR
PRODUCTSDEPARTMENT
AVX CERAMICS, DIVISION OF AVX CORP.
MOTOROLA, INC . , SEMICONDUCTORPROD. DIV.
VIKING INDUSTRIES, INC.
FAIRCHILDSEMICONDUCTOR, A DIV. OF
FAIRCHILDCAMERA AND INSTRUMENT CORP.
UNITRODE CORPORATION
ITT SEMICONDUCTORS

MICRO SEMICONDUCTORCORP.
CORNINGGLASS WORKS, ELECTRONIC
COMPONENTSDIVISION
SILICONIX, INC.
SIGNETICSCORP.
EMCON DIV OF ILLINOIS TOOL WORKS INC .

ELECTRONICAPPLICATIONSCOMPANY
AERTECHINDUSTRIES
BERG ELECTRONICS, INC .
ANALOGDEVICES INC.
CORNING GLASS WORKS, ELECTRONIC
COMPONENTSDIVISION
SPECIALITYCONNECTORCO. , INC .
NATIONAL SEMICONDUCTORCORP.
WEST- CAP ARIZONA
BOURNS, INC . , TRIMPOT PRODUCTSDIV.
COLORADOCRYSTALCORPORATION
MIDWEST COMPONENTSINC .

HEWLETT- PACKARDCOMPANY
MONSANTO CO. , ELECTRONICSPECIAL
PRODUCTS
CENTRE ENGINEERINGINC .
XCITON CORPORATION
MATSUSHITAELECTRIC, CORP. OF AMERICA
GETTIGENG. AND MFG. COMPANY
SYNERTEX
NICHICON/ AMERICA/ CORP.
SPRAGUEELECTRICCO.
GENERAL INSTRUMENT CORP.
OPTO ELECTRONICSDIV.
TUSONIX INC.
ERIE TECHNOLOGICALPRODUCTS, INC.
BECKMAN INSTRUMENTS, INC . , HELIPOTDIV.
JOHNSON, E. F. , CO.
TRW ELECTRONICCOMPONENTS, IRC FIXED
RESISTORS, PHILADELPHIADIVISION
LITTELFUSE, INC .
STACKPOLECARBON CO.
TEKTRONIX, INC.
GRAYHILL, INC.
MALLORYCAPACITORCO. , DIV. OF
P. R. MALLORYAND CO. , INC .
DALE ELECTRONICS, INC .
SEALECTROCORP.

Address

1225 BORDEAUXDRIVE
200 PARK AVENUE, 54TH FLOOR
PO BOX 128
1201 2ND STREET SOUTH
PO BOX 5012 , 13500 N CENTRAL
EXPRESSWAY
ROUTE 202

ELECTRONICSPARK
PO BOX 867 , 19TH AVE. SOUTH
5005 E MCDOWELLRD, PO BOX 20923
21001 NORDHOFF STREET

464 ELLIS STREET
580 PLEASANTSTREET
3301 ELECTRONICSWAY
PO BOX 3049
2830 E FAIRVIEWST.

3900 ELECTRONICSDR.
2201 LAURELWOODDRIVE
811 E. ARQUES
11620 SORRENTOVALLEYRD
PO BOX 81542
2213 EDWARDS AVENUE
825 STEWARTDR.
YOUK EXPRESSWAY
RT 1 INDUSTRIALPK , P O BOX 280

550 HIGH STREET
2620 ENDRESS PLACE
2900 SEMICONDUCTORDR.
2201 E. ELVIRAROAD
1200 COLUMBIA AVE.
2303 W 8TH STREET
P. O. BOX 787
1981 PORT CITY BLVD.
640 PAGE MILL ROAD

3400 HILLVIEWAVENUE
2820 E COLLEGEAVENUE
5 HEMLOCK STREET
1 PANASONICWAY
PO BOX 85 , OFF ROUTE45
3050 CORONADODR
6435 N PROESELAVENUE
87 MARSHALL ST.

3400 HILLVIEWAVE
2155 N FORBES BLVD
644 W. 12TH ST.
2500 HARBOR BLVD.
299 10TH AVE. S. W.

401 N. BROAD ST.
800 E. NORTHWESTHWY

PO BOX 500
561 HILLGROVEAVE. , PO BOX 373
3029 E. WASHINGTONSTREET
P. O. BOX 372
P. O. BOX 609
225 HOYT

City , State , Zip

SUNNYVALE, CA 94086
NEW YORK, NY 10017
PICKENS, SC 29671
MILWAUKEE, WI 53204

DALLAS, TX 75222
SOMERVILLE, NY 08876

SYRACUSE, NY 13201
MYRTLE BEACH, SC 29577
PHOENIX, AZ 85036
CHATSWORTH, CA 91311

MOUNTAIN VIEW, CA 94042
WATERTOWN, MA 02172

WEST PALM BEACH, FL 33402
SANTA ANA, CA 92704

RALEIGH, NC 27604
SANTA CLARA, CA 95054
SUNNYVALE, CA 94086

SAN DIEGO, CA 92121
SOUTH EL MONTE, CA 91733
SUNNYVALE, CA 94086
NEW CUMBERLAND, PA 17070
NORWOOD, MA 02062

BRADFORD, PA 16701
GREENWOOD, IN 46142
SANTA CLARA, CA 95051
TUCSON, AZ 85706
RIVERSIDE, CA 92507
LOVELAND, CO 80537

MUSKEGON, MI 49443
PALOALTO, CA 94304

PALO ALTO, CA 94304
STATE COLLEGE, PA 16801
LATHAM, NY 12110
SECAUCUS, NJ 07094
SPRING MILLS, PA 16875
SANTA CLARA, CA 95051

60645CHICAGO, IL
NORTH ADAMS, MA 01247

PALO ALTO, CA 94304
TUCSON, AZ 85705
ERIE, PA 16512
FULLERTON, CA 92634
WASECA, MN 56093

PHILADELPHIA, PA 19108
DES PLAINES, IL 60016
ST. MARYS, PA 15857
BEAVERTON, OR 97077
LA GRANGE, IL 60525

INDIANAPOLIS, IN 46206
COLUMBUS, NE 68601
MAMARONECK, NY 10544

REVMAR 1982

)

U

L

U

1

U

U

€•

U

U

U

U



€

1

•

n

1

7

n

1

C

)

n

•

1

7

n

€

•

•

7

Component No.

A10
A20
A30
A40
A50
A60

A70
A80

A10
A10DS1001
A10DS1002
A10DS1003
A10DS1011
A10DS1012

A10DS1013
A10DS1014
A10DS1015
A10DS1016
A10DS1021
A10DS1022

A10DS1023
A10DS1024
A10DS1025
A10DS1026
A10DS1101
A10DS1102

A10DS1111
A10DS1112
A10DS1113
A10DS1114
A10DS1115
A10DS1123

A10DS1124
A10DS1201
A10DS1202
A1ODS1203
A10DS1204
A10DS1205

A10DS1206
A10DS1211
A10DS1212
A10DS1222
A1ODS1301
A1ODS1302

A10DS1303
A10DS1325
A10DS1326
A10P1230
A10P1470
A10R1002

Al0R1101A,
A10R1121
A10R1301
A10S1011
A1081012

B

REVJUN 1982

Tektronix
Part No.

670-6912-00
670-6913-00
670-6907-00
670-6906-00
670-6908-00
670-6909-00

670-6910-00
670-6911-00

670-6912-00
150-1043-00
150-1053-00
150-1053-00
150-1043-00
150-1043-00

150-1043-00
150-1043-00
150-1043-00
150-1043-00
150-1043-00
150-1043-00

150-1043-00
150-1043-00
150-1029-00
150-1029-00
150-1053-00
150-1053-00

150-1043-00
150-1043-00
150-1043-00
150-1043-00
150-1043-00
150-1043-00

150-1043-00
150-1038-00
150-1037-00
150-1043-00
150-1043-00
150-1043-00

150-1043-00
150-1043-00
150-1043-00
150-1043-00
150-1043-00
150-1043-00

150-1043-00
150-1043-00
150-1043-00
131-1614-00
131-1614-00
315-0271-00

307-0675-00
315-0271-00
315-0271-00
263-0019-35
263-0019-35

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts- FG5010

Name & Description

CKT BOARD ASSY: FRONT PANEL
CKT BOARD ASSY: INTERFACE
CKT BOARD ASSY: MICROPROCESSOR
CKT BOARD ASSY: DISPLAYDRIVER
CKT BOARD ASSY: OUTPUTAMPL
CKT BOARD ASSY: LOOP I

CKT BOARD ASSY: LOOP II
CKT BOARD ASSY: SINE SHAPER

CKT BOARD ASSY: FRONT PANEL
LT EMITTING DIO: RED, 20MA , 5V
LAMP, LED RDOUT: ORANGE, 7 SEG, 0.4 DIGIT
LAMP, LED RDOUT: ORANGE, 7 SEG, 0.4 DIGIT
LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA, 5V

LT EMITTING DIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA , 5V
LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA , 5V

LT EMITTING DIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA , 5V
LT EMITTING DIO: GREEN, 565NM , 35MA
LT EMITTINGDIO: GREEN, 565NM , 35MA
LAMP, LED RDOUT: ORANGE, 7 SEG, 0.4 DIGIT
LAMP, LED RDOUT: ORANGE, 7 SEG, 0.4 DIGIT

LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA , 5V
LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA , 5V

LT EMITTINGDIO: RED, 20MA , 5V
LAMP, LED RDOUT: ORANGE 7SEG, POLARITYIND
LAMP, LED, RDOUT: 7 SEGMENT, LH DECIMAL, ORANGE
LT EMITTING DIO: RED, 20MA , 5V
LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA ,5V

LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTINGDIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA ,5V
LT EMITTING DIO: RED, 20MA , 5V
LT EMITTINGDIO: RED, 20MA ,5V
LT EMITTING DIO: RED, 20MA , 5V

LT EMITTING DIO: RED, 20MA , 5V
LT EMITTING DIO: RED, 20MA ,5V
LT EMITTING DIO: RED, 20MA , 5V
CONTACTASSY,EL:
CONTACTASSY,EL:
RES. , FXD , CMPSN: 270 OHM , 5 %, 0.25W

RES NTWK, FXD FI : 9,1K OHM , 2 %, 1.25W
RES. , FXD, CMPSN: 270 OHM, 5%, 0.25W
RES. , FXD, CMPSN: 270 OHM, 5 %, 0.25W
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY

Mfr
Code Mfr Part Number

80009 670-6912-00
80009 670-6913-00
80009 670-6907-00
80009 670-6906-00
80009 670-6908-00
80009 670-6909-00

80009 670-6910-00
80009 670-6911-00

80009 670-6912-00
58361 MV5774C
58361 Q3411
58361 Q3411
58361 MV5774C
58361 MV5774C

58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C

58361 MV5774C
58361 MV5774C
53184 XC209G
53184 XC209G
58361 Q3411
58361 Q3411

58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C

58361 MV5774C
58361
58361
58361 MV5774C
58361 MV5774C
58361 MV57740

03410/ MAN3630A
03409 / MAN36202

58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C
58361 MV5774C

58361 MV5774C
58361 MV5774C
58361 MV5774C
22526 65502-136
22526 65502-136
01121 CB2715

01121 210A102
01121 CB2715
01121 CB2715
80009 263-0019-35
80009 263-0019-35
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Replaceable Electrical Parts- FG5010

Component No.

A10S1013
A10S1014
A10S1015
A10S1016
A10S1021
A10S1022

A10S1023
A10S1024
A10S1111
A10S1112
A10S1113
A10S1114

A10S1115
A10S1121
A10S1122
A10S1123
A10S1124
A10S1211

A10S1212
A10S1213
A10S1214
A10S1215
A10S1221
A10S1222

A10S1223
A10S1224
A10S1311
A10S1312
A10S1313
A10S1314

A10S1315
A10S1316
A10S1317
A10S1318
A10S1319
A10S1321

A10S1322
A10S1323
A10S1324
A10S1325
A10S1326

9-4

Tektronix Serial / Model No.
Part No. Eff Dscont

263-0019-35
263-0019-35
263-0019-35
263-0019-35
263-0019-35
263-0019-35

263-0019-35
263-0019-35
263-0019-35
263-0019-35
263-0019-35
263-0019-35

263-0019-35
263-0019-38
263-0019-38
263-0019-35
263-0019-35
263-0019-35

263-0019-35
263-0019-38
263-0019-38
263-0019-38
263-0019-38
263-0019-35

263-0019-38
263-0019-38
263-0019-38
263-0019-38
263-0019-36
263-0019-38

263-0019-38
263-0019-38
263-0019-38
263-0019-38
263-0019-38
263-0019-38

263-0019-38
263-0019-37
263-0019-38
263-0019-35
263-0019-35

Name & Description

SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY

SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY

SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY

ASSY: MOMENTARY
ASSY: MOMENTARY

SWITCH, PB
SWITCH, PB
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY

SWITCH, PB
SWITCH, PB
SWITCH, PB
SWITCH, PB
SWITCH, PB
SWITCH, PB

ASSY: MOMENTARY
ASSY: MOMENTARY
ASSY: MOMENTARY
ASSY: MOMENTARY
ASSY: MOMENTARY
ASSY: MOMENTARY

SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY

SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY
SWITCH, PB ASSY: MOMENTARY

Mfr
Code Mfr Part Number

263-0019-3580009
80009
80009 263-0019-35

263-0019-35

80009 263-0019-35
80009 263-0019-35
80009 263-0019-35

80009 263-0019-35
80009 263-0019-35
80009 263-0019-35
80009 263-0019-35
80009 263-0019-35
80009 263-0019-35

80009 263-0019-35
80009 263-0019-38
80009 263-0019-38
80009 263-0019-35
80009 263-0019-35
80009 263-0019-35

80009 263-0019-35
80009 263-0019-38
80009 263-0019-38

263-0019-3880009
80009 263-0019-38
80009 263-0019-35

80009 263-0019-38
80009 263-0019-38
80009 263-0019-38
80009 263-0019-38
80009 263-0019-36
80009 263-0019-38

80009 263-0019-38
80009 263-0019-38
80009 263-0019-38
80009 263-0019-38
80009 263-0019-38
80009 263-0019-38

80009 263-0019-38
80009 263-0019-37
80009 263-0019-38
80009 263-0019-35
80009 263-0019-35
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Component No.
A20
A20J1010
A20J1050
A20J1110
A20J1150
A20J1230

A20J1310
A20J1312
A20J1350
A20J1360
A20J1362
A20J1470

A20J1510
A20J1550
A20J1560
A20J1562
A20J1610
A20J1650

A20J1652
A20J1660
A20J1810
A20J1812
A20J1850
A20J1860

REVJUN 1982

Tektronix
Part No.

670-6913-00
131-2063-00
131-2063-00
131-2063-00
131-2063-00
131-2173-00

131-2063-00
131-1425-00
131-0582-00
131-0582-00
131-1425-00
131-2174-00

131-2063-00
131-0582-00
131-0582-00
131-1425-00
131-2063-00
131-0582-00

131-1425-00
131-0582-00
131-2063-00
131-1425-00
131-0582-00
131-0582-00

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts- FG5010

Name & Description
CKT BOARD ASSY: INTERFACE
CONN,RCPT, ELEC: CIRCUIT CARD, 15/30 FEMALE
CONN,RCPT, ELEC: CIRCUIT CARD, 15/30 FEMALE
CONN, RCPT,ELEC: CIRCUITCARD, 15/30 FEMALE
CONN,RCPT, ELEC: CIRCUIT CARD, 15/30 FEMALE
CONN, RCPT, ELEC: CIRCUIT BD , 15CONTACT

CONN, RCPT, ELEC: CIRCUIT CARD, 15/30 FEMALE
CONTACTSET, ELE: R ANGLE, 0.150" L, STR OF 36
CONN, RCPT, ELEC: SNAP- ON FEMALE, MODIFIED
CONN, RCPT, ELEC: SNAP- ON FEMALE, MODIFIED
CONTACTSET, ELE: R ANGLE, 0.150" L, STR OF 36
CONN, RCPT, ELEC: CIRCUIT BD , 125 CONTACTS

CONN, RCPT, ELEC: CIRCUIT CARD, 15/30 FEMALE
CONN, RCPT, ELEC: SNAP- ON FEMALE,MODIFIED
CONN, RCPT, ELEC: SNAP- ON FEMALE, MODIFIED
CONTACTSET, ELE: R ANGLE, 0.150" L , STR OF 36
CONN, RCPT, ELEC: CIRCUIT CARD, 15/30 FEMALE
CONN, RCPT, ELEC: SNAP- ON FEMALE, MODIFIED

CONTACTSET, ELE: R ANGLE, 0.150" L , STR OF 36
CONN, RCPT, ELEC: SNAP-ON FEMALE, MODIFIED
CONN,RCPT, ELEC: CIRCUIT CARD, 15/30 FEMALE
CONTACTSET, ELE: R ANGLE, 0.150" L , STR OF 36
CONN, RCPT, ELEC: SNAP- ON FEMALE,MODIFIED
CONN, RCPT, ELEC: SNAP- ON FEMALE, MODIFIED

Mfr
Code Mfr Part Number

80009 670-6913-00
05574 000-201-4986
05574 000-201-4986
05574 000-201-4986
05574 000-201-4986
22526 65780-015

05574 000-201-4986
22526 65521-136
98291 52-052-0049
98291 52-052-0049
22526 65521-136
22526 65780-025

05574 000-201-4986
98291 52-052-0049
98291 52-052-0049
22526 65521-136
05574 000-201-4986
98291 52-052-0049

22526 65521-136
98291 52-052-0049
05574 000-201-4986
22526 65521-136
98291 52-052-0049
98291 52-052-0049
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Replaceable Electrical Parts- FG5010

Component No.
A30
A3001100
A3001120
A30C1122
A3001131
A30C1132

A3001133
A3001134
A3001135
A3001210
A30C1231
A30C1300

A30C1320
A30C1420
A30C1510
A3001522
A30C1610
A30C1630

A30C1730
A3001731
A30C1800
A30C1820
A30C1900
A30C1920

A30CR1231
A30J1121

A30J1210

A30J1220

A30J1515

A30L1910
A30Q1100
A30Q1131
A30Q1132

A30Q1133
A30Q1231
A30R1100
A30R1120
A30R1121
A30R1131

A30R1132
A30R1133
A30R1134
A30R1135
A30R1136
A30R1137

A30R1200
A30R1210
A30R1212
A30R1224
A30R1231
A30R1232

A30R1233
A30R1234
A30R1235

9-6

Tektronix Serial / Model No.
Part No. Eff Dscont

670-6907-00
281-0775-00
281-0775-00
290-0755-00
281-0773-00
281-0819-00

281-0773-00
281-0798-00
281-0773-00
281-0775-00
281-0773-00
281-0775-00

281-0775-00
281-0775-00
281-0775-00
281-0775-00
281-0775-00
281-0823-00

281-0775-00
281-0772-00
281-0775-00
281-0775-00
281-0775-00
290-0759-00

152-0141-02
131-0608-00

131-0608-00

131-2401-00

131-0608-00

108-0574-00
151-0190-00
151-0190-00
151-0220-00

151-0190-00
151-0220-00
315-0103-00
315-0101-00
307-0446-00
315-0513-00

315-0273-00
315-0511-00
315-0102-00
315-0472-00
315-0102-00
315-0103-00

315-0472-00
315-0332-00
315-0102-00
315-0332-00
315-0472-00
315-0910-00

315-0472-00
315-0103-00
315-0221-00

Name & Description
CKT BOARD ASSY: MICROPROCESSOR
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V
CAP. , FXD, ELCTLT: 100UF, +50-10% , 10V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD, CER DI : 33PF , 5 % , 50V

CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD,CER
CAP. , FXD , CER
CAP. , FXD , CER

CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER

DI : 0.01UF, 10% , 100V
DI : 51PF, 1% , 100V
DI : 0.01UF, 10% , 100V
DI : 0.1UF, 20 % , 50V
DI : 0.01UF, 10% , 100V
DI : 0.1UF, 20 % ,50V

DI : 0.1UF, 20 % , 50V
DI : 0.1UF, 20 % , 50V
DI : 0.1UF, 20 % , 50V
DI : 0.1UF, 20 %, 50V
DI : 0.1UF, 20 %, 50V
DI : 470PF, 10% , 50V

CAP. , FXD , CER
CAP. , FXD, CER
CAP. , FXD, CER

DI : 0.1UF, 20 %, 50V
DI : 0.0047UF, 10%, 100V
DI : 0.1UF, 20 %, 50V

CAP. , FXD, CER DI : 0.1UF, 20 %,50V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V
CAP. , FXD, ELCTLT: 290UF , +75-10% , 15V

SEMICOND DEVICE: SILICON, 30V , 150MA
TERMINAL, PIN : 0.365 L X 0.025 PH BRZ GOLD
(QUANTITYOF 4 )
TERMINAL, PIN: 0.365 L X 0.025 PH BRZ GOLD
(QUANTITYOF 3)

B010100 B010249X CONN, RCPT, ELEC: 2 X 25 ,MALE

TERMINAL, PIN : 0.365 L X 0.025 PH BRZ GOLD
(QUANTITYOF 3 )
COIL, RF: 30UH
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, PNP

TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, PNP
RES. , FXD, CMPSN: 10K OHM, 5%,0.25W
RES. , FXD, CMPSN: 100 OHM , 5%,0.25W
RES, NTWK, FXD FI : 10K OHM , 20 % , ( 9 ) RES
RES. , FXD, CMPSN: 51K OHM, 5%,0.25W

RES. , FXD , CMPSN: 27K OHM,5%,0.25W
RES. , FXD , CMPSN: 510 OHM, 5% ,0.25W
RES , FXD, CMPSN: 1K OHM, 5%,0.25W
RES. , FXD, CMPSN: 4.7K OHM, 5% ,0.25W
RES , FXD, CMPSN: 1K OHM , 5 %,0.25W
RES , FXD, CMPSN: 10K OHM , 5 %,0.25W

RES. , FXD, CMPSN: 4.7K OHM, 5 % , 0.25W
RES. , FXD , CMPSN: 3.3K OHM, 5% ,0.25W
RES. , FXD, CMPSN: 1K OHM, 5%,0.25W
RES. , FXD, CMPSN: 3.3K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 4.7K OHM, 5%, 0.25W
RES. , FXD, CMPSN: 91 OHM, 5 %, 0.25W

RES. , FXD, CMPSN: 4.7K OHM , 5 %, 0.25W
RES. , FXD , CMPSN: 10K OHM, 5%,0.25W
RES, ,FXD, CMPSN: 220 OHM , 5 %,0.25W

Mfr
Code Mfr Part Number

80009 670-6907-00
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
56289 502D223
04222 GC70-1C103K
72982 8035BC0G330

04222 GC70-1C103K
04222 MC101A510G
04222 GC70-10103K
72982 8005D9AABZ5U104M
04222 GC70-1C103K
72982 8005D9AAB25U104M

72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
12969 CGB471KDN

72982 8005D9AABZ5U104M
04222 GC701C472K
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
90201 TTX291U015C1A3

01295 1N4152R
22526 47357

22526 47357

22526 65610-150

22526 47357

80009 108-0574-00
07263 S032677
07263 S032677
07263 S036228

07263 S032677
07263 S036228
01121 CE1035
01121 CB1015
91637 MSP10A01-103M
01121 CB5135

01121 CB2735
CB511501121
CB102501121

01121 CB4725
01121 CB1025
01121 CB1035

01121 CB4725
01121 CB3325
01121 CB1025
01121 CB3325
01121 CB4725
01121 CB9105

01121 CB4725
01121 CB1035
01121 CB2215
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Component No.

A30R1420
A30R1421
A30R1422
A30R1423
A30R1424
A30R1425

A30R1426
A30R1427
A30R1500
A30R1502
A30R1520
A30R1522

A30R1600
A30R1610
A30R1630
A30R1631
A30R1634
A30R1730

A30R1731
A30R1900
A30R1902
A30R1930
A30R1931
A30R1932

A30R1933
A30R1934
A30R1935
A30R1940
A30R1941
A30S1121

A30TP1301
A30TP1331
A30TP1332
A30TP1521
A30TP1522
A30TP1621

A30TP1622
A30TP1741
A30U1100
A30U1102
A30U1102
A30U1110

A30U1200
A30U1230
A30U1232
A3001310
A3001312
A30U1320

A30U1330
A30U1332
A30U1400
A30U1420
A30U1440
A30U1500

A30U1510
A3001512
A30U1520

REVJUN 1982

Tektronix
Part No.

315-0101-00
315-0101-00
315-0101-00
315-0101-00
315-0101-00
315-0101-00

315-0101-00
315-0101-00
315-0102-00
315-0102-00
315-0122-00
315-0102-00

315-0103-00
315-0102-00
315-0621-00
315-0621-00
315-0103-00
315-0102-00

315-0103-00
315-0102-00
315-0102-00
315-0103-00
315-0103-00
315-0103-00

315-0103-00
315-0103-00
315-0103-00
315-0103-00
315-0103-00
260-2064-00

214-0579-00
214-0579-00
214-0579-00
214-0579-00
214-0579-00
214-0579-00

214-0579-00
214-0579-00
156-1415-00
156-1444-00 B010100 B010509
156-1444-01 B010510
156-1414-00

156-1111-00
156-1341-00
156-1341-00
156-1342-00
156-1277-00
156-1277-00

156-1277-00
160-0936-00
156-1323-00
160-1713-00
160-0935-00
156-1323-00

Serial / Model No.
Eff Dscont

156-0382-02
156-0469-02
156-0469-02

Name & Description

RES. , FXD, CMPSN: 100
RES. , FXD , CMPSN: 100
RES. , FXD, CMPSN: 100
RES. , FXD, CMPSN: 100
RES , FXD , CMPSN: 100
RES. , FXD, CMPSN: 100

Replaceable Electrical Parts- FG5010

OHM, 5 %, 0.25W
OHM, 5 %, 0.25W
OHM , 5 % , 0.25W
OHM, 5 % , 0.25W
OHM , 5% , 0.25W
OHM,5 %, 0.25W

RES. , FXD , CMPSN: 100 OHM, 5 %,0.25W
RES. , FXD, CMPSN: 100 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 1K OHM,5%,0.25W
RES. , FXD , CMPSN: 1K OHM , 5%,0.25W
RES. , FXD , CMPSN: 1.2K OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 1K OHM, 5 %, 0.25W

RES. , FXD , CMPSN: 10K OHM, 5 %,0.25W
RES. , FXD, CMPSN: 1K OHM, 5 % , 0.25W
RES. , FXD , CMPSN: 620 OHM , 5 %, 0.25W
RES. , FXD , CMPSN: 620 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 10K OHM , 5 %, 0.25W
RES. , FXD , CMPSN: 1K OHM , 5 %, 0.25W

RES. , FXD, CMPSN: 10K OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 1K OHM , 5 %,0.25W
RES. , FXD , CMPSN: 1K OHM , 5%, 0.25W
RES. , FXD, CMPSN: 10K OHM, 5 %,0.25W
RES. , FXD , CMPSN: 10K OHM , 5% , 0.25W
RES. , FXD, CMPSN: 10K OHM,5 % , 0.25W

RES. , FXD , CMPSN: 10K OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 10K OHM, 5 %,0.25W
RES. , FXD, CMPSN: 10K OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 10K OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 10K OHM ,5 %, 0.25W
SWITCH,ROCKER: ( 6 ) SPST, 125MA, 30VDC

TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL

TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
MICROCIRCUIT, DI : OCTAL GPIB XCVR MTG BUS
MICROCIRCUIT, DI : GPIB ADAPTER
MICROCIRCUIT, DI : NMOS, GPIB ADAPTER
MICROCIRCUIT, DI : OCTAL GPIB XCVR DATA BUS

MICROCIRCUIT, DI : OCTAL BUS TRANSCEIVERS
MICROCIRCUIT, DI : 3 STATE HEX INVERTINGBFR
MICROCIRCUIT, DI : 3 STATE HEX INVERTINGBFR
MICROCIRCUIT, DI : 8 BIT W / CLOCK& RAM
MICROCIRCUIT, DI : 3 STATE OCTAL BFR
MICROCIRCUIT, DI : 3 STATE OCTALBFR

MICROCIRCUIT, DI : 3 STATE OCTAL BFR
MICROCIRCUIT, DI : 8192 X 8 MROM, PROGRAMMED
MICROCIRCUIT, DI : 1024 X 4 STATIC RAM
MICROCIRCUIT, DI : STTL, FIELD PRGM LOGIC
MICROCIRCUIT, DI : 8192 X 8 MROM , PROGRAMMED
MICROCIRCUIT, DI : 1024 X 4 STATIC RAM

MICROCIRCUIT, DI : QUAD 2 - INP NAND GATE
MICROCIRCUIT, DI : 3/8 LINE DCDR
MICROCIRCUIT, DI : 3/8 LINE DCDR

Mfr
Code Mfr Part Number

01121 CB1015
01121 CB1015
01121 CB1015
01121 CB1015
01121 CB1015
01121 CB1015

01121 CB1015
01121 CB1015
01121 CB1025
01121 CB1025
01121 CB1225
01121 CB1025

01121 CB1035
01121 CB1025
01121 CB6215
01121 CB6215
01121 CB1035
01121 CB1025

01121 CB1035
01121 CB1025
01121 CB1025
01121 CB1035
01121 CB1035
01121 CB1035

01121 CB1035
01121 CB1035
01121 CB1035
01121 CB1035
01121 CB1035
81073 76YY2759S

80009 214-0579-00
80009 214-0579-00
80009 214-0579-00
80009 214-0579-00
80009 214-0579-00
80009 214-0579-00

80009 214-0579-00
80009 214-0579-00
01295 SN75161
01295 TMS9914 ( N OR J)
01295 TMS9914NL

SN7516001295

80009 156-1111-00
07263 F40098BDC
07263 F40098BDC
07263 F6802DC
27014 DM81LS95
27014 DM81LS95

27014 DM81LS95
80009 160-0936-00
80009 156-1323-00
80009 160-1713-00
80009 160-0935-00
80009 156-1323-00

01295 SN74LS00
01295 SN74LS138NP3
01295 SN74LS138NP3

9-7



Replaceable Electrical Parts- FG5010

Component No.

A30U1540
A30U1600
A30U1610
A30U1612
A30U1620
A30U1630

A30U1640
A30U1720
A3001722
A30U1730
A3001732
A30U1800

A30U1810
A30U1812
A30U1830
A30Y1131

9-8

Tektronix Serial / Model No.
Part No. Eff Dscont

160-0934-00
156-0383-02
156-0645-02
156-0479-02
156-0386-02
156-0645-02

160-1712-00
156-1539-00
156-0480-02
156-0382-02
156-0523-01
156-0350-05

156-0366-02
156-0382-02
156-1535-00
158-0251-00

Mfr
Code Mfr Part NumberName & Description

MICROCIRCUIT, DI : 8192 X 8 MROM, PROGRAMMED
MICROCIRCUIT, DI : QUAD 2 - INP NOR GATE
MICROCIRCUIT, DI : HEX INV ST NAND GATES, SCRN
MICROCIRCUIT, DI : QUAD 2 - INP OR GATE

01295
01295
01295MICROCIRCUIT, DI : TRIPLE 3- INPUT NAND GATE

MICROCIRCUIT, DI : HEX INV ST NAND GATES, SCRN 01295

MICROCIRCUIT, DI : DUAL D FLIP- FLOP, CHK
MICROCIRCUIT, DI : QUAD 2 - INP NAND GATE
MICROCIRCUIT, DI : PRGM KYBD/ DELAY INTFC
XTAL UNIT,QTZ: 4.0MHZ , 0.001% , ANTIRESONANT

80009 160-0934-00
SN74LS0201295

MICROCIRCUIT, DI : 2048 X 8 EPROM, PROGRAMMED
MICROCIRCUIT, DI : 6522 , I / D PORT W / TIMER, NMOS
MICROCIRCUIT, DI : QUAD 2 INP & GATE
MICROCIRCUIT, DI : QUAD 2- INP NAND GATE
MICROCIRCUIT, DI : 7 - STAGE BINARY COUNTER, SCRN 04713
MICROCIRCUIT, DI : QUAD 2 INPUT NAND GATE, CHK 80009

80009
55576
01295
01295

SN74LS14NP3
SN74LS32NP3
SN74LS10
SN74LS14NP3

160-1712-00
SYP6522
SN74LS08NP3
SN74LS00
MC14024BCLD
156-0350-05

80009 156-0366-02
01295 SN74LS00
80009 156-1535-00
33096 PB 1370

REVJUN 1982

>

D

U

U

U

U

€•

U

(

23

U

C

C

U

C



c

n

J

n

n

n

C

e

c

C

--

C

n

C

C

C

Component No.
A40
A40C1021
A40C1022
A40C1023
A40C1024
A40C1031

A40C1032
A40C1033
A40C1034
A40C1131
A40C1210
A40C1220

A40C1222
A40C1230
A4001310
A40C1311
A40C1312
A40C1323

A40C1330
A40C1420
A40C1421
A40C1422
A40C1430
A40C1431

A40C1432
A40C1501
A40C1510
A40C1520
A40C1522
A40C1530

A40C1601
A40CR1210
A40CR1320
A40CR1331
A40CR1412
A40CR1420

A40CR1520
A40CR1521
A40CR1522
A40CR1523
A40J1615
A40L1520

A40L1620
A40Q1011
A40Q1012
A4001014
A40Q1016
A4001020

A40Q1021
A40Q1022
A40Q1023
A40Q1024
A40Q1025
A40Q1031

A40Q1032
A40Q1033
A40Q1034

REVJUN1982

Tektronix
Part No.

670-6906-00
283-0191-00
283-0191-00
283-0191-00
283-0191-00
283-0191-00

283-0191-00
283-0191-00
283-0191-00
283-0220-00
281-0775-00
285-0808-00

285-0808-00
281-0775-00
281-0775-00
281-0865-00
281-0775-00
281-0773-00

281-0865-00
281-0775-00
281-0809-00
281-0865-00
281-0775-00
281-0775-00

281-0775-00
290-0773-00
281-0775-00
281-0775-00
281-0775-00
290-0759-00

290-0773-00
152-0066-00
152-0141-02
152-0141-02
152-0066-00
152-0141-02

152-0141-02
152-0141-02
152-0141-02
152-0141-02
131-1425-00
108-1045-00

108-1045-00
151-0622-00
151-0622-00
151-0622-00
151-0622-00
151-0622-00

151-0207-00
151-0207-00
151-0207-00
151-0207-00
151-0207-00
151-0207-00

151-0207-00
151-0207-00
151-0207-00

Serial / Model No.
Eff Dscont Name & Description.

CKT BOARD ASSY: DISPLAYDRIVER
CAP. , FXD, CER DI : 0.022UF , 20 % , 50V
CAP. , FXD, CER DI : 0.022UF, 20 % , 50V
CAP. , FXD, CER DI : 0.022UF,20 % , 50V
CAP. , FXD, CER DI : 0.022UF, 20 % , 50V
CAP. , FXD, CER DI : 0.022UF , 20 % ,50V

Replaceable Electrical Parts- FG5010

CAP. , FXD, CER DI : 0.022UF , 20 % , 50V
CAP.. , FXD, CER DI :0.022UF , 20 %, 50V
CAP. , FXD , CER DI : 0.022UF , 20 % ,50V
CAP. , FXD , CER DI : 0.01UF, 20 % ,50V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD , PLSTC: 0.1UF, 10% , 550V

CAP. , FXD, PLSTC: 0.1UF, 10%, 50V
CAP. , FXD, CER DI : 0.1UF,20 % , 50V
CAP. , FXD, CER DI : 0.1UF, 20 %,50V
CAP. , FXD, CER DI : 1000PF, 5 % , 100V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD , CER DI : 0.01UF, 10% , 100V

CAP. , FXD , CER DI : 1000PF, 5 % , 100V
CAP. , FXD , CER DI : 0.1UF, 20 %, 50V
CAP. , FXD , CER DI : 200PF , 5%, 1, 100V
CAP. , FXD, CER DI : 1000PF, 5 % , 100V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V

CAP. , FXD , CER DI : 0.1UF, 20 %, 50V
CAP. , FXD , ELCTLT: 1000UF, +50-10% , 10v
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP.. , FXD, CER DI : 0.1UF, 20 %,50V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, ELCTLT: 290UF , + 75-10%, 15V

CAP. , FXD, ELCTLT: 1000UF, + 50-10% , 10V
SEMICOND DEVICE: SILICON, 400V , 7, 750MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 400V , 750MA
SEMICOND DEVICE: SILICON, 30V , 150MA

SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
CONTACTSET, ELE: R ANGLE, 0.150" L , STR OF 36
COIL, RF: FXD, TOROID, 25.7UH

COIL, RF: FXD, TOROID, 25.7UH
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP

TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON,NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON,NPN

TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN

Mfr
Code Mfr Part Number

80009
72982

670-6906-00
8121N075Z5U0223M
8121N07525U0223M72982

72982 8121N075Z5U0223M
72982 8121N075Z5U0223M
72982 8121N075Z5U0223M

8121N075Z5U0223M72982
8121N075Z5U0223M72982

72982 8121N075Z5U0223M
72982 8121N075X7R0103M
72982 8005D9AABZ5U104M
56289 LP66A1A104K004

LP66A1A104K00456289
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
20932 402E0100AD102J
72982 8005D9AABZ5U104M
04222 GC70-1C103K

20932 402E0100AD102J
72982 8005D9AABZ5U104M
72982 8013T2ADDC1G201J
20932 402E0100AD102J
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M

72982 8005D9AABZ5U104M
0000L ECE- B10Z1000
72982
72982
72982
90201 TTX291U015C1A3

8005D9AABZ5U104M
8005D9AABZ5U104M
8005D9AABZ5U104M

0000L ECE- B10Z1000
14433 LG4016
01295 IN4152R
01295 1N4152R
14433 LG4016
01295 1N4152R

01295 1N4152R
1N4152R01295

01295 1N4152R
01295 1N4152R
22526 65521-136
80009 108-1045-00

108-1045-0080009
27014 92PU01AU51A
27014 92PU01AU51A
27014 92PU01AU51A
27014 92PU01AU51A
27014 92PU01AUSIA

03508 X32D6191
03508 X32D6191
03508 X32D6191
03508 X32D6191
03508 X32D6191
03508 X32D6191

03508 X32D6191
03508 X32D6191
03508 X32D6191

9-9



Replaceable Electrical Parts - FG5010

Component No.

A4001110
A40Q1112
A40Q1120
A40Q1121
A40Q1122
A4001123

A40Q1124
A40Q1131
A40Q1132
A40Q1133
A40Q1134
A40Q1135

A40Q1136
A40Q1210
A40Q1212
A4001310
A40Q1320
A40Q1322

A40Q1330
A40Q1410
A40Q1420
A40Q1422
A40Q1510
A40Q1511

A40Q1630
A40R1010
A40R1012
A40R1014
A40R1020
A40R1021

A40R1022
A40R1024
A40R1110
A40R1111
A40R1112
A40R1113

A40R1114
A40R1115
A40R1116
A40R1117
A40R1118
A40R1120

A40R1121
A40R1122
A40R1123
A40R1124
A40R1125
A40R1131

A40R1132
A40R1133
A40R1210
A40R1211
A40R1212
A40R1214

A40R1222
A40R1223
A40R1224

9-10

Tektronix Serial / Model No.
Part No. Eff Dscont

151-0622-00
151-0622-00
151-0622-00
151-1121-00
151-1121-00
151-1121-00

151-1121-00
151-1121-00
151-1121-00
151-1121-00
151-1121-00
151-0188-00

151-0188-00
151-0622-00
151-0622-00
151-0515-01
151-0190-00
151-0254-00

156-1381-00
151-0188-00
151-0188-00
151-0188-00
151-0190-00
151-0103-00

151-0188-00
315-0511-00
315-0511-00
315-0511-00
315-0511-00
307-0841-00

307-0841-00
307-0592-00
315-0511-00
315-0511-00
315-0750-00
315-0750-00

315-0750-00
315-0511-00
315-0750-00
315-0750-00
315-0750-00
315-0511-00

315-0511-00
315-0750-00
315-0750-00
315-0750-00
307-0445-00
307-0592-00

315-0241-00
315-0241-00
303-0510-00
315-0271-00
315-0151-00
315-0472-00

315-0472-00
315-0134-00
315-0304-00

Name & Description
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: FE, N CHANNEL, SI ,'VN- 3
TRANSISTOR: FE, N CHANNEL, SI , VN- 3
TRANSISTOR: FE, N CHANNEL, SI , VN- 3

TRANSISTOR: FE, N CHANNEL, SI , VN- 3
TRANSISTOR: FE, N CHANNEL, SI , 'VN- 3
TRANSISTOR: FE , N CHANNEL, SI ,VN- 3
TRANSISTOR: FE, N CHANNEL, SI , VN- 3
TRANSISTOR: FE, N CHANNEL,SI , VN-3
TRANSISTOR: SILICON, PPNP

TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
SCR: SILICON
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN

MICROCIRCUIT, LI : XSTR ARRAY
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN

TRANSISTOR: SILICON, PNP
RES. , FXD, CMPSN: 510
RES. , FXD , CMPSN: 510
RES. , FXD, CMPSN: 510
RES. , FXD, CMPSN: 510
RES. , FXD, FILM: ( 4 ) 10

OHM, 5 %, 0.25W
OHM, 5 %, 0.25W
OHM , 5 % , 0.25W
OHM , 5 %, 0.25W

OHM, 10% , 0.3W

OHM , 10%,0.3WRES. , FXD, FILM: ( 4 ) 10
RES,NTWK, FXD FI : 9,220 OHM, 2 %, 2W
RES. , FXD , CMPSN: 510 OHM , 5 %,0.25W
RES. , FXD, CMPSN: 510 OHM, 5 %, 0.25W
RES.. , FXD, CMPSN: 75 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 75 OHM, 5 %,0.25W

OHM, 5 %,0.25W
OHM, 5 %, 0.25W

OHM , 5%, 0.25W
OHM, 5 %, 0.25W
OHM , 5 %, 0.25W

RES. , FXD, CMPSN: 75
RES. , FXD , CMPSN: 510
RES. , FXD , CMPSN: 75
RES, , FXD, CMPSN: 75
RES. , FXD , CMPSN: 75
RES. , FXD, CMPSN: 510 OHM ,5 %,0.25W

OHM , 5 %,0.25W
OHM, 5 %, 0.25W

RES. , FXD, CMPSN: 510
RES. , FXD, CMPSN: 75
RES.. , FXD , CMPSN: 75 OHM , 5 %, 0.25W
RES , FXD, CMPSN: 75 OHM, 5 %, 0.25W
RES NTWK, FXD , FI : 4.7K OHM , 20 % , ( 9 ) RES
RES, NTWK, FXD FI : 9,220 OHM, 2 %, 2W

RES. , FXD, CMPSN: 240 OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 240 OHM, 5%,0.25W
RES.. , FXD, CMPSN: 51 OHM , 5 %, 1W
RES. , FXD , CMPSN: 270 OHM, 5%,0.25W
RES. , FXD, CMPSN: 150 OHM , 5 %,0.25W
RES. , FXD , CMPSN: 4.7K OHM, 5 %, 0.25W

RES. , FXD , CMPSN: 4.7K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 130K OHM, 5 % ,0.25W
RES. , FXD, CMPSN: 300K OHM, 5 % , 0.25W

Mfr
Code Mfr Part Number
27014 92PU01AU51A
27014 92PU01AU51A
27014 92PU01AU51A
000GU NO1003N3
000GU NO1003N3
000GU N01003N3

000GU NO1003N3
000GU NO1003N3
000GU NO1003N3
000GU NO1003N3
000GU NO1003N3
04713 SPS6868K

04713 SPS6868K
27014 92PU01AU51A
27014 92PU01AU51A
04713 2N4441
07263 S032677
03508 X38L3118

02735 CA3096AE- 17
04713 SPS6868K
04713 SPS6868K
04713 SPS6868K
07263 S032677
80009 151-0103-00

04713 SPS6868K
01121 CB5115
01121 CB5115
01121 CB5115
01121 CB5115
01121 208B100

01121 208B100
91637
01121 CB5115
01121 CB5115
01121 CB7505
01121 CB7505

MSP10A01-221G

01121 CB7505
01121 CB5115
01121 CB7505
01121 CB7505
01121 CB7505
01121 CB5115

01121 CB5115
01121 CB7505
01121 CB7505
01121 CB7505
91637 MSP10A01-472M
91637 MSP10A01-221G

01121 CB2415
01121 CB2415
01121 GB5105
01121 CB2715
01121 CB1515
01121 CB4725

01121 CB4725
01121 CB1345
01121 CB3045
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Component No.
A40R1230
A40R1310
A40R1311
A40R1312
A40R1313
A40R1320

A40R1321
A40R1322
A40R1323
A40R1324
A40R1325
A40R1326

A40R1327
A40R1328
A40R1329
A40R1330
A40R1331
A40R1332

A40R1333
A40R1410
A40R1411
A40R1420
A40R1421
A40R1423

A40R1424
A40R1425
A40R1426
A40R1427
A40R1428
A40R1429

A40R1434
A40R1435
A40R1436
A40R1510
A40R1511
A40R1512

A40R1513
A40R1520
A40R1521
A40R1522
A40R1523
A40R1524

A40R1525
A40R1527
A40R1528
A40R1530
A40R1531
A40R1533

A40R1630
A40R1631
A40TP1330
A40TP1600
A40TP1602
A40TP1621

A40TP1631
A40U1134
A40U1230

REVMAR 1982

Tektronix
Part No.

315-0472-00
315-0242-00
315-0222-00
321-0194-00
321-0193-00
315-0472-00

315-0102-00
315-0472-00
315-0224-00
315-0100-00
315-0473-00
315-0242-00

315-0242-00
315-0681-00
315-0512-00
315-0220-00
315-0242-00
321-0239-00

321-0247-00
308-0643-00
315-0100-00
321-0816-00
321-0274-00
315-0242-00

315-0100-00
315-0101-00
321-0729-06
321-0761-03
315-0102-00
315-0102-00

321-0604-00
315-0220-00
315-0220-00
308-0643-00
308-0643-00
308-0643-00

315-0101-00
308-0793-00
321-1621-03
321-0180-03
321-0604-00
315-0220-00

301-0222-00
315-0222-00
315-0622-00
321-0729-06
321-0180-03
315-0681-00

315-0392-00
315-0361-00
214-0579-00
214-0579-00
214-0579-00
214-0579-00

214-0579-00
156-1235-00
156-1235-00

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts - FG5010

Name & Description
RES., FXD, CMPSN: 4.7K OHM, 5 % ,0.25W
RES. , FXD, CMPSN: 2.4K OHM, 5%, 0.25W
RES. , FXD, CMPSN: 2.2K OHM , 5 % , 0.25W
RES. , FXD, FILM: 1.02K OHM , 1% , 0.125W
RES. , FXD , FILM: 1K OHM , 1%, 0.125W
RES. , FXD , CMPSN: 4.7K OHM, 5 %, 0.25W

RES. , FXD , CMPSN: IK OHM , 5%, 0.25W
RES. , FXD , CMPSN: 4.7K OHM , 5% ,0.25W
RES. , FXD , CMPSN: 220K OHM, 5 %,0.25W
RES. , FXD, CMPSN: 10 OHM, 5 % ,0.25W
RES. , FXD, CMPSN: 47K OHM , 5 %,0.25W
RES. , FXD, CMPSN: 2.4K OHM, 5 % , 0.25W

RES. , FXD, CMPSN: 2.4K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 680 OHM, 5%, 0.25W
RES. , FXD, CMPSN: 5.1K OHM, 5 %,0.25W
RES. , FXD , CMPSN: 22 OHM, 5 %,0.25W
RES. , FXD , CMPSN: 2.4K OHM, 5 % ,0.25W
RES. , FXD, FILM: 3.01K OHM, 1%, 0.125W

RES. , FXD, FILM: 3.65K OHM, 1% , 0.125W
RES. , FXD , WW : 0.1 OHM, 3 %, 3W
RES. , FXD, CMPSN: 10 OHM , 5% , 0.25W
RES. , FXD, FILM: 5K OHM , 1% , 0.125W
RES. , FXD, FILM: 6.98K OHM, 1% ,0.125W
RES. , FXD, CMPSN: 2.4K OHM, 5 % , 0.25W

RES. , FXD, CMPSN: 10 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 100 OHM, 5 %,0.25W
RES. , FXD, FILM: 786 OHM , 0.25% ,0.125W
RES. , FXD, FILM: 35K OHM, 0.25% , 0.125W
RES. , FXD, CMPSN: 1K OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 1K OHM , 5 %,0.25W

RES. , FXD , FILM: 30K OHM, 0.25 % , 0.125W
RES. , FXD , CMPSN: 22 OHM , 5%, 0.25W
RES. , FXD , CMPSN: 22 OHM , 5 %,0.25W
RES. , FXD, WW : 0.1 OHM , 3 %, 3W
RES. , FXD , WW: 0.1 OHM , 3 % , 3W
RES. , FXD, WW : 0.1 OHM , 3 %, 3W

RES. , FXD, CMPSN: 100 OHM,5%,0.25W
RES. , FXD, WW : 0.51 OHM , 5 % , 0.50W
RES. , FXD , FILM: 36.47K OHM , 0.25 % , 0.125W
RES , FXD , FILM: 732 OHM , 0.25% , 0.125W
RES. , FXD, FILM: 30K OHM , 0.25%, 0.125W
RES. , FXD , CMPSN: 22 OHM , 5 % , 0.25W

RES. , FXD, CMPSN: 2.2K OHM, 5 % , 0.50W
RES. , FXD, CMPSN: 2.2K OHM, 5 %,0.25W
RES. , FXD, CMPSN: 6.2K OHM, 5 % , 0.25W
RES. , FXD, FILM: 786 OHM , 0.25% , 0.125W
RES. , FXD, FILM: 732 OHM , 0.25 %, 0.125W
RES. , FXD, CMPSN: 680 OHM , 5% ,0.25W

RES. , FXD, CMPSN: 3.9K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 360 OHM, 5 %, 0.25W
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL

Mfr
Code Mfr Part Number
01121 CB4725
01121 CB2425
01121 CB2225
91637 MFF1816G10200F
91637 MFF1816G10000F
01121 CB4725

01121 CB1025
01121 CB4725
01121 CB2245
01121 CB1005
01121 CB4735
01121 CB2425

01121 CB2425
01121 CB6815
01121 CB5125
01121 CB2205
01121 CB2425
91637 MFF1816G30100F

91637 MFF1816G36500F
91637 RS2B- ER1000H
01121 CB1005
24546 NA55D5001F
91637 MFF1816G69800F
01121 CB2425

01121 CB1005
01121 CB1015
91637 MFF1816C786ROC
91637 MFF1816D35001C
01121 CB1025
01121 CB1025

91637 MFF1816D30001C
01121 CB2205
01121 CB2205
91637 RS2B- ER10001
91637 RS2B- ER1000H
91637 RS2B- ER1000H

01121 CB1015
75042 BW20 .51 OHM 5 %
91637 MFF1816D36471C
24546 NC55C7320C
91637 MFF1816D300010
01121 CB2205

01121 EB2225
01121 CB2225
01121 CB6225
91637 MFF1816C786ROC
24546 NC55C73200
01121 CB6815

01121 CB3925
01121 CB3615
80009 214-0579-00
80009 214-0579-00
80009 214-0579-00
80009 214-0579-00

TERM, TEST POINT: BRS CD PL 80009 214-0579-00
MICROCIRCUIT, DI : BCD TO DECIMAL DECODER/ DR 80009 156-1235-00
MICROCIRCUIT, DI : BCD TO DECIMAL DECODER/ DR 80009 156-1235-00
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Replaceable Electrical Parts- FG5010

Component No.

A40U1232
A40U1234
A40U1320
A40U1420
A40U1430
A40U1432

A40VR1432
A40VR1630

9-12

Tektronix Serial / Model No.
Part No. Eff Dscont

156-1335-00
156-0383-02
156-1266-00
156-1149-01
156-1173-00
156-0853-02

152-0195-00
152-0461-00

Name & Description

MICROCIRCUIT, DI : DUAL RETRIGRESET MONO MV
MICROCIRCUIT, DI : QUAD 2 - INP NOR GATE
MICROCIRCUIT, LI : OVER VOLTAGESENSING CKT
MICROCIRCUIT, LI : OPER AMPL, JFET, BURN- IN
MICROCIRCUIT, LI : VOLTAGEREFERENCE
MICROCIRCUIT, LI : DUAL OPNL AMPL, CHK

SEMICOND DEVICE: ZENER,0.4W, 5.1V, 5%
SEMICOND DEVICE: ZENER, 0.4W,6.2V,5%

Mfr
Code Mfr Part Number

07263 96LS02
01295 SN74LS02
04713 SC77113LH
27014 LF351N/ A+

MC1403UDS04713
04713 LM358J

04713
04713

SZ11755
1N821

REVJUN 1982
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Component No.

A50
A50AT1332
A50AT1432
A50AT1531
A50C1001
A50C1002

A50C1003
A50C1011
A5001101
A50C1102
A50C1111
A50C1112

A50C1132
A50C1133
A50C1141
A50C1142
A50C1201
A50C1214

A50C1221
A50C1222
A50C1223
A50C1232
A50C1241
A50C1251

A50C1301
A50C1311
A50C1321
A50C1401
A50C1402
A50C1411

A50C1412
A50C1421
A50C1501
A50C1523
A50C1601
A50C1611

A50C1612
A50C1613
A50C1614
A50C1615
A50C1617
A50C1621

A50C1622
A50C1623
A50C1624
A50C1625
A50C1627
A50C1701

A50C1711
A50C1721
A50C1722
A50C1731
A50C1732
A50C1733

A50C1741
A50C1742
A50C1751

REVJUN 1982

Tektronix
Part No.

670-6908-00
307-1037-01
307-1038-01
307-1038-01
283-0334-00
283-0334-00

283-0220-00
283-0220-00
283-0334-00
283-0334-00
281-0768-00
283-0220-00

281-0814-00
281-0814-00
281-0814-00
283-0637-00
281-0773-00
283-0168-00

290-0573-00
281-0773-00
283-0111-00
283-0107-00
281-0775-00
283-0154-00

281-0775-00
281-0775-00
281-0773-00
281-0775-00
281-0773-00
281-0773-00

283-0156-00
281-0092-00
283-0220-00
290-0573-00
283-0220-00
283-0176-00

281-0775-00
290-0782-00
281-0773-00
281-0775-00
283-0139-00
283-0176-00

281-0773-00
281-0775-00
281-0775-00
290-0782-00
283-0139-00
281-0773-00

283-0203-00
283-0203-00
290-0804-00
283-0180-00
290-0804-00
281-0770-00

283-0154-00
290-0804-00
281-0775-00

Serial / Model No.
Eff Dscont Name & Description

CKT BOARD ASSY: OUTPUTAMPL
ATTENUATOR, FXD : 52.6 OHM, 10 DB
ATTENUATOR, FXD: 52.6 OHM,20 DB
ATTENUATOR, FXD: 52.6 OHM, 20 DB
CAP. , FXD, CER DI : 130PF, +1-2% , 500V
CAP. , FXD, CER DI : 130PF, +1-2%, 500V

CAP. , FXD, CER
CAP., FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER

Replaceable Electrical Parts- FG 5010

DI : 0.01UF, 20 % , 50V
DI : 0.01UF, 20 % , 50V
DI : 130PF, +1-2%,,500V
DI : 130PF, +1-2%, 500V
DI : 470PF, 20 %, 100V
DI : 0.01UF, 20 % , 50V

CAP. , FXD,CER DI : 100PF, 10% , 100V
CAP. , FXD, CER DI : 100PF, 10%, 100V
CAP. , FXD , CER DI : 100PF, 10% , 100V
CAP. , FXD,MICA D : 20PF , 2.5%, 100V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD, CER DI : 12PF, 5 %, 100V

CAP. , FXD, CER
CAP., FXD , CER
CAP. , FXD, CER
CAP. , FXD , CER
CAP. , FXD, CER
CAP. , FXD, CER

CAP. , FXD, ELCTLT: 2.7UF, 20 % , 50V
CAP. , FXD , CER DI : 0.01UF, 10% , 100V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, CER DI : 51PF, 5%,200V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, CER DI : 22PF , 5,5%,50V

DI : 0.1UF, 20 %, 50V
DI : 0.1UF, 20 %, 50V
DI : 0.01UF, 10% , 100V
DI : 0.1UF, 20 %, 50V
DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10%, 100V

CAP. , FXD, CER
CAP. , VAR, CER

DI : 1000PF, + 100-0% , 200V
DI : 9-35PF,200V

CAP. , FXD, CER DI : 0.01UF, 20 % , 50V
CAP. , FXD, ELCTLT: 2.7UF, 20 % , 50V
CAP. , FXD, CER DI : 0.01UF, 20 % , 50V
CAP. , FXD, CER D1: 0.0022UF , 20 %, 50V

CAP. , FXD , CER DI : 0.1UF, 20 %,50V
CAP. , FXD, ELCTLT: 4.7UF, + 75-10% , 35V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V
CAP. , FXD, CER DI : 150PF,20 %, 50V
CAP. , FXD, CER D1: 0.0022UF , 20 % , 50V

CAP. , FXD, CER DI : 0.01UF, 10%, 100V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, ELCTLT: 4.7UF, +75-10% , 35V
CAP. , FXD, CER DI : 150PF, 20 %, 50V
CAP. , FXD, CER DI : 0.01UF, 10%, 100V

CAP. , FXD, CER DI : 0.47UF,20 %, 50V
CAP.. , FXD , CER DI : 0.47UF, 20 %, 50V
CAP., FXD, ELCTLT: 10UF, +50-10%, 25V
CAP. , FXD , CER DI : 5600PF ,20 % , 200V
CAP. , FXD, ELCTLT: 10UF, +50-10% , 25V
CAP. , FXD, CER DI : 0.001UF, 20 %, 100V

CAP. , FXD, CER DI : 22PF, 5%,50V
CAP. , FXD, ELCTLT: 10UF, +50-10%, 25V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V

Mfr
Code Mfr Part Number

80009 670-6908-00
80009 307-1037-01
80009 307-1038-01
80009 307-1038-01
72982 8121N501C0G0131G
72982 8121N501C0G0131G

72982 8121N075X7R0103M
72982 8121N075X7R0103M
72982 8121N501C0G0131G
72982 8121N501C0G0131G
72982 8035D9AADW5R471M
72982 8121N075X7R0103M

04222 GC70-1- A101K
04222 GC70-1-A101K
04222 GC70-1-A101K
00853 D151E200DO
04222 GC70-1C103K
72982 8101B121C0G0120J

56289 196D275X0050JA1
04222 GC70-1C103K
72982 8121- N088Z5U104M
72982 8121B232C0G0510J
72982 8005D9AABZ5U104M
72982 8111B061C0G220J

72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
04222 GC70-1C103K
72982 8005D9AABZ5U104M
04222 GC70-1C103K
04222 GC70-1C103K

72982 8111A2082500102Z
59660 538-011 D9-35
72982 8121N075X7R0103M
56289 196D275X0050JA1
72982 8121N075X7R0103M
72982 8121B058X7R0222M

72982 8005D9AABZ5U104M
55680 35ULA4R7V-T
04222 GC70-1C103K
72982 8005D9AABZ5U104M
51642 W100-050-X5F151M
72982 8121B058X7R0222M

04222 GC70-1C103K
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
55680 35ULA4R7V-T
51642 W100-050-X5F151M
04222 GC70-1C103K

72982 8131N075E474M
72982 8131N075E474M
55680 25ULA10V-T
72982 8121N204 E 562M
55680 25ULA10V- T
72982 8035D9AADX5R102M

72982 8111B061C0G220J
55680 25ULA10V- T
72982 8005D9AABZ5U104M
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Replaceable Electrical Parts- FG5010

Component No.

A50C1801
A50C1802
A50C1811
A50C1812
A50C1813
A50C1814

A50C1821
A50C1831
A50C1832
A50C1833
A50C1851
A50CR1111

A50CR1112
A50CR1212
A50CR1311
A50CR1331
A50CR1411
A50CR1412

A50CR1441
A50CR1511
A50CR1512
A50CR1601
A50CR1611
A50CR1612

A50CR1621
A50CR1711
A50CR1731
A50CR1801
A50CR1831
A50CR1851

A50E1121
A50E1122
A50E1211
A50E1212
A50E1311
A50E1411

A50E1412
A50E1511
A50F1801
A50F1821
A50F1841
A50F1842

A50F1851
A50J1711

A50J1731

A50J1831

A50K1231
A50K1331
A50K1332
A50K1333
A50K1431
A50K1432

A50K1433
A50K1531
A50L1211

9-14

Tektronix Serial / Model No.
Part No. Eff Dscont

290-0706-00
290-0804-00
281-0773-00
281-0770-00
290-0782-00
281-0773-00

290-0782-00
281-0773-00
281-0773-00
281-0773-00
290-0706-00
152-0141-02

152-0141-02
152-0141-02
152-0141-02
152-0141-02
152-0141-02
152-0141-02

152-0141-02
152-0141-02
152-0141-02
152-0141-02
152-0141-02
152-0066-00

152-0066-00
152-0066-00
152-0066-00
152-0585-00
152-0141-02
152-0585-00

276-0543-02
276-0543-02
276-0569-00
276-0569-00
275-0569-00
276-0569-00

276-0569-00
276-0569-00
159-0124-00
159-0124-00
159-0124-00
159-0152-00

159-0124-00
131-0608-00

131-0608-00
van die d€t • •
131-1425-00

148-0128-00
148-0114-00
148-0128-00
148-0128-00
148-0128-00
148-0128-00

148-0128-00
148-0128-00
108-0543-00

Name & Description

CAP. , FXD, ELCTLT: 22UF , 20 % , 50V
CAP. , FXD, ELCTLT: 10UF, + 50-10% , 25V
CAP. , FXD, CER DI : 0.01UF, 10%, 100V
CAP. , FXD, CER DI : 0.001UF, 20 %, 100V
CAP. , FXD, ELCTLT: 4.7UF, +75-10% , 35V
CAP., FXD , CER DI : 0.01UF, 10% , 100V

CAP. , FXD , ELCTLT: 4.7UF, + 75-10% , 35V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD , CER DI : 0.01UF, 10% , 100V
CAP. , FXD , CER DI : 0.01UF, 10% , 100V
CAP. , FXD, ELCTLT: 22UF , 20 %, 50V
SEMICOND DEVICE: SILICON, 30V ,:, 150MA

SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA

SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V ,150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 400V , 750MA

SEMICOND DEVICE: SILICON, 400V , 750MA
SEMICOND DEVICE: SILICON, 400V , 750MA
SEMICOND DEVICE: SILICON, 400V , 7, 750MA
SEMICOND DEVICE: SILICON, BRIDGE, 200V , 1A
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, BRIDGE, 200V , 1A

SHIELDINGBEAD, :
SHIELDINGBEAD,
CORE, EM : TOROID, FERRITE, 0.12 OD X 0.07 ID
CORE, EM : TOROID, FERRITE, 0.12 OD X 0.07 ID
CORE, EM : TOROID, FERRITE, 0.12 OD X 0.07 ID
CORE, EM : TOROID, FERRITE, 0.12 OD X 0.07 ID

CORE,EM : TOROID, FERRITE, 0.12 OD X 0.07 ID
CORE,EM: TOROID, FERRITE, 0.12 OD X 0.07 ID
FUSE, WIRE LEAD: 3A , 125V
FUSE,WIRE LEAD: 3A , 125V
FUSE,WIRE LEAD: 3A , 125V
FUSE, WIRE LEAD: 5A , 125V, FAST BLOW

FUSE, WIRE LEAD: 3A , 125V
TERMINAL, PIN : 0.365 L X 0.025 PH BRZ GOLD
(QUANTITYOF 2)
TERMINAL, PIN : 0.365 L X 0.025 PH BRZ GOLD
(QUANTITYOF 2 )
CONTACTSET, ELE: R ANGLE, 0.150" L , STR OF 36

RELAY,ARMATURE: 1 FORM X & 1 FORM Y , 8VDC
RELAY, REED: 1 FORM A , 0.1AAT100VDC
RELAY, ARMATURE: 1 FORM X & 1 FORM Y, 8VDC
RELAY,ARMATURE: 1 FORM X & 1 FORM Y,8VDC
RELAY,ARMATURE: 1 FORM X & 1 FORM Y, 8VDC
RELAY,ARMATURE: 1 FORM X & 1 FORM Y, 8VDC

RELAY,ARMATURE: 1 FORM X & 1 FORM Y,8VDC
RELAY,ARMATURE: 1 FORM X & 1 FORM Y, 8, 8VDC
COIL, RF : FIXED, 1.1UH

Mfr
Code Mfr Part Number

90201 TDC226M050WLD
55680 25ULA10V- T
04222 GC70-1C103K
72982 8035D9AADX5R102M
55680 35ULA4R7V-T
04222 GC70-10103K

55680 35ULA4R7V-T
04222 GC70-10103K
04222 GC70-10103K
04222 GC70-1C103K
90201 TDC226M050WLD
01295 1N4152R

01295 1N4152R
01295 1N4152R
01295 1N4152R
01295 1N4152R
01295 1N4152R
01295 1N4152R

01295 1N4152R
01295 1N4152R
01295 1N4152R
01295 1N4152R
01295
14433

1N4152R
LG4016

14433 LG4016
14433 LG4016

LG401614433
80009 152-0585-00
01295 1N4152R
80009 152-0585-00

78488 57-3096
78488 57-3096
78488 57-9660

57-966078488
78488 57-9660
78488 57-9660

57-966078488
78488 57-9660

27200375915
75915 272003
75915 272003
75915 255-005

75915 272003
22526 47357

22526 47357

22526 65521-136

80009 148-0128-00
21317 05YZ1A140BAB
80009 148-0128-00
80009 148-0128-00

148-0128-0080009
148-0128-0080009

80009
80009
80009

148-0128-00
148-0128-00
108-0543-00
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Component No.
A50L1231
A50L1511
A50L1721
A50L1722
A50L1821
A50L1841

A50P1350
A50P1360
A50Q1041
A50Q1042
A50Q1106
A50Q1107

A50Q1121
A50Q1131
A50Q1132
A50Q1133
A50Q1134
A50Q1151

A50Q1211
A50Q1212
A50Q1213
A50Q1221
A50Q1311
A50Q1312

A50Q1313
A50Q1411
A50Q1412
A50Q1413
A50Q1421
A50Q1501

A50Q1511
A50Q1521
A50Q1522
A50Q1531
A50Q1532
A50Q1601

A5001611
A50Q1621
A5001701
A50Q1841
A50R1001
A50R1002

A50R1011
A50R1012
A50R1021
A50R1030
A50R1031
A50R1032

A50R1041
A50R1042
A50R1043
A50R1044
A50R1045
A50R1046

A50R1047
A50R1048
A50R1051

REVMAR 1982

Tektronix
Part No.

108-0174-00
108-0543-00
108-0597-00
108-0597-00
108-0597-00
108-0597-00

131-0265-00
131-0265-00
151-1103-00
151-0188-00
151-0221-00
151-0221-00

151-0272-00
151-0221-00
151-0221-00
151-0333-00
151-0190-00
151-1024-00

151-0211-00
151-0285-00
151-0221-00
151-0302-00
151-0411-00
151-0411-00

151-0450-00
151-0450-00
151-0211-00
151-0424-00
151-0301-00
151-0365-00

151-0285-00
151-0190-00
151-1103-00
151-0188-00
151-1024-00
151-0364-00

151-0188-00
151-0190-00
151-0323-00
151-0301-00
315-0102-00
315-0512-00

315-0470-00
315-0470-00
321-0013-00
321-0127-00
321-0077-00
315-0101-00

321-0260-00
321-0203-00
315-0101-00
321-0260-00
321-0178-00
321-0228-00

315-0104-00
321-0807-00
321-0260-00

Serial / Model No.
Eff Dscont Name & Description

COIL, RF: 245UH
COIL, RF: FIXED, 1.1UH
COIL, RF: TOROIDAL, 425UH
COIL, RF: TOROIDAL, 425UH
COIL, RF: TOROIDAL, 425UH
COIL, RF: TOROIDAL, 425UH

Replaceable Electrical Parts- FG5010

CONNECTOR, RCPT, : RIGHT ANGLE MOUNT
CONNECTOR, RCPT, : RIGHT ANGLE MOUNT
TRANSISTOR: SILICON, FE, N- CHANNEL
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP

TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN , SEL FROM MPS918
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, FET, P- CHANNEL

TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN

TRANSISTOR: SILICON, PNP, SEL FROM 2N5583
TRANSISTOR: SILICON, PNP, SEL FROM 2N5583
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN

TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, FE, N- CHANNEL
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, FET, P- CHANNEL
TRANSISTOR: SILICON, PNP

TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN , SEL FROM MJE521
TRANSISTOR: SILICON, PNP
RES. , FXD, CMPSN: 1K OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 5.1K OHM , 5 %, 0.25W

RES. , FXD, CMPSN: 47 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 47 OHM, 5 %, 0.25W
RES. , FXD, FILM: 13.3 OHM, 1%, 0.125W
RES. , FXD, FILM: 205 OHM, 1% ,0.125W
RES. , FXD, FILM: 61.9 OHM , 1%, 0.125W
RES, , FXD, CMPSN: 100 OHM , 5 % ,0.25W

RES. , FXD , FILM: 4.99K OHM, 1% , 0.125W
RES. , FXD, FILM: 1.27KOHM , 1% , 0.125W
RES. , FXD, CMPSN: 100 OHM, 5 %,0.25W
RES. , FXD , FILM: 4.99K OHM , 1% ,0.125W
RES , FXD, FILM: 698 OHM , 1% , 0.125W
RES. , FXD, FILM: 2.32K OHM, 1%,0.125W

RES. , FXD, CMPSN: 100K OHM , 5 % , 0.25W
RES. , FXD, FILM: 900K OHM , 1% , 0.125W
RES. , FXD , FILM: 4.99K OHM, 1% , 0.125W

Mfr
Code Mfr Part Number

80009 108-0174-00
80009 108-0543-00
80009 108-0597-00
80009 108-0597-00
80009 108-0597-00
80009 108-0597-00

98291 51-053-0000
98291 51-053-0000
18324 SD210EE
04713 SPS6868K

SPS24604713
04713 SPS246

151-0272-0080009
04713 SPS246
04713 SPS246
04713 SPS1752
07263 S032677
80009 151-1024-00

80009 151-0211-00
151-0285-0080009

04713 SPS246
07263 S038487
80009 151-0411-00
80009 151-0411-00

80009 151-0450-00
80009 151-0450-00
80009 151-0211-00
04713 SPS8246
27014
03508 X42C182

2N2907A

80009 151-0285-00
07263 S032677
18324 SD210EE
04713 SPS6868K
80009 151-1024-00
80009 151-0364-00

04713 SPS6868K
07263 S032677
04713 SJE916
27014 2N2907A
01121 CB1025
01121 CB5125

01121 CB4705
01121 CB4705
91637 MFF1816G13R30F
91637 MFF1816G205ROF
91637 MFF1816G61R90F
01121 CB1015

91637 MFF1816G49900F
91637 MFF1816G12700F
01121 CB1015
91637 MFF1816G49900F
91637 MFF1816G698ROF
91637 MFF1816G23200F

01121 CB1045
91637 HFF1104F90002F
91637 MFF1816G49900F
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Replaceable Electrical Parts- FG5010

Component No.
A50R1052
A50R1053
A50R1054
A50R1055
A50R1056
A50R1101

A50R1102
A50R1103
A50R1104
A50R1105
A50R1106
A50R1107

A50R1108
A50R1111
A50R1112
A50R1113
A50R1114
A50R1115

A50R1121
A50R1122
A50R1123
A50R1124
A50R1125
A50R1126

A50R1129
A50R1132
A50R1133
A50R1134
A50R1135
A50R1136

A50R1137
A50R1141
A50R1142
A50R1143
A50R1144
A50R1145

A50R1146
A50R1147
A50R1148
A50R1149
A50R1151
A50R1152

A50R1153
A50R1154
A50R1155
A50R1156
A50R1201
A50R1211

A50R1212
A50R1213
A50R1217
A50R1221
A50R1222
A50R1223

A50R1224
A50R1231
A50R1232
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Tektronix Serial / Model No.
Part No. Eff Dscont

315-0563-00
315-0104-00
315-0104-00
315-0104-00
321-0260-00
321-0092-00

321-0092-00
321-0228-00
321-0092-00
321-0092-00
315-0220-00
321-0150-00

315-0220-00
315-0470-00
315-0470-00
315-0390-00
315-0361-00
315-0242-00

311-1222-00
311-2082-00
321-0149-00
321-0125-00
321-0039-00
321-0125-00

315-0132-00
315-0101-00
315-0103-00
321-0079-00
321-0233-00
315-0103-00

315-0101-00
315-0101-00
321-0222-00
321-0240-00
315-0102-00
311-1224-00

321-0319-00
321-0321-00
321-0176-00
321-0227-00
321-0322-00
315-0392-00

321-0289-00
321-0289-00
321-0289-00
321-0289-00
315-0100-00
315-0160-00

315-0122-00
315-0561-00
315-0430-00
315-0132-00
321-0051-00
321-0124-00

321-0208-00
321-0233-00
321-0233-00

Name & Description
RES. , FXD, CMPSN: 56K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 100K
RES., FXD,CMPSN: 100K
RES. , FXD, CMPSN: 100K
RES ,FXD,FILM: 4.99K OHM, 1% ,0.125W
RES. , FXD , FILM: 88.7 OHM, 1% , 0.125W

OHM , 5% , 0.25W
OHM, 5% , 0.25W
OHM, 5 % , 0.25W

RES. , FXD , FILM: 88.7 OHM, 1% , 0.125W
RES. , FXD, FILM: 2.32K OHM, 1% ,0.125W
RES. , FXD, FILM: 88.7 OHM, 1%, 0.125W
RES. , FXD,FILM: 88.7 OHM, 1%,0.125W
RES. , FXD, CMPSN: 22 OHM, 5 %, 0.25W
RES. , FXD, FILM: 357 OHM, 1% ,0.125W

RES., FXD, CMPSN: 22
RES. , FXD, CMPSN: 47
RES. , FXD, CMPSN: 47
RES. , FXD, CMPSN: 39
RES. , FXD , CMPSN: 360
RES. , FXD, CMPSN: 2.4K OHM, 5% , 0.25W

OHM, 5%, 0.25W
OHM , 5%,0.25W
OHM , 5%,0.25W
OHM, 5 %, 0.25W

OHM , 5 % , 0.25W

RES. , VAR, NONWIR: 100 OHM, 20 % , 0.50W
RES. , VAR, NONWIR: TRMR, 200 OHM , 10%,0.5W
RES. , FXD, FILM: 348 OHM, 1%, 0.125W
RES. , FXD, FILM: 196 OHM, 1% , 0.125W
RES. , FXD , FILM: 24.9 OHM , 1% , 0.125W
RES. , FXD, FILM: 196 OHM , 1% , 0.125W

RES. , FXD, CMPSN: 1.3K
RES.., FXD, CMPSN: 100
RES. , FXD, CMPSN: 10K
RES. , FXD, FILM: 64.9
RES. , FXD , FILM: 2.61K
RES. , FXD, CMPSN: 10K

OHM, 5 % , 0.25W
OHM, 5% ,0.25W
OHM, 5%, 0.25W
OHM, 1%, 0.125W

OHM, 1% , 0.125W
OHM, 5 %, 0.25W

OHM, 5% ,0.25WRES. , FXD, CMPSN: 100
RES. , FXD, CMPSN: 100 OHM , 5 %, 0.25W
RES. , FXD, FILM: 2K OHM, 1%,0.125W
RES., FXD, FILM: 3.09K OHM, 1% , 0.125W
RES.. ,FXD, CMPSN: 1K OHM , 5 %,0.25W
RES. , VAR, NONWIR: 500 OHM , 20 %, 0.50W

RES.,FXD, FILM: 10K
RES. ,FXD, FILM: 10K
RES., FXD, FILM: 10K
RES. , FXD, FILM: 10K
RES. , FXD, CMPSN: 10
RES. ,FXD, CMPSN: 16

RES.,FXD, FILM: 20.5K OHM, 1% , 0.125W
RES. ,FXD, FILM: 21.5K OHM , 1% , 0.125W
RES. , FXD, FILM: 665 OHM, 1%, 0.125W
RES., FXD,FILM: 2.26K OHM , 1% , 0.125W
RES., FXD,FILM: 22.1K OHM, 1%, 0.125W
RES. , FXD, CMPSN: 3.9K OHM, 5% , 0.25W

OHM, 1%, 0.125W
OHM, 1%,0.125W
OHM, 1%, 0.125W
OHM , 1%, 0.125W
OHM , 5 %, 0.25W
OHM , 5 % , 0.25W

RES. , FXD, CMPSN: 1.2K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 560 OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 43 OHM, 5 % ,0.25W
RES. , FXD, CMPSN: 1.3K OHM, 5 % , (,0.25W
RES. , FXD, FILM: 33.2 OHM, 1% , 0.125W
RES. , FXD, FILM: 191 OHM , 1% , 0.125W

RES. ,FXD , FILM: 1.43K OHM, 1% , 0.125W
RES., FXD, FILM: 2.61K OHM , 1% , 0.125W
RES. , FXD , FILM: 2.61K OHM , 1% , 0.125W

Mfr
Code Mfr Part Number
01121
01121

CB5635
CB1045

01121 CB1045
01121 CB1045
91637 MFF1816G49900F
91637 MFF1816G88R70F

91637 MFF1816G88R70F
91637 MFF1816G23200F
91637 MFF1816G88R70F
91637 MFF1816G88R70F
01121 CB2205
91637 MFF1816G357ROF

01121 CB2205
01121 CB4705
01121 CB4705
01121 CB3905
01121 CB3615
01121 CB2425

32997 3386F - T04-101
73138 72-256-0
91637 MFF1816G348ROF
91637 MFF1816G196ROF
91637 MFF1816G24R90F
91637 MFF1816G196ROF

01121 CB1325
01121 CB1015
01121 CB1035
91637 MFF1816G64R90F
91637 MFF1816G26100F
01121 CB1035

CB1015
CB1015

01121
01121
91637 MFF1816G20000F
91637 MFF1816G30900F
01121
32997 3386F - T04-501

CB1025

91637 MFF1816G20501F
91637 MFF1816G21501F
91637 MFF1816G665ROF
91637 MFF1816G22600F
91637 MFF1816G22101F
01121 CB3925

91637 MFF1816G10001F
91637 MFF1816G10001F
91637 MFF1816G10001F
91637 MFF1816G10001F
01121 CB1005
01121 CB1605

01121 CB1225
01121 CB5615
01121 CB4305
01121 CB1325
91637 MFF1816G33R20F
91637 MFF1816G191ROF

91637 MFF1816G14300F
91637 MFF1816G26100F
91637 MFF1816G26100F
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Component No.
A50R1233
A50R1234
A50R1235
A50R1236
A50R1241
A50R1245

A50R1251
A50R1252
A50R1301
A50R1302
A50R1303
A50R1304

A50R1305
A50R1306
A50R1311
A50R1312
A50R1313
A50R1321

A50R1322
A50R1323
A50R1324
A50R1341
A50R1340
A50R1342

A50R1351
A50R1401
A50R1402
A50R1403
A50R1404
A50R1411

A50R1412
A50R1413
A50R1421
A50R1422
A50R1501
A50R1511

A50R1512
A50R1513
A50R1514
A50R1515
A50R1516
A50R1521

A50R1522
A50R1523
A50R1524
A50R1525
A50R1526
A50R1527

A50R1531
A50R1532
A50R1533
A50R1534
A50R1541
A50R1542

A50R1601
A50R1602
A50R1611

REVMAR 1982

Tektronix
Part No.

315-0101-00
315-0101-00
301-0102-00
315-0102-00
321-0137-00
311-1466-00

321-0222-00
315-0300-00
307-0114-00
315-0220-00
307-0114-00
307-0114-00

305-0360-00
305-0360-00
315-0100-00
307-0110-00
321-0243-00
311-1222-00

315-0121-00
321-0208-00
321-0124-00
321-0254-00
321-0233-00
321-0254-00

311-1231-00
307-0114-00
315-0220-00
305-0360-00
305-0360-00
315-0100-00

315-0561-00
315-0160-00
303-0391-00
311-1225-00
315-0100-00
315-0122-00

321-0051-00
315-0101-00
321-0289-00
315-0103-00
315-0101-00
311-1466-00

315-0101-00
315-0104-00
321-0289-00
315-0103-00
305-0360-00
305-0360-00

315-0204-00
315-0204-00
321-0481-00
321-0193-00
315-0104-00
315-0153-00

311-1221-00
311-1221-00
321-0289-00

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts- FG5010

Name & Description
RES. ,FXD, CMPSN: 100 OHM, 5%, 0.25W
RES. , FXD, CMPSN: 100 OHM , 5%,0.25W
RES. , FXD, CMPSN: 1K OHM, 5 % , 0.50W
RES. , FXD, CMPSN: 1K OHM, 5 % ,0.25W
RES. , FXD , FILM: 261 OHM , 1% , 0.125W
RES. ,VAR, NONWIR: 2K OHM, 20 %, 0.50W

RES. , FXD, FILM: 2K OHM , 1% , 0.125W
RES. , FXD, CMPSN: 30 OHM, 5%, 0.25W
RES. , FXD , CMPSN: 6.2 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 22 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 6.2 OHM, 5 % ,0.25W
RES. ,FXD, CMPSN: 6.2 OHM, 5 % , 0.25W

RES. , FXD, CMPSN: 36
RES. , FXD, CMPSN: 36

OHM, 5%, 2W
OHM, 5 % , 2W

RES. , FXD, CMPSN: 10 OHM, 5 % , 0.25W
RES , FXD, CMPSN: 3 OHM , 5 %, 0.25W
RES. , FXD, FILM: 3.32K OHM, 1% , 0.125W
RES. ,VAR, NONWIR: 100 OHM , 20 % , 0.50W

RES. , FXD, CMPSN: 120 OHM, 5 % , 0.25W
RES. , FXD, FILM: 1.43K OHM, 1% , 0.125W
RES. , FXD, FILM: 191 OHM, 1% , 0.125W
RES. , FXD, FILM: 4.32K OHM , 1% , 0.125W
RES. , FXD, FILM: 2.61K OHM , 1% , 0.125W
RES., FXD, FILM: 4.32K OHM , 1% , 0.125W

RES. ,VAR, NONWIR: 25K OHM, 20 % , 0.50W
RES. ,FXD, CMPSN: 6.2 OHM, 5 % , 0.25W
RES., FXD, CMPSN: 22 OHM, 5 %,0.25W
RES. , FXD , CMPSN: 36 OHM, 5 % , 2W
RES. , FXD, CMPSN: 36 OHM, 5%, 2W
RES. , FXD, CMPSN: 10 OHM, 5% , 0.25W

RES. , FXD, CMPSN: 560 OHM, 5% ,0.25W
RES. ,FXD, CMPSN: 16 OHM , 5 %, 0.25W
RES.,FXD, CMPSN: 390 OHM, 5 % , 1W
RES. ,VAR,NONWIR: 1K OHM, 20 % , 0.50W
RES. , FXD, CMPSN: 10 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 1.2K OHM, 5%, 0.25W

RES., FXD, FILM: 33.2 OHM, 1%,0.125W
RES. , FXD, CMPSN: 100 OHM, 5% , 0.25W
RES. , FXD, FILM: 10K OHM, 1%, 0.125W
RES. , FXD, CMPSN: 10K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 100 OHM , 5%, 0.25W
RES. , VAR, NONWIR: 2K OHM , 20 %, 0.50W

RES. , FXD, CMPSN: 100 OHM, 5%, 0.25W
RES. , FXD, CMPSN: 100K OHM, 5 %, 0.25W
RES. , FXD, FILM: 10K OHM, 1% ,0.125W
RES. , FXD, CMPSN: 10K OHM , 5% ,0.25W
RES. , FXD, CMPSN: 36 OHM, 5 %, 2W
RES. , FXD, CMPSN: 36 OHM, 5 %, 2W

RES.,FXD, CMPSN: 200K OHM, 5% , 0.25W
RES. , FXD, CMPSN: 200K OHM, 5% , 0.25W
RES. , FXD, FILM: IM OHM , 1%,0.125W
RES.,FXD, FILM: 1K OHM , 1%, 0.125W
RES , FXD, CMPSN: 100K OHM , 5 % , 0.25W
RES. ,FXD, CMPSN: 15K OHM, 5 % , 0.25W

RES. ,VAR, NONWIR: 50 OHM, 20 %, 0.50W
RES. ,VAR,NONWIR: 50 OHM , 20 % , 0.50W
RES. , FXD, FILM: 10K OHM, 1%, 0.125W

Mfr
Code Mfr Part Number
01121 CB1015
01121 CB1015
01121 EB1025
01121 CB1025
91637
73138 72-39-0

MFF1816G261ROF

91637 MFF1816G20000F
01121 CB3005
01121 CB62G5
01121 CB2205
01121 CB62G5
01121 CB62G5

HB3605
HB3605
CB1005
CB30G5

01121
01121
01121
01121
91637 MFF1816G33200F
32997 3386F - T04-101

01121 CB1215
91637 MFF1816G14300F
91637 MFF1816G191ROF
91637 MFF1816G43200F
91637 MFF1816G26100F
91637 MFF1816G43200F

32997 3386F - T04-253
01121 CB62G5

CB220501121
01121 HB3605
01121 HB3605
01121 CB1005

01121 CB5615
01121 CB1605
01121 GB3915
32997 3386F - T04-102
01121 CB1005
01121 CB1225

91637 MFF1816G33R20F
01121 CB1015
91637
01121 CB1035
01121 CB1015
73138 72-39-0

MFF1816G10001F

01121 CB1015
01121 CB1045
91637 MFF1816G10001F
01121 CB1035
01121 HB3605
01121 HB3605

01121 CB2045
01121 CB2045
24546 NA4D1004F
91637 MFF1816G10000F
01121 CB1045
01121 CB1535

32997 3386F - T04-500
32997 3386F - T04-500
91637 MFF1816G10001F
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Replaceable Electrical Parts€ FG5010

Component No.

A50R1612
A50R1613
A50R1614
A50R1615
A50R1616
A50R1621

A50R1622
A50R1623
A50R1624
A50R1631
A50R1632
A50R1633

A50R1634
A50R1635
A50R1636
A50R1637
A50R1641
A50R1701

A50R1702
A50R1711
A50R1721
A50R1722
A50R1731
A50R1741

A50R1742
A50R1743
A50R1751
A50R1811
A50R1812
A50R1813

A50R1814
A50R1815
A50R1816
A50R1821
A50R1822
A50R1831

A50R1832
A50R1833
A50R1851
A50U1041
A50U1111
A50U1141

A50U1251
A50U1252
A50U1341
A50U1351
A50U1441
A50U1451

A50U1541
A50U1542
A5001551
A50U1611
A50U1621
A50U1631

A50U1641
A50U1642
A50U1651

9-18

Tektronix Serial / Model No.
Part No. Eff Dscont

315-0104-00
321-0181-00
315-0101-00
315-0101-00
308-0344-00
321-0181-00

315-0101-00
321-0289-00
308-0344-00
321-0481-00
321-0481-00
321-0481-00

315-0103-00
315-0622-00
315-0102-00
321-0222-00
315-0104-00
315-0753-00

301-0472-00
308-0703-00
321-0243-00
321-0232-00
308-0703-00
315-0102-00

315-0102-00
311-1231-00
315-0300-00
315-0471-00
321-0222-00
321-0222-00

321-0193-00
321-0193-00
315-0121-00
301-0202-00
321-0278-00
315-0753-00

315-0121-00
315-0471-00
301-0472-00
156-0158-01
155-0078-10
156-0158-01

156-1191-01
156-1156-01
156-0796-01
156-0719-00
156-1245-00
156-0796-01

156-1245-00
156-0796-01
156-0796-01
156-0854-00
156-0854-00
156-0854-00

156-0719-00
156-0796-01
156-0366-02

Name & Description

RES. , FXD , CMPSN: 100K OHM, 5% ,0.25W
RES. , FXD, FILM: 750 OHM, 1% , 0.125W
RES. , FXD , CMPSN: 100 OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 100 OHM , 5 %, 0.25W
RES. , FXD, WW : 18.2 OHM , 1% , 3W
RES. , FXD, FILM: 750 OHM, 1%,0.125W

RES. , FXD , CMPSN: 100 OHM , 5 %, 0.25W
RES. , FXD , FILM: 10K OHM, 1%,0.125W
RES. , FXD,WW : 18.2 OHM , 1% , 3W
RES. , FXD, FILM: IM OHM , 1% ,0.125W
RES. , FXD , FILM: 1M OHM , 1% ,0.125W
RES. , FXD, FILM : IM OHM , 1% , 0.125W

RES. , FXD , CMPSN: 10K OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 6.2K OHM , 5% , 0.25W
RES. , FXD, CMPSN: 1K OHM, 5 %, 0.25W
RES. , FXD, FILM: 2K OHM , 1%, 0.125W
RES. , FXD, CMPSN: 100K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 75K OHM, 5%, 0.25W

RES. , FXD , CMPSN: 4.7K OHM, 5 % ,0.50W
RES. , FXD , WW : 1.8 OHM , 5%, 2W
RES. , FXD, FILM: 3.32K OHM, 1% , 0.125W
RES. , FXD , FILM: 2.55K OHM , 1% , 0.125W
RES. , FXD , WW : 1.8 OHM, 5 % ,2W
RES. , FXD , CMPSN: 1K OHM, 5 % ,0.25W

RES. , FXD, CMPSN: 1K OHM, 5 %, 0.25W
RES. , VAR, NONWIR: 25K OHM, 20 %, 0.50W
RES. , FXD, CMPSN: 30 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 470 OHM , 5 % ,0.25W
RES , FXD, FILM : 2K OHM , 1%, 0.125W
RES. , FXD , FILM: 2K OHM, 1%, 0.125W

RES. , FXD , FILM: 1K OHM , 1%, 0.125W
RES. , FXD, FILM: 1K OHM , 1%, 0.125W
RES. , FXD, CMPSN: 120 OHM , 5% ,0.25W
RES. , FXD , CMPSN: 2K OHM , 5%,0.50W
RES. , FXD, FILM: 7.68K OHM , 1%,0.125W
RES. , FXD , CMPSN: 75K OHM , 5 %,0.25W

RES. , FXD, CMPSN: 120
RES. , FXD, CMPSN: 470

OHM , 5% , 0.25W
OHM , 5%,0.25W

RES. , FXD, CMPSN: 4.7K OHM, 5 % ,0.50W
MICROCIRCUIT, LI : DUAL OPERATIONALAMPLIFIER
MICROCIRCUIT, LI : ML , VERTICALAMPLIFIER
MICROCIRCUIT, LI : DUAL OPERATIONALAMPLIFIER

MICROCIRCUIT, LI : DUAL BI-FET OP- AMP , 8 DIP
MICROCIRCUIT, LI : OPERATIONALAMPL
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, LI : 10 BIT MULTIPLYINGDAC
MICROCIRCUIT, LI : 7 XSTR, HV/ HIGH CUR
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR

MICROCIRCUIT, LI : 7 XSTR, HV/ HIGH CUR
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER

MICROCIRCUIT, LI : 10 BIT MULTIPLYINGDAC
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : DUAL D FLIP- FLOP, CHK

Mfr
Code Mfr Part Number

CB104501121
91637 MFF1816G750ROF
01121 CB1015
01121 CB1015
91637 RS2B-K18R20F
91637 MFF1816G750ROF

01121
MFF1816G10001F91637

91637 RS2B-K18R20F
24546 NA4D1004F
24546 NA4D1004F
24546 NA4D1004F

CB1015

01121
01121

CB1035
CB6225
CB102501121

91637 MFF1816G20000F
01121 CB1045
01121 CB7535

01121 EB4725
75042
91637
91637
75042
01121 CB1025

BWH- 1R800J
MFF1816G33200F
MFF1816G25500F
BWH- 1R800J

CB102501121
32997 3386F - T04-253
01121 CB3005
01121 CB4715
91637
91637

MFF1816G20000F
MFF1816G20000F

91637 MFF1816G10000F
91637 MFF1816G10000F
01121 CB1215
01121 EB2025
91637 MFF1816G76800F
01121 CB7535

01121 CB1215
01121 CB4715
01121 EB4725
80009 156-0158-01

155-0078-1080009
80009 156-0158-01

TL072ACP301295
27014 LF356N/ A+
80009 156-0796-01
24355 AD7533LN
04713 MC1413PDS
80009 156-0796-01

04713 MC1413PDS
80009 156-0796-01
80009 156-0796-01
27014 LM308AN

LM308AN27014
27014 LM308AN

24355 AD7533LN
156-0796-0180009
156-0366-0280009
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Component No.

A5001711
A50U1731
A50U1751
A50VR1041
A50VR1042
A50VR1051

A50VR1052
A50VR1141
A50VR1221
A50VR1341
A50VR1413
A50VR1551

A50VR1701
A50VR1751
A50VR1841
A50W1001

REVJUN 1982

Tektronix Serial / Model No.
Part No. Eff Dscont

156-0071-02
156-0071-02
156-1156-01
152-0526-00
152-0571-00
152-0127-00

152-0571-00
152-0526-00
152-0055-00
152-0662-00
152-0055-00
152-0149-00

152-0249-00
152-0662-00
152-0249-00
131-0566-00

Replaceable Electrical Parts- FG5010

Name & Description

MICROCIRCUIT, LI : VOLTAGEREGULATOR
MICROCIRCUIT, LI : VOLTAGEREGULATOR
MICROCIRCUIT, LI : OPERATIONALAMPL
SEMICOND DEVICE: ZENER, 6.35V, 1% , 7.5MA
SEMICOND DEVICE: ZENER, 0.4W, 16V, 5 %
SEMICOND DEVICE: ZENER, 0.4W , 7.5V, 5 %

SEMICOND DEVICE: ZENER, 0.4W, 16V, 5 %
SEMICOND DEVICE: ZENER, 6.35V , 1%, 7.5MA
SEMICOND DEVICE: ZENER, 0.4W, 11V, 5 %
SEMICOND DEVICE: ZENER, 0.4W, 5V , 1%
SEMICOND DEVICE: ZENER, 0.4W, 11V, 5%
SEMICOND DEVICE: ZENER, 0.4W, 10V, 5 %

SEMICOND DEVICE: SILICON, 80V , PAIR W/ HT SK
SEMICOND DEVICE: ZENER, 0.4W , 5V , 1%
SEMICOND DEVICE: SILICON, 80V , PAIR W/ HT SK
BUS CONDUCTOR: DUMMY RES, 2.375,22 AWG

Mfr
Code Mfr Part Number

04713 MC1723CLDS
04713 MC1723CLDS
27014 LF356N/ A+
80009 152-0526-00
04713 SZ3501YK1
04713 SZG35009K2

04713 SZ3501YK1
80009 152-0526-00
04713 SZG35009K1
04713 SZG195
04713 SZG35009K1
04713 SZG35009K3

80009 152-0249-00
04713 SZG195
80009 152-0249-00
55210 L- 2007-1
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Replaceable Electrical Parts- FG 5010

Component No.

A60
A60C1001
A60C1002
A60C1003
A60C1004
A60C1011

A60C1021
A60C1031
A60C1041
A60C1042
A60C1046
A60C1101

A60C1102
A60C1111
A60C1120
A60C1121
A60C1201
A60C1202

A60C1211
A60C1230
A60C1232
A60C1241
A60C1242
A60C1251

A60C1252
A60C1253
A60C1254
A60C1257
A60C1257
A60C1315

A60C1315
A60C1330
A60C1400
A60C1411
A60C1415
A60C1416

A60C1421
A60C1422
A60C1424
A60C1425
A60C1431
A60C1432

A60C1448
A60C1451
A60C1501
A60C1502
A60C1511
A60C1521

A60C1531
A60C1537
A60C1551
A60C1601
A60C1602
A60C1621

A60C1631
A60C1632
A60C1638
A60C1641

9-20

Tektronix Serial / Model No.
Part No. Eff Dscont

670-6909-00
290-0804-00
290-0804-00
283-0238-00
283-0203-00
283-0203-00

283-0238-00
281-0773-00
281-0763-00
281-0773-00
281-0773-00
281-0773-00

281-0775-00
281-0785-00
283-0197-00
283-0238-00
283-0238-00
283-0238-00

295-0196-00
283-0330-00
283-0238-00
281-0814-00
283-0238-00
283-0238-00

281-0775-00
281-0773-00
281-0773-00
281-0773-00
283-0238-00 B010250
283-0238-00

281-0773-00
281-0814-00
281-0775-00
295-0196-00
283-0238-00
283-0238-00

295-0196-00
295-0196-00
283-0154-00
283-0238-00
283-0706-00
281-0221-00

281-0773-00
281-0773-00
283-0111-00
283-0111-00
283-0238-00
283-0111-00

281-0809-00
281-0759-00
281-0773-00
283-0111-00
283-0111-00
281-0773-00

281-0809-00
281-0809-00
283-0238-00
283-0111-00

B010100 B010249

B010100 B010249

B010250

Name & Description

CKT BOARD ASSY: LOOP I
CAP. , FXD, ELCTLT: 10UF, + 50-10% , 25V
CAP. , FXD , ELCTLT: 10UF, +50-10%, 25V
CAP. , FXD, CER DI : 0.01UF, 10%, 50V
CAP. , FXD, CER DI : 0.47UF, 20 %, 50V
CAP. , FXD, CER DI : 0.47UF, 20 % ,50V

CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD , CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER

CAP. , FXD, CER
CAP. ,FXD, CER
CAP.. , FXD , CER
CAP. , FXD , CER

DI : 0.1UF, 20 % , 50V
DI : 68PF , 10% , 100V
DI : 470PF, 5 % , 100V
DI : 0.01UF, 10%, 50V

CAP. , FXD, CER DI : 0.01UF, 10%, 50V
CAP. , FXD , CER DI : 0.01UF, 10%, 50V

CAP SET,MATCHED: 1.OUF, 0.1UF, 0.01UF, 100PF
CAP. , FXD, CER DI : 100PF, 5%,50V
CAP. , FXD, CER DI : 0.01UF, 10% , 50V
CAP. , FXD , CER DI : 100PF, 10% , 100V
CAP. , FXD, CER DI : 0.01UF, 10% , 50V
CAP. , FXD, CER DI : 0.01UF, 10%, 50V

CAP. , FXD , CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER

CAP. , FXD, CER
CAP. , FXD, CER
CAP., FXD, CER

DI : 0.01UF, 10% , 50V
DI : 0.01UF, 10% , 100V
DI : 47PF, 10% , 100V
DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10% , 100V

DI : 0.01UF, 10% , 100V
DI : 100PF, 10%, 100V
DI : 0.1UF, 20 % , 50V

CAP SET, MATCHED: 1.OUF, 0.1UF, 0.01UF, 1,
CAP. , FXD, CER DI : 0.01UF, 10% , 50V
CAP. , FXD, CER DI : 0.01UF, 10% , 50V

CAP. , FXD,CER
CAP. , FXD, CER
CAP. , FXD , CER
CAP. , FXD, CER
CAP. , FXD , CER
CAP. , FXD, CER

CAP. , FXD , CER
CAP., FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER

DI : 0.1UF, 20 %, 50V
DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10% , 50V
DI : 0.01UF, 10% ,50V

CAP SET, MATCHED: 1.OUF,0.1UF, 0.01UF, 100PF
CAP SET, MATCHED: 1.OUF, 0.1UF, 0.01UF, 100PF
CAP., FXD , CER DI : 22PF,5 %,50V
CAP., FXD, CER DI : 0.01UF, 10% , 50V
CAP. , FXD, MICA D : 91PF, +/- 1PF, 500V
CAP. , VAR, CER DI : 2-10PF, 100V

CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER

DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10% , 100V
DI : 0.1UF,20 % , 50V
DI : 0.1UF, 20 %, 50V
DI : 0.01UF, 10% , 50V
DI : 0.1UF, 20 %, 50V

DI : 200PF , 5 % , 100V
DI : 22PF , 10%, 100V
DI : 0.01UF, 10%, 100V
DI : 0.1UF, 20 % , 50V
DI : . IUF, 20 % , 50V
DI : 0.01UF, 10% , 100V

100PF

DI : 200PF , 5 %, 100V
DI : 200PF , 5%, 100V
DI : 0.01UF, 10% , 50V
DI : 0.1UF, 20 %,50V

Mfr
Code Mfr Part Number

80009 670-6909-00
55680 25ULA10V-T
55680 25ULA10V-T
72982 8121N075X7R0103K
72982 8131N075E474M
72982 8131N075E474M

72982 8121N075X7R0103K
04222 GC70-1C103K
72982 8035D9AADC1G470K
04222 GC70-1C103K
04222 GC70-1C103K
04222 GC70-1C103K

72982 8005D9AABZ5U104M
72982 8035D2AADC0G680K

8121N075C0G0471J72982
72982 8121N075X7R0103K
72982 8121N075X7R0103X
72982 8121N075X7R0103K

80009 295-0196-00
51642 150-050- NP0-101J
72982 8121N075X7R0103K
04222 GC70-1-A101K

8121N075X7R0103K72982
72982 8121N075X7R0103K

8005D9AABZ5U104M
GC70-1C103K
GC70-1C103K
GC70-1C103K

72982
04222
04222
04222
72982 8121N075X7R0103K
72982 8121N075X7R0103K

04222
04222
72982
80009
72982
72982

GC70-1C103K
GC70-1- A101K
8005D9AAB250104M
295-0196-00
8121N075X7R0103K
8121N075X7R0103K

80009 295-0196-00
80009 295-0196-00
72982
72982
00853 D15-5E910F0

513-013A 2 0-1059660

8111B061C0G220J
8121N075X7R0103K

GC70-1C103K04222
04222 GC70-1C103K

8121- N088Z5U104M72982
8121-N088Z5U104M72982

72982 8121N075X7R0103K
72982 8121- N088Z5U104M

8013T2ADDC1G201J
8035D9AADC1G220K

72982
72982
04222 GC70-1C103K

8121- N088Z5U104M72982
72982 8121- N088Z5U104M

GC70-1C103K04222

72982 8013T2ADDC1G201J
8013T2ADDC1G201J72982

72982 8121N075X7R0103K
72982 8121-N088Z5U104M
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Component No.

A60C1711
A60C1721
A60C1722
A60C1731
A60C1732
A60C1811

A60C1821
A60C1831
A60C1853
A60CR1041
A60CR1101
A60CR1131

A60CR1251
A60CR1301
A60CR1321
A60CR1322
A60CR1323
A60CR1324

A60CR1330
A60CR1335
A60CR1401
A60CR1440
A60CR1521
A60CR1621

A60CR1622
A60CR1650
A60CR1710
A60CR1712
A60CR1721
A60CR1741

A60CR1750
A60CR1841
A60E1241
A60E1332
A60E1340
A60E1431

A60E1432
A60J1210
A60J1435
A60K1131
A60K1231
A60K1321

A60K1322
A60K1323
A60K1331
A60L1230
A60L1231
A60P1550

A60P1560
A60Q1021
A60Q1022
A60Q1102
A60Q1113
A60Q1114

A6001121
A60Q1122
A60Q1123
A60Q1201

REVJUN 1982

Tektronix
Part No.

283-0111-00
281-0763-00
281-0759-00
283-0203-00
283-0238-00
283-0238-00

283-0330-00
281-0775-00
283-0111-00
152-0322-00
152-0141-02
152-0141-02

152-0141-02
152-0141-02
152-0153-00
152-0153-00
152-0322-00
152-0322-00

152-0141-02
152-0322-00
152-0141-02
152-0322-00
152-0322-00
152-0322-00

152-0322-00
152-0141-02
152-0322-00
152-0141-02
152-0322-00
152-0141-02

152-0141-02
152-0141-02
276-0543-02
276-0543-02
276-0543-00
276-0543-02

276-0543-00
131-1857-00
131-1857-00
148-0128-00
148-0128-00
148-0128-00

148-0128-00
148-0128-00
148-0128-00
108-0284-00
108-0410-00
131-0265-00

131-0265-00
151-0712-00
151-0712-00
151-0190-00
151-0221-00
151-0221-00

151-0190-00
151-0190-00
151-0190-00
151-0190-00

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts- FG 5010

Name & Description

CAP. , FXD, CER DI : 0.1UF, 20 % ,50V
CAP. , FXD, CER DI : 47PF, 10% , 100V
CAP. , FXD, CER DI : 22PF , 10% , 100V
CAP. , FXD, CER DI : 0.47UF, 20 %,50V
CAP. , FXD, CER DI : 0.01UF, 10% , 50V
CAP. , FXD, CER DI : 0.01UF, 10%, 50V

CAP. , FXD, CER DI : 100PF, 5% ,50V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V
CAP. , FXD , CER DI : 0.1UF, 20 % , 50V
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA

SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 15V, 50MA
SEMICOND DEVICE: SILICON, 15V, 50MA
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER

SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER

SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICONDDEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 30V , 150MA

SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SHIELDINGBEAD, :
SHIELDINGBEAD, :
SHLD BEAD, ELEK: FERRITE
SHIELDINGBEAD, :

SHLD BEAD, ELEK: FERRITE
TERM. SET, PIN: 36 / 0.025 SQ PIN , ON 0.1 CTRS
TERM. SET, PIN: 36 / 0.025 SQ PIN, ON 0.1 CTRS
RELAY, ARMATURE: 1 FORM X & 1 FORM Y,8VDC
RELAY,ARMATURE: 1 FORM X & 1 FORM Y, 8VDC
RELAY,ARMATURE: 1 FORM X & 1 FORM Y,8VDC

RELAY,ARMATURE: 1 FORM X & 1 FORM Y , 8VDC
RELAY,ARMATURE: 1 FORM X & 1 FORM Y, 8VDC
RELAY,ARMATURE: 1 FORM X & 1 FORM Y,8VDC
COIL, RF: 0.1UH
COIL, RF: FIXED, 1UH
CONNECTOR, RCPT, : RIGHT ANGLE MOUNT

CONNECTOR, RCPT, : RIGHT ANGLE MOUNT
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON,NPN
TRANSISTOR: SILICON,NPN
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP

TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN

Mfr
Code Mfr Part Number

72982 8121- N088Z5U104M
72982 8035D9AADC1G470K
72982 8035D9AADC1G220K
72982 8131N075E474M
72982 8121N075X7R0103K
72982 8121N075X7R0103K

51642 150-050- NPO- 101J
72982 8005D9AABZ5U104M
72982 8121- N088Z5U104M
50434 5082-2672
01295 1N4152R
01295 1N4152R

01295 1N4152R
01295 1N4152R
07263 FD7003
07263 FD7003
50434 5082-2672
50434 5082-2672

01295 1N4152R
50434 5082-2672
01295 1N4152R
50434 5082-2672
50434 5082-2672
50434 5082-2672

50434 5082-2672
01295 1N4152R
50434 5082-2672
01295 1N4152R
50434 5082-2672
01295 1N4152R

01295 1N4152R
01295 1N4152R
78488 57-3096
78488 57-3096
80009 276-0543-00
78488 57-3096

80009 276-0543-00
6550013622526

22526 65500136
80009 148-0128-00
80009 148-0128-00
80009 148-0128-00

80009 148-0128-00
80009 148-0128-00
80009 148-0128-00
80009 108-0284-00
80009 108-0410-00
98291 51-053-0000

98291 51-053-0000
04713 SPS8223
04713 SPS8223
07263 S032677
04713 SPS246
04713 SPS246

07263 S032677
07263 S032677
07263 S032677
07263 S032677
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Replaceable Electrical Parts- FG5010

Component No.

A60Q1221
A60Q1222
A60Q1223
A60Q1224
A60Q1225
A60Q1230

A60Q1233
A60Q1234
A60Q1235
A60Q1241

A60Q1242
A60Q1332
A60Q1340
A60Q1341
A60Q1342
A60Q1343

A60Q1231 151-0441-00
A60Q1232A & B 151-1032-00

151-0221-00
151-0720-00
151-0192-00
151-0712-00

A6001430
A60Q1432
A60Q1433
A60Q1440
A60Q1441
A60Q1443

A60Q1551
A60R1010
A60R1011
A60R1021
A60R1022
A60R1031

A60R1032
A60R1033
A60R1041
A60R1042
A60R1043
A60R1044

A60R1045
A60R1051
A60R1052
A60R1101
A60R1102
A60R1103

A60R1104
A60R1108
A60R1109
A60R1114
A60R1115
A60R1115

A60R1116
A60R1117
A60R1118
A60R1119
A60R1121
A60R1122

A60R1123
A60R1126
A60R1127
A60R1131

Tektronix Serial / Model No.
Part No. Eff Dscont

9-22

151-1121-00
151-0333-00
151-0221-00
151-0221-00
151-0190-00
151-0271-00

151-0333-00
151-0448-00
151-0711-00
153-0654-00
153-0654-00
151-0711-00

151-0712-00
151-0712-00
151-0216-00
151-0271-00
151-0271-00
151-0192-00

151-0254-00
317-0181-00
317-0820-00
315-0331-00
315-0101-00
315-0101-00

315-0271-00
315-0821-00
315-0512-00
321-0310-00
321-0289-00
321-0296-00

315-0392-00
311-0633-00
311-0633-00
315-0153-00
315-0153-00
315-0153-00

315-0751-00
315-0104-00
315-0104-00
315-0121-00
315-0561-00 B010100 B010179

B010180315-0751-00

315-0471-00
315-0301-00
315-0432-00
315-0121-00
315-0181-00
315-0751-00

315-0751-00
315-0222-00
315-0113-00
315-0911-00

Name & Description

TRANSISTOR: FE, N CHANNEL, SI , VN- 3
TRANSISTOR: SILICON, NPN , SEL FROM MPS918
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, PNP

TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, FET, DUAL
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN, SEL FROM MPS6521
TRANSISTOR: SILICON, NPN

TRANSISTOR: SILICON, NPN , SEL FROM MPS918
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
SEMICOND DEVICE: MATCHED PAIR
SEMICOND DEVICE: MATCHED PAIR
TRANSISTOR: SILICON, NPN

TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN , SEL FROM MPS6521

TRANSISTOR: SILICON, NPN
RES. , FXD, CMPSN: 180 OHM , 5 %,0.125W
RES. , FXD, CMPSN: 82 OHM, 5 %, 0.125W
RES. , FXD , CMPSN: 330 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 100 OHM , 5 %,0.25W
RES. , FXD, CMPSN: 100 OHM, 5 %, 0.25W

RES. , FXD, CMPSN: 270 OHM, 5 %,0.25W
RES. , FXD, CMPSN: 820 OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 5.1K OHM , 5 %,(,0.25W
RES. , FXD , FILM: 16.5K OHM , 1%,0.125W
RES. , FXD, FILM: 10K OHM, 1%, 0.125W
RES., FXD, FILM: 11.8KOHM , 1%,0.125W

RES. , FXD, CMPSN: 3.9K OHM, 5% ,0.25W
RES. , VAR, NONWIR: 5K OHM, 10%, 0.50W
RES , VAR, NONWIR: 5K OHM , 10% , 0.50W
RES. , FXD , CMPSN: 15K OHM, 5 % ,0.25W
RES. , FXD , CMPSN: 15K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 15K OHM, 5 %, 0.25W

RES. , FXD, CMPSN: 750 OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 100K OHM, 5 %, 0.25W
RES , FXD , CMPSN: 100K
RES. , FXD , CMPSN: 120
RES. , FXD , CMPSN: 560
RES. , FXD, CMPSN: 750

OHM, 5 %, 0.25W
OHM, 5 %,0.25W
OHM, 5 %, 0.25W
OHM , 5 %, 0.25W

RES , FXD, CMPSN: 470
RES. , FXD, CMPSN: 300
RES. , FXD , CMPSN: 4.3K OHM, 5 % ,0.25W

OHM, 5%,0.25W
OHM , 5 % , 0.25W

RES. , FXD, CMPSN: 120
RES. , FXD, CMPSN: 180
RES. , FXD, CMPSN: 750

OHM , 5 %, 0.25W
OHM , 5 % , 0.25W
OHM, 5 %,0.25W

RES. , FXD , CMPSN: 750 OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 2.2K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 11KOHM , 5%, 0.25W
RES. , FXD , CMPSN: 910 OHM , 5 % , 0.25W

Mfr
Code Mfr Part Number

000GU NO1003N3
04713 SPS1752
04713 SPS246
04713 SPS246
07263 S032677
04713 SPS8236

04713 SRF501
17856 DN399
04713 SPS246
04713 SPS8232
04713 SPS8801
04713 SPS8223

04713 SPS1752
04713 SRF504
04713 SPS8224
80009 153-0654-00
80009 153-0654-00
04713 SPS8224

04713 SPS8223
04713 SPS8223
04713 SPS8803
04713 SPS8236
04713 SPS8236
04713 SPS8801

03508 X38L3118
01121 BB1815
01121 BB8205
01121 CB3315
01121 CB1015
01121 CB1015

01121 CB2715
01121 CB8215
01121 CB5125
91637 MFF1816G16501F
91637 MFF1816G10001F
91637 MFF1816G11801F

01121 CB3925
73138 82-30-1
73138 82-30-1
01121 CB1535
01121 CB1535
01121 CB1535

01121 CB7515
01121 CB1045
01121 CB1045
01121 CB1215
01121 CB5615
01121 CB7515

01121 CB4715
01121 CB3015
01121 CB4325
01121 CB1215
01121 CB1815
01121 CB7515

01121 CB7515
01121 CB2225
01121 CB1135
01121 CB9115
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Component No.

A60R1132
A60R1133
A60R1134
A60R1141
A60R1151
A60R1152

A60R1153
A60R1154
A60R1155
A60R1156
A60R1201
A60R1211

A60R1211
A60R1212
A60R1213
A60R1220
A60R1222
A60R1223

A60R1224
A60R1225
A60R1227
A60R1228
A60R1229
A60R1231

A60R1232
A60R1233
A60R1235
A60R1236
A60R1241
A60R1242

A60R1245
A60R1250
A60R1251
A60R1252
A60R1253
A60R1254

A60R1255
A60R1256
A60R1257
A60R1330
A60R1333
A60R1338

A60R1339
A60R1341
A60R1343
A60R1344
A60R1347
A60R1351

A60R1352
A60R1353
A60R1354
A60R1430
A60R1432
A60R1433

A60R1435
A60R1436
A60R1437
A60R1438

REVJUN 1982

Tektronix
Part No.

315-0113-00
315-0473-00
321-0289-00
321-0085-01
311-1035-00
311-0607-00

321-0373-00
315-0102-00
321-0352-00
315-0102-00
307-0605-00
315-0561-00 B010100 B010179

315-0911-00
315-0680-00
307-0605-00
315-0102-00
321-0119-00
321-0101-00

321-0114-00
321-0114-00
315-0101-00
317-0105-00
315-0124-00
315-0391-00

315-0221-00
308-0667-00
321-0106-00
321-0172-00
321-0296-07
317-0510-00

315-0102-00
315-0910-00
321-1296-07
321-0685-07
315-0153-00
321-0126-07

321-0685-07
321-0612-07
315-0201-00
315-0101-00
315-0111-00
315-0100-00

315-0111-00
315-0510-00
321-0772-02
321-0114-07
315-0100-00
315-0101-00

315-0101-00
315-0101-00
315-0112-00
315-0100-00
315-0100-00
315-0912-00

Serial / Model No.
Eff Dscont

315-0153-00
321-0193-07
321-0926-07
321-0332-07

B010180

Replaceable Electrical Parts- FG5010

Name & Description

RES., FXD, CMPSN: 11KOHM, 5%, 0.25W
RES. , FXD, CMPSN: 47K OHM, 5% ,0.25W
RES. , FXD, FILM: 10K OHM, 1%,0.125W
RES. , FXD, FILM: 75 OHM , 0.5% ,0.125W
RES. , VAR, NONWIR: 50K OHM, 10% , 0.50W
RES. , VAR, NONWIR: 10K OHM, 10%, 0.50W

RES. , FXD, FILM: 75K OHM , 1% , 0.125W
RES. , FXD, CMPSN: 1K OHM, 5% , 0.25W
RES. , FXD, FILM: 45.3K OHM , 1% ,0.125W
RES. , FXD , CMPSN: 1K OHM, 5%, 0.25W
RES NTWK, FXD FI : 470 OHM, 2 %, 0.15W
RES. , FXD, CMPSN: 560 OHM, 5% , 0.25W

RES. , FXD, CMPSN: 910 OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 68 OHM , 5 %,0.25W
RES NTWK, FXD FI : 470 OHM, 2 %, 0.15W
RES. , FXD, CMPSN: 1K OHM, 5%,0.25W
RES., FXD , FILM: 169 OHM , 1%, 0.125W
RES. , FXD, FILM: 110 OHM, 1% , 0.125W

RES. , FXD , FILM: 150 OHM , 1%, 0.125W
RES. , FXD, FILM: 150 OHM, 1%, 0.125W
RES. , FXD , CMPSN: 100 OHM, 5 % ,0.25W
RES. , FXD , CMPSN: 1M OHM, 5 %,0.125W
RES. , FXD, CMPSN: 120K OHM , 5 % , 0.25W
RES. , FXD , CMPSN: 390 OHM, 5 %,0.25W

RES. , FXD , CMPSN: 220 OHM, 5%,0.25W
RES.. , FXD , WW : 237 OHM , 1% , 1W
RES. , FXD, FILM: 124 OHM, 1%, 0.125W
RES. , FXD, FILM: 604 OHM , 1%, 0.125W
RES. , FXD, FILM: 11.8KOHM, 0.1%,0.125W
RES. , FXD, CMPSN: 51 OHM, 5 %,0.125W

RES. , FXD, CMPSN: 1K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 91 OHM , 5 %,0.25W
RES. , FXD, FILM: 12K OHM , 0.1%, 0.125W
RES.. , FXD, FILM: 30K OHM , 0.1%, 0.125W
RES. , FXD, CMPSN: 15K OHM, 5 %, 0.25W
RES. , FXD, FILM: 200 OHM, 0.1%,0.125W

RES. , FXD, FILM: 30K OHM, 0.1%,0.125W
RES. , FXD, FILM: 500 OHM,0.1%, 0.125W
RES. , FXD, CMPSN: 200 OHM, 5 %,0.25W
RES. , FXD, CMPSN: 100 OHM, 5%,0.25W
RES. , FXD, CMPSN: 110 OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 10 OHM , 5 %,0.25W

RES. , FXD , CMPSN: 110OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 51 OHM , 5 %,0.25W
RES. , FXD, FILM: 63 OHM, 0.5%, 0.125W
RES. , FXD, FILM: 150 OHM, 0.1%,0.125W
RES.. , FXD , CMPSN: 10 OHM , 5 %,0.25W
RES. , FXD, CMPSN: 100 OHM, 5 %,0.25W

RES. , FXD, CMPSN: 100 OHM, 5 %, 0.25W
RES.. , FXD, CMPSN: 100 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 1.1KOHM , 5 %, 0.25W
RES., FXD, CMPSN: 10 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 10 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 9.1K OHM , 5 %, 0.25W

RES. , FXD, CMPSN: 15K OHM, 5 %, 0.25W
RES. , FXD, FILM: 1K OHM, 0.1%, 0.125W
RES., FXD, FILM: 4K OHM , 0.1%,0.125W
RES. , FXD, FILM: 28K OHM, 0.1% ,0.125W

Mfr
Code Mfr Part Number

CB1135
CB4735

01121
01121

MFF1816G10001F91637
24546 NA55D75ROD

82-40-073138
73138 82-25-2

MFF1816G75001F91637
01121
91637 MFF1816G45301F
01121 CB1025

CB1025

32997 4308R - 81-R470
01121 CB5615

01121
01121
32997 4308R - 81- R470
01121
91637 MFF1816G169ROF
91637 MFF1816G110ROF

CB9115
CB6805

CB1025

91637 MFF1816G150ROF
91637 MFF1816G150ROF
01121 CB1015
01121 BB1055
01121 CB1245
01121 CB3915

01121 CB2215
91637 NS1A- 21- A237ROF
91637 MFF1816G124ROF
91637 MFF1816G604ROF
91637 MFF1816C11801B
01121 BB5105

01121 CB1025
01121 CB9105
91637 MFF1816C12001B
91637 MFF1816C30001B
01121 CB1535
91637 MFF1816C200ROB

91637 MFF1816030001B
91637 MFF1816C500ROB
01121 CB2015
01121 CB1015
01121 CB1115
01121 CB1005

01121 CB1115
01121 CB5105
91637 CMF110216D63ROOD
91637 MFF1816C150ROB
01121 CE1005
01121 CB1015

01121 CB1015
01121 CB1015
01121 CB1125
01121 CB1005
01121 CB1005
01121 CB9125

01121 CB1535
91637 MFF1816C10000B
91637 MFF1816C40000B
91637 MFF1816C28001B
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Replaceable Electrical Parts- FG5010

Component No.
A60R1441
A60R1442
A60R1443
A60R1444
A60R1445
A60R1446

A60R1452
A60R1511
A60R1512
A60R1521
A60R1531
A60R1532

A60R1533
A60R1534
A60R1535
A60R1536
A60R1537
A60R1541

A60R1542
A60R1543
A60R1544
A60R1545
A60R1546
A60R1547

A60R1551
A60R1552
A60R1553
A60R1554
A60R1555
A60R1556

A60R1611
A60R1612
A60R1621
A60R1622
A60R1631
A60R1632

A60R1633
A60R1634
A60R1635
A60R1636
A60R1637
A60R1638

A60R1641
A60R1642
A60R1643
A60R1644
A60R1645
A60R1646

A60R1647
A60R1648
A60R1649
A60R1651
A60R1652
A60R1653

A60R1654
A60R1701
A60R1702
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Tektronix Serial / Model No.
Part No. Eff Dscont

315-0100-00
315-0100-00
315-0510-00
315-0510-00
315-0510-00
315-0510-00

315-0391-00
315-0473-00
315-0473-00
321-0179-00
311-0605-00
321-1713-07

315-0105-00
315-0204-00
311-1897-00
321-0603-07
311-1035-00
321-1296-07

315-0332-00
315-0204-00
315-0512-00
321-0926-07
321-0332-07
315-0153-00

321-0193-07
315-0912-00
321-1296-07
321-0603-07
311-0605-00
321-1713-07

321-0289-02
321-0637-00
321-0096-00
321-0385-00
315-0105-00
315-0204-00

311-0609-00
311-1897-00
315-0512-00
315-0332-00
315-0682-00
321-0126-00

315-0113-00
315-0103-00
315-0100-00
321-0673-07
311-0606-00
311-1035-00

315-0100-00
315-0204-00
321-1313-07
321-0371-00
321-1713-07
321-1313-07

321-0193-07
315-0303-00
315-0303-00

Name & Description
RES. , FXD , CMPSN: 10 OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 10 OHM, 5 %,0.25W
RES. ,FXD, CMPSN: 51 OHM , 5%, 0.25W
RES. , FXD , CMPSN: 51 OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 51 OHM, 5 %, C,0.25W
RES. , FXD, CMPSN: 51 OHM, 5%, 0.25W

RES. , FXD , CMPSN: 390 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 47K OHM, 5 %,0.25W
RES. , FXD, CMPSN: 47K OHM, 5 % , 0.25W
RES.,FXD, FILM: 715 OHM, 1% , 0.125W
RES. ,VAR, NONWIR: TRMR, 200 OHM, 0.5W
RES. ,FXD, FILM: 36K OHM, 0.1% , 0.125W

RES. ,FXD, CMPSN: 1M OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 200K OHM, 5%, 0.25W
RES. ,VAR, NONWIR: 25K OHM, 10% , 0.50W
RES. , FXD, FILM: 15K OHM, 0.1% , 0.125W
RES. ,VAR, NONWIR: 50K OHM , 10% , 0.50W
RES. , FXD, FILM: 12K OHM , 0.1% , 0.125W

RES. , FXD, CMPSN: 3.3K OHM , 5 %, 0.25W
RES., FXD, CMPSN: 200K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 5.1K OHM, 5% ,0.25W
RES. , FXD,FILM: 4K OHM, 0.1% , 0.125W
RES. , FXD, FILM: 28K OHM,0.1%, 0.125W
RES., FXD, CMPSN: 15K OHM, 5 % , 0.25W

RES. , FXD, FILM: 1K OHM , 0.1% , 0.125W
RES. , FXD, CMPSN: 9.1K OHM , 5 % , 0.25W
RES. ,FXD, FILM: 12K OHM ,0.1% , 0.125W
RES. , FXD, FILM: 15K OHM , 0.1% , 0.125W
RES. ,VAR, NONWIR: TRMR, 200 OHM, 0.5W
RES. , FXD, FILM: 36K OHM, 0.1%, 0.125W

RES. , FXD, FILM: 10K OHM , 0.5%, 0.125W
RES. , FXD, FILM: 9.9K OHM , 0.5% , 0.125W
RES. , FXD, FILM: 97.6 OHM , 1% , 0.125W
RES. , FXD , FILM: 100K OHM, 1% , 0.125W
RES. , FXD, CMPSN: IM OHM, 5%, 0.25W
RES. , FXD, CMPSN: 200K OHM, 5% , 0.25W

RES. , VAR, NONWIR: 2K OHM, 10% , 0.50W
RES. , VAR, NONWIR: 25K OHM , 10% , 0.50W
RES. , FXD, CMPSN: 5.1KOHM, 5% , 0.25W
RES. , FXD, CMPSN: 3.3K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 6.8K OHM , 5 % , 0.25W
RES. , FXD , FILM: 200 OHM, 1%,0.125W

RES. , FXD, CMPSN: 11KOHM, 5% , 0.25W
RES. , FXD, CMPSN: 10K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 10 OHM , 5 %, 0.25W
RES. , FXD , FILM: 17K OHM, 0.1% , 0.125W
RES. ,VAR, NONWIR: 500K OHM , 30 % , 0.50W
RES. , VAR, NONWIR: 50K OHM , 10% , 0.50W

RES. , FXD , CMPSN: 10 OHM, 5 % , 0.25W
RES., FXD, CMPSN: 200K OHM, 5 % , 0.25W
RES. , FXD, FILM: 18.0K OHM, 0.1% , 0.125W
RES. , FXD, FILM: 71.5KOHM , 1% , 0.125W
RES. , FXD, FILM: 36K OHM , 0.1% , 0.125W
RES. , FXD, FILM: 18.0K OHM, 0.1% , 0.125W

RES. , FXD,FILM: 1K OHM, 0.1% , 0.125W
RES. , FXD, CMPSN: 30K OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 30K OHM, 5 % ,0.25W

Mfr
Code Mfr Part Number
01121 CB1005
01121 CB1005
01121 CB5105
01121 CB5105
01121 CB5105
01121 CB5105

01121 CB3915
01121 CB4735
01121 CB4735
91637 MFF1816G715ROF
73138 82-23-2
24546 NE55E3602B

01121 CB1055
01121 CB2045
32997 3299W- 1-253
91637 MFF1816C15001B
73138 82-40-0
91637 MFF1816C12001B

01121 CB3325
01121 CB2045
01121 CB5125
91637 MFF1816C40000B
91637 MFF1816C28001B
01121 CB1535

91637 MFF1816C10000B
01121
91637 MFF1816C12001B
91637 MFF1816C15001B
73138 82-23-2
24546 NE55E3602B

CB9125

CMF55-116D10001D91637
24546 NC55C9901D
91637 MFF1816G97R60F
91637 MFF1816G10002F
01121 CB1055
01121 CB2045

73138 82-26-1
32997 3299W - 1-253
01121 CB5125
01121 CB3325
01121 CB6825
91637 MFF1816G200ROF

01121 CB1135
01121 CB1035
01121 CB1005
91637 MFF1816C17001B
73138 82-24-0
73138 82-40-0

01121 CB1005
01121 CB2045
91637 CMF110X216C180
91637 MFF1816G71501F
24546 NE55E3602B
91637 CMF110X216C180

91637 MFF1816C10000B
01121 CB3035
01121 CB3035
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Component No.

A60R1710
A60R1711
A60R1712
A60R1721
A60R1722
A60R1723

A60R1724
A60R1725
A60R1726
A60R1731
A60R1732
A60R1733

A60R1734
A60R1735
A60R1736
A60R1737
A60R1741
A60R1742

A60R1743
A60R1744
A60R1745
A60R1746
A60R1747
A60R1748

A60R1750
A60R1751
A60R1752
A60R1753
A60R1754
A60R1755

A60R1756
A60R1757
A60R1758
A60R1759
A60R1801
A60R1811

A60R1812
A60R1813
A60R1831
A60R1832
A60R1833
A60R1834

A60R1841
A60R1842
A60R1851
A60R1852
A60R1853
A60RT1230

A60TP1441
A60TP1541
A60TP1731
A60TP1821
A60U1001
A60U1002

A60U1003
A60U1011
A60U1012

REVJUN 1982

Tektronix
Part No.

315-0821-00
315-0392-00
321-0350-00
315-0103-00
321-1713-07
321-0684-00

321-0966-03
321-0373-00
321-0632-00
321-0289-02
315-0472-00
321-0155-00

311-0635-00
311-0635-00
315-0511-00
315-0103-00
315-0102-00
315-0103-00

315-0682-00
321-0481-00
321-0481-00
321-0385-00
321-0385-00
321-0356-00

321-0336-00
321-1296-07
321-0371-00
321-0986-07
321-1713-07
315-0106-00

315-0106-00
315-0475-00
321-0336-00
315-0473-00
315-0303-00
315-0683-00

315-0683-00
315-0683-00
315-0133-00
315-0431-00
315-0431-00
321-0273-00

315-0103-00
321-0452-00
321-0986-07
321-0296-07
321-1296-07
307-0122-00

214-0579-00
214-0579-00
214-0579-00
214-0579-00
156-0312-00
156-1260-00

156-1261-00
156-1641-00
156-1080-01

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts- FG5010

Name & Description

RES. , FXD, CMPSN: 820 OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 3.9K OHM, 5 %, 0.25W
RES. , FXD, FILM: 43.2K OHM, 1%, (, 0.125W
RES. , FXD, CMPSN: 10K OHM, 5%, 0.25W
RES. , FXD, FILM: 36K OHM, 0.1% , 0.125W
RES. , FXD, FILM: 15K OHM, 0.5% , 0.125W

RES. ,FXD, FILM: 40K OHM, 0.25%, 0.125W
RES. , FXD, FILM: 75K OHM , 1% , 0.125W
RES. , FXD, FILM: 9.41K OHM , 0.5% , 0.125W
RES. , FXD, FILM: 10K OHM, 0.5% , 0.125W
RES. , FXD, CMPSN: 4.7K OHM, 5%, 0.25W
RES. , FXD, FILM: 402 OHM , 1%, 0.125W

RES. ,VAR, NONWIR: 1K OHM, 10% , 0.50W
RES. , VAR, NONWIR: 1K OHM, 10%, 0.50W
RES. , FXD, CMPSN: 510 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 10K OHM, 5 %,0.25W
RES. , FXD, CMPSN: 1K OHM, 5%,0.25W
RES. , FXD , CMPSN: 10K OHM, 5 %, 0.25W

RES., FXD, CMPSN: 6.8K OHM , 5%, 0.25W
RES. , FXD, FILM: IM OHM , 1% , 0.125W
RES. , FXD, FILM : IM OHM , 1%,0.125W
RES. , FXD, FILM: 100K OHM , 1%, 0.125W
RES. , FXD , FILM: 100K OHM, 1%,0.125W
RES. , FXD, FILM: 49.9K OHM , 1% , 0.125W

RES. , FXD, FILM: 30.9K OHM, 1% ,,0.125W
RES. , FXD, FILM: 12K OHM, 0.1%,0.125W
RES. , FXD, FILM: 71.5KOHM, 1% , 0.125W
RES. , FXD, FILM: 25K OHM ,0.1%,,0.125W
RES. , FXD, FILM: 36K OHM, 0.1% , 0.125W
RES. , FXD, CMPSN: 10M OHM, 5%, 0.25W

RES. , FXD, CMPSN: 10M OHM, 5%,0.25W
RES. , FXD, CMPSN: 4.7M OHM, 5%, 0.25W
RES. , FXD, FILM: 30.9K OHM , 1% , 0.125W
RES. , FXD, CMPSN: 47K OHM, 5%, 0.25W
RES. , FXD, CMPSN: 30K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 68K OHM, 5%,0.25W

RES. , FXD, CMPSN: 68K OHM, 55%,0.25W
RES. , FXD, CMPSN: 68K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 13K OHM, 5 % , (,0.25W
RES. , FXD , CMPSN: 430 OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 430 OHM, 5% , 0.25W
RES. , FXD, FILM: 6.81K OHM , 1% , 0.125W

RES. , FXD, CMPSN: 10K OHM, 5 %,0.25W
RES. , FXD , FILM: 499K OHM , 1% , 0.125W
RES., FXD, FILM: 25K OHM,0.1%, 0.125W
RES. , FXD, FILM: 11.8KOHM, 0.1%,,0.125W
RES. , FXD , FILM: 12K OHM, 0.1% , 0.125W
RES. , THERMAL: 50 OHM, 10%

TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
MICROCIRCUIT, LI : VOLTAGEREGULATOR, 15V, 1A
MICROCIRCUIT, LI : VOLTAGEREGULATOR

MICROCIRCUIT, LI : VOLTAGEREGULATOR
MICROCIRUIT, DI : ECL, QUAD 2 - INPUT NOR GATE
MICROCIRCUIT, DI : HEX BUFFERS U/ OC HV

Mfr
Code Mfr Part Number

CB8215
CB3925

01121
01121
91637 MFF1816G43201F
01121 CB1035
24546 NE55E3602B
91637 MFF1816D15001D

91637 MFF1816D40001C
91637 MFF1816G75001F
91637 MFF1816D94100C
91637 CMF55-116D10001D
01121 CB4725
91637 MFF1816G402ROF

73138 82-32-1
73138 82-32-1
01121 CB5115
01121 CB1035
01121 CB1025
01121 CB1035

01121 CB6825
24546 NA4D1004F
24546 NA4D1004F
91637 MFF1816G10002F
91637 MFF1816G10002F
91637 MFF1816G49901F

91637 MFF1816G30901F
91637 MFF1816C12001B
91637 MFF1816G71501F
91637 MFF1816C25001B
24546 NE55E3602B
01121 CB1065

01121 CB1065
01121 CB4755
91637 MFF1816G30901F
01121 CB4735

CB303501121
01121 CB6835

01121 CB6835
01121 CB6835
01121 CB1335
01121 CB4315
01121 CB4315
91637 MFF1816G68100F

CB103501121
91637 MFF1816G49902F
91637 MFF1816C25001B
91637 MFF1816C11801B
91637 MFF1816C12001B
50157 3D1515

80009 214-0579-00
80009 214-0579-00
80009 214-0579-00
80009 214-0579-00
27014 LM340T- 15
04713 MC79LS15ACP

04713 MC78L15ACP
80009 156-1641-00
27014 DM7407
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Replaceable Electrical Parts- FG5010

Component No.
A60U1041
A60U1042
A60U1141
A60U1201
A60U1211
A60U1301

A60U1311
A60U1351
A6001401
A60U1411
A60U1421
A60U1501

A60U1502
A60U1511
A60U1521
A60U1551
A60U1601
A60U1602

A60U1611
A60U1612
A60U1622
A60U1631
A60U1641
A60U1701

A60U1702
A60U1721
A60U1731
A60U1821
A60U1831
A60U1841

A60VR1220
A60VR1230
A60VR1240
A60VR1351
A60VR1430
A60VR1450

A60VR1711
A60VR1722
A60VR18

9-26

Tektronix Serial / Model No.
Part No. Eff Dscont

156-1366-00
156-0495-00
156-0796-01
156-0230-02
156-0182-02
156-0796-01

156-1245-00
156-0534-00
156-0796-01
156-1245-00
156-0854-00
156-0796-01

156-0796-01
156-0719-00
156-0854-00
156-0854-00
156-0796-01
156-0796-01

156-0719-00
156-1548-00
156-0854-00
156-0854-00
156-0495-00
156-0796-01

156-0796-01
156-1366-00
156-1200-00
156-0515-00
156-0854-00
156-0514-00

152-0127-00
152-0437-00
152-0512-00
152-0195-00
152-0638-00
152-0437-00

152-0693-00
152-0514-00
152-0411-00

Name & Description
MICROCIRCUIT, LI : 8 BIT MULTIPLYINGD / A CONV
MICROCIRCUIT, LI : OPNL AMPL
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : DUAL D- TYPE M / S , FF, SCRN
MICROCIRCUIT, DI : TRIPLE 2-3-2 INPUT GATE
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR

MICROCIRCUIT, LI : 7 XSTR, HV/ HIGH CUR
MICROCIRCUIT, LI : DUAL DIFF AMPL, 14 LD DIP
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, LI : 7 XSTR, HV/ HIGH CUR
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR

MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, LI : 10 BIT MULTIPLYINGDAC
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR

MICROCIRCUIT, DI : TRIPLE 3 - CHAN MUX
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER
MICROCIRCUIT, DI : DIFF 4-CHAN MUX

Mfr
Code Mfr Part Number
80009 156-1366-00

LM324N27014
80009
80009

156-0796-01
156-0230-02

80009 156-0182-02
80009 156-0796-01

SEMICOND DEVICE: ZENER, 0.4W, 7.5V, 5 %
SEMICOND DEVICE: ZENER, SI ,8.2V, 2 %, 0.4W
SEMICOND DEVICE: ZENER, 1W, 9.1V, 5 %
SEMICOND DEVICE: ZENER, 0.4W, 5.1V, 5%
SEMICOND DEVICE: ZENER, 0.4W, 7V, 5%
SEMICOND DEVICE: ZENER, SI , 8.2V, 2 % , 0.4W

04713 MC1413PDS
80009 156-0534-00
80009 156-0796-01
04713 MC1413PDS
27014 LM308AN
80009 156-0796-01

MICROCIRCUIT, LI : 10 BIT MULTIPLYINGDAC
MICROCIRCUIT, LI : D / A CONVERTER
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER
MICROCIRCUIT, LI : OPNL AMPL 27014
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR 80009

SEMICOND DEVICE: ZENER, 0.4W, 4V,5%
SEMICOND DEVICE: ZENER, 0.4W, 10V,1%
SEMICOND DEVICE: ZENER, 0.25W, 9V ,5%

80009 156-0796-01
24355 AD7533LN
27014 LM308AN
27014 LM308AN
80009 156-0796-01
80009 156-0796-01

MICROCIRCUIT, LI : OPERATIONALAMPL

MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR 80009 156-0796-01

MICROCIRCUIT, LI : 8 BIT MULITPLYINGD/ A CONV 80009 156-1366-00
01295 TL074CN
80009 156-0515-00
27014 LM308AN
80009 156-0514-00

24355 AD7533LN
80009 156-1548-00
27014 LM308AN
27014 LM308AN

LM324N
156-0796-01

04713 SZG35009K2
14552 TD332679
12969 UZ8709
04713 SZ11755
80009 152-0638-00
14552 TD332679

80009 152-0693-00
80009 152-0514-00

SZ12483KRL04713
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Component No.
A70
A70C1000
A7001002
A70C1003
A70C1020
A70C1032

A70C1120
A70C1130
A7001140
A70C1200
A7001212
A7001220

A7001300
A70C1302
A7001310
A7001340
A7001402
A70C1420

A70C1430
A70C1432
A7001510
A70C1512
A7001513
A70C1520

A70C1530
A70C1540
A70C1542
A70C1600
A70C1616
A7001630

A7001631
A70C1700
A70C1702
A70C1704
A7001710
A70C1714

A7001720
A7001730
A7001740
A70C1800
A70C1802
A70C1810

A70C1812
A70C1813
A70C1814
A70C1820
A70C1826
A70C1840

A70C1842
A70CR1020
A70CR1021
A70CR1022
A70CR1023
A70CR1410

A70CR1440
A70CR1441
A70CR1540

REVJUN 1982

Tektronix
Part No.

670-6910-00
290-0804-00
290-0804-00
290-0804-00
281-0763-00
281-0773-00

281-0773-00
281-0773-00
281-0773-00
281-0773-00
281-0773-00
281-0773-00

281-0814-00
281-0773-00
281-0773-00
281-0773-00
281-0770-00
281-0773-00

281-0773-00
281-0773-00
281-0773-00
281-0773-00
281-0773-00
281-0773-00

281-0773-00
290-0527-00
290-0536-00
281-0773-00
281-0770-00
290-0524-00

283-0186-00
283-0249-00
283-0104-00
283-0179-00
281-0775-00
281-0773-00

281-0773-00
281-0773-00
281-0773-00
290-0770-00
281-0775-00
290-0804-00

283-0339-00
281-0773-00
290-0522-00
283-0330-00
283-0197-00
281-0773-00

281-0770-00
152-0153-00
152-0153-00
152-0153-00
152-0153-00
152-0141-02

152-0141-02
152-0141-02
152-0141-02

Serial / Model No.
Eff Dscont Name & Description

CKT BOARD ASSY: LOOP II
CAP. , FXD, ELCTLT: 10UF, +50-10% , 25V
CAP. , FXD, ELCTLT: 10UF, +50-10%, 25V
CAP. , FXD, ELCTLT: 10UF, +50-10% , 25V
CAP. , FXD, CER DI : 47PF, 10% , 100V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V

CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER

Replaceable Electrical Parts- FG5010

CAP.. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP.., FXD , CER
CAP. , FXD, CER
CAP. , FXD, CER

CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP. , FXD, CER
CAP.. , FXD, CER
CAP. , FXD, CER

DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10%, 100V

DI : 100PF, 10%, 100V
DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10%, 100V
DI : 0.001UF, 20 % , 100V
DI : 0.01UF, 10%, 100V

DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10%, 100V
DI : 0.01UF, 10% , 100V
DI : 0.01UF, 10%, 100V

CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD , ELCTLT: 15UF, 20 % , 20V
CAP. , FXD, ELCTLT: 10UF, 20 %, 25V
CAP. , FXD, CER DI : 0.01UF, 10%, 100V
CAP. , FXD, CER DI : 0.001UF, 20 %, 1100V
CAP. , FXD, ELCTLT: 4.7UF, 20 %, 10V

CAP. , FXD, CER DI : 27PF, 5 %, 50V
CAP. , FXD, CER DI : 0.068UF , 10% , 50V
CAP. , FXD, CER DI : 2000PF , 5 %,500V
CAP. , FXD, CER DI : 0.68UF, 10%, 100V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V
CAP. , FXD , CER DI : 0.01UF, 10%, 100V

CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP.. , FXD, CER DI : 0.01UF, 10%, 100V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD, ELCTLT: 100UF, +50-10% , 25V
CAP. , FXD, CER DI : 0.1UF, 20 %, 50V
CAP. , FXD, ELCTLT: 10UF, +50-10% , 25V

CAP. , FXD, CER DI : 0.22UF. 10%, 50V
CAP. , FXD, CER DI : 0.01UF, 10%, 100V
CAP. , FXD, ELCTLT: 1UF, 20 %,50V
CAP. , FXD , CER DI : 100PF, 5 %,50V
CAP. , FXD , CER DI : 470PF, 5%, 100V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V

CAP. , FXD,CER DI : 0.001UF, 20 % , 100V
SEMICOND DEVICE: SILICON, 15V, 50MA
SEMICOND DEVICE: SILICON, 15V, 50MA
SEMICOND DEVICE: SILICON, 15V, 50MA
SEMICOND DEVICE: SILICON, 15V, 50MA
SEMICOND DEVICE: SILICON, 30V , 150MA

SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA

Mfr
Code Mfr Part Number

80009 670-6910-00
55680 25ULA10V-T
55680 25ULA10V-T
55680 25ULA10V- T
72982 8035D9AADC1G470K
04222 GC70-10103K

04222 GC70-1C103K
04222 GC70-1C103K
04222 GC70-10103K
04222 GC70-1C103K
04222 GC70-10103K
04222 GC70-1C103K

04222 GC70-1-A101K
04222 GC70-1C103K
04222 GC70-10103K
04222 GC70-10103K
72982 8035D9AADXSR102M
04222 GC70-1C103K

04222 GC70-10103K
04222 GC70-10103K
04222 GC70-1C103K
04222 GC70-10103K
04222 GC70-10103K
04222 GC70-10103K

04222 GC70-10103K
90201 TDC156M020FL
90201 TDC106M025FL
04222 GC70-1C103K
72982 8035D9AADX5R102M
90201 TDC475M010EL

59660 811A058COGO270J
72982 8131N075 C 683K
72982 811-565B202J
72982 8151N150C684K
72982 8005D9AABZ5U104M
04222 GC70-1C103K

04222 GC70-10103K
04222 GC70-10103K
04222 GC70-1C103K
56289 502D230
72982 8005D9AABZ5U104M
55680 25ULA10V-T

72982 8131N075W5R224K
04222 GC70-1C103K
56289 196D105X0050HA1
51642 150-050- NPO- 101J
72982 8121N075C0G0471J
04222 GC70-10103K

72982 8035D9AADX5R102M
07263 FD7003
07263 FD7003
07263 FD7003
07263 FD7003
01295 1N4152R

01295 1N4152R
01295 1N4152R
01295 1N4152R
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Replaceable Electrical Parts- FG5010

Component No.
A70CR1541
A70CR1620
A70CR1621
A70CR1710
A70CR1740
A70J1030

A70J1032
A70L1720
A70L1722
A70P1650
A70P1660
A70Q1020

A70Q1022
A70Q1030
A70Q1032
A70Q1034
A70Q1036
A70Q1140

A70Q1142
A70Q1620
A70Q1622
A70Q1624
A70Q1626
A70Q1720

A70Q1721
A70Q1722
A7001820
A70Q1822
A70Q1830
A70Q1832

A7001834
A70Q1840
A70Q1842
A70R1000
A70R1001
A70R1010

A70R1011
A70R1012
A70R1013
A70R1014
A70R1015
A70R1016

A70R1017
A70R1018
A70R1019
A70R1022
A70R1023
A70R1025

A70R1026
A70R1027
A70R1028
A70R1029
A70R1030
A70R1031

*A70R1034
A70R1035
A70R1036
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Tektronix Serial / Model No.
Part No. Eff Dscont

152-0141-02
152-0141-02
152-0141-02
152-0322-00
152-0141-02
131-0608-00

131-0608-00
108-0367-00
108-0367-00
131-0265-00
131-0265-00
151-1042-00

151-1042-00
151-0333-00
151-0333-00
151-0221-00
151-0221-00
151-0188-00

151-0188-00
151-0188-00
151-0190-00
151-0190-00
151-0190-00
151-0220-00

151-0220-00
151-0220-00
151-0712-00
151-0712-00
151-0712-00
151-0712-00

151-0188-00
151-0188-00
151-0188-00
315-0104-00
315-0103-00
315-0103-00

315-0103-00
315-0104-00
315-0104-00
315-0103-00
315-0104-00
315-0103-00

315-0104-00
315-0104-00
315-0103-00
315-0913-00
315-0914-00
301-0510-00

307-0105-00
307-0105-00
315-0221-00
321-0208-00
315-0470-00
315-0222-00

321-0215-00
321-0082-00
315-0221-00

Name & Description
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICONDDEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SIG, SI , 15V
SEMICOND DEVICE: SILICON, 30V , 150MA
TERMINAL, PIN: 0.365 L X 0.025 PH BRZ GOLD

TERMINAL, PIN: 0.365 L X 0.025 PH BRZ GOLD
COIL, RF: FIXED, 1.03UH
COIL, RF: FIXED, 1.03UH
CONNECTOR, RCPT, : RIGHT ANGLE MOUNT
CONNECTOR, RCPT, : RIGHT ANGLE MOUNT
SEMICOND DVC SE : MATCHED PAIR FET

SEMICOND DVC SE : MATCHED PAIR FET
TRANSISTOR: SILICON, NPN, SEL FROM MPS918
TRANSISTOR: SILICON, NPN, SEL FROM MPS918
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP

TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, PNP

TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON,NPN
TRANSISTOR: SILICON,NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN

TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
RES. , FXD, CMPSN: 100K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 10K OHM, 5 %, 0.25W
RES. ,FXD, CMPSN: 10K OHM , 5%, 0.25W

RES. , FXD, CMPSN: 10K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 100K OHM, 5 %, 0.25W
RES. , FXD , CMPSN: 100K OHM, 5 % , 0.25W
RES. , FXD , CMPSN: 10K OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 100K OHM,5 %, 0.25W
RES. , FXD, CMPSN: 10K OHM, 5 %, 0.25W

RES. , FXD, CMPSN: 100K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 100K OHM, 5 % , 0.25W
RES., FXD, CMPSN: 10K OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 91K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 910K OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 51 OHM, 5 % , 0.50W

RES. , FXD, CMPSN: 3.9
RES. , FXD , CMPSN: 3.9
RES. , FXD, CMPSN: 220

OHM, 5 % , 0.25W
OHM, 5 % , 0.25W
OHM, 5 % , 0.25W

RES. , FXD, FILM: 1.43K OHM , 1% , 0.125W
RES. , FXD, CMPSN: 47 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 2.2K OHM, 5 % , 0.25W

RES. ,FXD, FILM: 1.69K OHM , 1% , 0.125W
RES. , FXD , FILM: 69.8 OHM, 1% , 0.125W
RES. , FXD, CMPSN: 220 OHM , 5 % , 0.25W

Mfr
Code Mfr Part Number

01295 1N4152R
01295 1N4152R
01295 1N4152R
21847 A2X600
01295 1N4152R
22526 47357

22526 47357
80009 108-0367-00
80009 108-0367-00
98291 51-053-0000
98291 51-053-0000
27014 SF50031

27014 SF50031
04713 SPS1752
04713 SPS1752
04713 SPS246
04713 SPS246
04713 SPS6868K

04713 SPS6868K
04713 SPS6868K
07263 S032677
07263 S032677
07263 S032677
07263 S036228

07263 S036228
07263 S036228
04713 SPS8223
04713 SPS8223
04713 SPS8223
04713 SPS8223

04713 SPS6868K
04713 SPS6868K
04713 SPS6868K
01121
01121
01121

CB1045
CB1035
CB1035

01121 CB1035
01121 CB1045

CB104501121
01121
01121 CB1045

CB1035

01121 CB1035

01121 CB1045
CB104501121

01121 CB1035
01121 CB9135
01121 CB9145
01121 EB5105

CB39G501121
01121 CB39G5

CB221501121
91637
01121
01121

MFF1816G14300F
CB4705
CB2225

91637 MFF1816G16900F
91637 MFF1816G69R80F
01121 CB2215

REVMAR 1982
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Component No.
A70R1037
A70R1038
A70R1039
A70R1040
A70R1041
A70R1042

A70R1043
A70R1130
A70R1140
A70R1141
A70R1142
A70R1210

A70R1212
A70R1239
A70R1240
A70R1241
A70R1243
A70R1244

A70R1300
A70R1330
A70R1340
A70R1341
A70R1342
A70R1400

A70R1440
A70R1442
A70R1500
A70R1502
A70R1503
A70R1510

A70R1520
A70R1521
A70R1530
A70R1540
A70R1541
A70R1600

A70R1610
A70R1611
A70R1612
A70R1614
A70R1615
A70R1616

A70R1620
A70R1621
A70R1630
A70R1631
A70R1632
A70R1633

A70R1635
A70R1636
A70R1637
A70R1700
A70R1701
A70R1702

A70R1710
A70R1711
A70R1712

REVMAR 1982

Tektronix
Part No.

315-0221-00
321-0210-00
315-0180-00
315-0431-00
315-0510-00
315-0180-00

315-0221-00
315-0911-00
315-0132-00
315-0821-00
315-0510-00
315-0391-00

315-0391-00
315-0332-00
315-0361-00
315-0621-00
315-0102-00
315-0431-00

315-0242-00
315-0102-00
315-0103-00
315-0911-00
315-0911-00
315-0102-00

315-0104-00
315-0102-00
311-1225-00
321-0217-00
321-0307-00
315-0472-00

315-0101-00
315-0101-00
315-0102-00
315-0103-00
315-0104-00
311-1231-00

321-0280-00
321-0289-00
321-0289-00
315-0471-00
315-0201-00
315-0331-00

315-0201-00
315-0113-00
315-0104-00
315-0104-00
315-0104-00
315-0104-00

315-0104-00
315-0201-00
315-0122-00
315-0104-00
321-0638-00
321-0184-00

321-0182-00
321-0273-00
321-0249-00

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts - FG5010

Name & Description

RES., FXD, CMPSN: 220 OHM , 5% , 0.25W
RES. , FXD, FILM: 1.5K OHM, 1% , 0.125W
RES. , FXD, CMPSN: 18 OHM , 5% , 0.25W
RES , FXD, CMPSN: 430 OHM, 5%,0.25W
RES. , FXD, CMPSN: 51 OHM , 5 %,0.25W
RES. , FXD, CMPSN: 18 OHM , 5%, 0.25W

RES. , FXD, CMPSN: 220 OHM, 5% , 0.25W
RES. , FXD , CMPSN: 910 OHM, 5%, 0.25W
RES , FXD, CMPSN: 1.3K OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 820 OHM, 5%, 0.25W
RES. , FXD, CMPSN: 51 OHM, 5%, 0.25W
RES. , FXD,CMPSN: 390 OHM, 5 %,0.25W

RES. ,FXD, CMPSN: 390 OHM, 5%, 0.25W
RES.,FXD, CMPSN: 3.3K OHM, 5%,0.25W
RES. , FXD, CMPSN: 360 OHM, 5 % , 0.25W
RES. ,FXD, CMPSN: 620 OHM, 5%, 0.25W
RES. , FXD , CMPSN: 1K OHM, 5%,0.25W
RES. , FXD, CMPSN: 430 OHM , 5%, 0.25W

RES.,FXD, CMPSN: 2.4K OHM, 5 % ,,0.25W
RES.., FXD, CMPSN: 1K OHM , 5 % , 0.25W
RES. , FXD , CMPSN: 10K OHM , 5 % ,0.25W
RES. , FXD, CMPSN: 910 OHM, 5 % , 0.25W
RES., FXD , CMPSN: 910 OHM, 5% ,0.25W
RES. , FXD , CMPSN: 1K OHM, 5%, 0.25W

RES. , FXD, CMPSN: 100K OHM , 5 % , 0.25W
RES. , FXD, CMPSN: IK OHM , 5%, 0.25W
RES. ,VAR, NONWIR: 1K OHM, 20 % ,0.50W
RES., FXD , FILM: 1.78KOHM, 1% ,0.125W
RES. , FXD, FILM: 15.4K OHM , 1% , 0.125W
RES. , FXD, CMPSN: 4.7K OHM,5%, 0.25W

RES. , FXD, CMPSN: 100 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 100 OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 1K OHM, 5% ,0.25W
RES. , FXD , CMPSN: 10K OHM, 5 % , 0.25W
RES.,FXD, CMPSN: 100K OHM, 5 %, 0.25W
RES. ,VAR, NONWIR: 25K OHM, 20 % , 0.50W

RES. , FXD, FILM: 8.06K OHM, 1% , 0.125W
RES. ,FXD, FILM : 10K OHM , 1% , 0.125W
RES. , FXD, FILM: 10K OHM, 1% , 0.125W
RES. , FXD , CMPSN: 470 OHM, 5 % ,0.25W
RES. , FXD , CMPSN: 200 OHM, 5%,0.25W
RES. , FXD , CMPSN: 330 OHM , 5 % , 0.25W

RES. , FXD , CMPSN: 200 OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 11KOHM, 5% ,0.25W
RES.,FXD, CMPSN: 100K OHM, 5%, 0.25W
RES. , FXD, CMPSN: 100K OHM, 5 % , 0.25W
RES. , FXD , CMPSN: 100K OHM , 5% ,0.25W
RES , FXD, CMPSN: 100K OHM , 5 % , 0.25W

RES. , FXD, CMPSN: 100K OHM , 5% , 0.25W
RES. , FXD, CMPSN: 200 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 1.2K OHM , 5 % , 0.25W
RES. , FXD, CMPSN: 100K OHM, 5 %,0.25W
RES. , FXD , FILM: 7.96K OHM , 1% , 0.125W
RES , FXD, FILM: 806 OHM , 1%,0.125W

RES. , FXD, FILM: 768 OHM , 1%, 0.125W
RES. ,FXD, FILM: 6.81K OHM, 1% , 0.125W
RES.,FXD,FILM: 3.83K OHM , 1% , (0.125W

Mfr
Code Mfr Part Number
01121 CB2215
91637 MFF1816G15000F
01121 CB1805
01121 CB4315
01121 CB5105
01121 CB1805

01121 CB2215
01121 CB9115
01121 CB1325
01121 CB8215
01121 CB5105
01121 CB3915

01121 CB3915
01121 CB3325
01121 CB3615

CB621501121
01121 CB1025
01121 CB4315

01121 CB2425
01121 CB1025
01121 CB1035
01121 CB9115
01121 CB9115
01121 CB1025

01121 CB1045
01121 CB1025
32997 3386F - T04-102
91637 MFF1816G17800F
91637 MFF1816G15401F
01121 CB4725

01121 CB1015
01121 CB1015
01121 CB1025
01121 CB1035
01121 CB1045
32997 3386F - T04-253

91637 MFF1816G80600F
91637 MFF1816G10001F
91637 MFF1816G10001F
01121 CB4715
01121 CB2015
01121 CB3315

01121 CB2015
01121 CB1135
01121 CB1045
01121 CB1045
01121 CB1045
01121 CB1045

01121 CB1045
01121 CB2015
01121 CB1225
01121 CB1045
24546 NA55D7961F
91637 MFF1816G806R0F

91637 MFF1816G768ROF
91637 MFF1816G68100F
91637 MFF1816G38300F
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Replaceable Electrical Parts - FG5010

Component No.

A70R1713
A70R1714
A70R1716
A70R1718
A70R1725
A70R1726

A70R1727
A70R1728
A70R1730
A70R1731
A70R1732
A70R1734

A70R1735
A70R1736
A70R1737
A70R1738
A70R1739
A70R1740

A70R1741
A70R1802
A70R1808
A70R1810
A70R1811
A70R1812

A70R1813
A70R1814
A70R1815
A70R1816
A70R1817
A70R1818

A70R1819
A70R1820
A70R1821
A70R1822
A70R1823
A70R1824

A70R1825
A70R1826
A70R1827
A70R1828
A70R1829
A70R1830

A70R1831
A70R1832
A70R1833
A70R1834
A70R1835
A70R1836

A70R1840
A70R1842
A70U1100
A70U1102
A70U1110
A70U1112

A70U1120
A70U1122
A70U1130
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Tektronix Serial / Model No.
Part No. Eff Dscont

321-0182-00
321-0236-00
321-0168-00
321-0282-00
315-0131-00
315-0131-00

315-0201-00
315-0131-00
315-0201-00
315-0511-00
315-0511-00
315-0511-00

315-0511-00
315-0201-00
315-0511-00
315-0511-00
315-0511-00
315-0241-00

315-0151-00
321-0247-00
321-0227-00
315-0182-00
315-0821-00
315-0472-00

315-0363-00
321-0281-00
321-0373-00
321-0385-00
321-0243-00
321-0385-00

321-0258-00
315-0472-00
321-0344-00
315-0104-00
315-0201-00
315-0104-00

321-0253-00
321-0128-00
321-0344-00
317-0750-00
317-0750-00
321-0204-00

321-0248-00
315-0131-00
317-0750-00
317-0750-00
315-0511-00
315-0101-00

315-0511-00
315-0511-00
156-0412-02
156-0412-02
156-0422-02
156-0796-01

156-0422-02
156-0796-01
156-0422-02

Name & Description

RES. , FXD, FILM: 768 OHM , 1% , 0.125W
RES. , FXD, FILM: 2.8K OHM , 1% , 0.125W
RES. , FXD , FILM: 549 OHM, 1% , 0.125W
RES. , FXD, FILM: 8.45K OHM, 1%, 0.125W
RES. , FXD, CMPSN: 130 OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 130 OHM, 5 % , 0.25W

RES. , FXD, CMPSN: 200
RES, , FXD , CMPSN: 130
RES. , FXD , CMPSN: 200
RES. , FXD , CMPSN: 510
RES. , FXD , CMPSN: 510
RES. , FXD, CMPSN: 510

RES. , FXD, CMPSN: 510
RES. , FXD, CMPSN: 200
RES. , FXD, CMPSN: 510
RES. , FXD , CMPSN: 510
RES. , FXD, CMPSN: 510
RES , FXD, CMPSN: 240

OHM , 5 % , 0.25W
OHM , 5 % , 0.25W
OHM , 5 %,0.25W
OHM, 5% , 0.25W
OHM , 5 % ,0.25W
OHM , 5 %, 0.25W

OHM, 5 % , 0.25W
OHM, 5 % ,0.25W
OHM , 5 %, 0.25W
OHM , 5 %,0.25W
OHM , 5 % , 0.25W
OHM , 5 %, 0.25W

RES. , FXD, CMPSN: 150 OHM , 5 %, 0.25W
RES. , FXD, FILM: 3.65K OHM , 1% , 0.125W
RES. , FXD, FILM : 2.26K OHM, 1% , 0.125W
RES. , FXD , CMPSN: 1.8K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 820 OHM , 5% ,0.25W
RES. , FXD, CMPSN: 4.7K OHM , 5 % , 0.25W

RES. , FXD , CMPSN: 36K OHM, 5 %,0.25W
RES. , FXD, FILM: 8.25K OHM , 1% , 0.125W
RES. , FXD, FILM: 75K OHM , 1% , 0.125W
RES. , FXD, FILM: 100K OHM , 1% , 0.125W
RES. , FXD, FILM: 3.32K OHM , 1% ,0.125W
RES. , FXD, FILM: 100K OHM , 1% , 0.125W

RES. , FXD, FILM: 4.75K OHM , 1% , 0.125W
RES. , FXD, CMPSN: 4.7K OHM , 5 % , 0.25W
RES. , FXD, FILM: 37.4K OHM , 1% , 0.125W
RES. , FXD, CMPSN: 100K OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 200 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 100K OHM , 5 % , 0.25W

RES. , FXD, FILM: 4.22K OHM, 1% , 0.125W
RES. , FXD, FILM: 210 OHM, 1%, 0.125W
RES. , FXD, FILM: 37.4K OHM , 1% , 0.125W
RES. , FXD , CMPSN: 75 OHM, 5% ,0.125W
RES. , FXD, CMPSN: 75 OHM, 5 %,0.125W
RES. , FXD, FILM: 1.3K OHM, 1%, 0.125W

RES. , FXD , FILM: 3.74K OHM, 1% ,0.125W
RES. , FXD, CMPSN: 130 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 75 OHM , 5 % , 0.125W
RES. , FXD, CMPSN: 75 OHM, 5%,0.125W
RES. , FXD, CMPSN: 510 OHM , 5 %, 0.25W
RES. , FXD , CMPSN: 100 OHM, 5 %,0.25W

RES. , FXD, CMPSN: 510 OHM, 5 % , 0.25W
RES. , FXD, CMPSN: 510 OHM , 5 %, 0.25W
MICROCIRCUIT, DI : SYN 4 BIT UP/ DOWN CNTR
MICROCIRCUIT, DI : SYN 4 BIT UP/ DOWN CNTR
MICROCIRCUIT, DI : UP/ DOWN SYN BINARY CNTR
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR

MICROCIRCUIT, DI : UP/ DOWN SYN BINARY CNTR
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : UP/ DOWN SYN BINARY CNTR

Mfr
Code Mfr Part Number

91637 MFF1816G768ROF
91637 MFF1816G28000F
91637 MFF1816G549ROF
91637 MFF1816G84500F
01121 CB1315
01121 CB1315

01121 CB2015
01121 CB1315
01121 CB2015
01121 CB5115
01121 CB5115
01121 CB5115

01121 CB5115
01121 CB2015
01121 CB5115
01121 CB5115
01121 CB5115
01121 CB2415

01121 CB1515
91637 MFF1816G36500F
91637 MFF1816G22600F
01121 CB1825
01121 CB8215
01121 CB4725

01121 CB3635
91637 MFF1816G82500F
91637 MFF1816G75001F
91637 MFF1816G10002F
91637 MFF1816G33200F
91637 MFF1816G10002F

91637 MFF1816G47500F
01121
91637 MFF1816G37401F
01121 CB1045
01121 CB2015
01121 CB1045

CB4725

91637 MFF1816G42200F
91637 MFF1816G210ROF
91637 MFF1816G37401F
01121 BB7505
01121 BB7505
91637 MFF1816G13000F

91637 MFF1816G37400F
01121 CB1315
01121 BB7505
01121 BB7505
01121 CB5115
01121 CB1015

CB511501121
01121 CB5115
01295 SN74LS193N3
01295 SN74LS193N3
01295 SN74LS191
80009 156-0796-01

01295 SN74LS191
80009 156-0796-01
01295 SN74LS191
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Component No.

A7001132
A70U1200
A70U1202
A70U1210
A70U1212
A70U1220

A70U1222
A70U1230
A70U1232
A70U1300
A70U1302
A70U1310

A70U1312
A70U1320
A7001322
A70U1330
A70U1332
A7001340

A70U1400
A70U1402
A70U1410
A70U1412
A70U1420
A7001422

A7001430
A7001432
A70U1440
A7001500
A7001502
A7001510

A70U1512
A7001520
A70U1530
A70U1620
A70U1630
A70U1710

A70U1720
A70U1730
A70U1732
A70U1820
A70VR1023
A70VR1024

A70VR1025
A70VR1610

REVJUN 1982

Tektronix
Part No.

156-0422-02
156-0412-02
156-0733-02
156-0480-02
156-0645-02
156-0387-01

156-0383-02
156-0478-02
156-0656-02
156-0383-02
156-0465-02
156-0494-02

156-0718-03
156-1172-01
156-0545-01
156-0576-02
156-0576-02
156-0990-01

156-0719-01
156-0388-03
156-0422-02
156-0422-02
156-0796-01
156-0796-01

156-0576-02
156-0784-02
156-1335-00
156-0422-02
156-0158-03
156-0796-01

156-0067-02
156-0796-01
156-0784-02
156-0796-01
156-1335-00
156-0514-00

156-0182-02
156-0230-02
156-0230-02
156-1284-00
152-0195-00
152-0195-00

152-0760-00
152-0411-00

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts- FG5010

Name & Description

MICROCIRCUIT, DI : UP/ DOWN SYN BINARY CNTR
MICROCIRCUIT, DI : SYN 4 BIT UP/ DOWN CNTR
MICROCIRCUIT, DI : DUAL MONOSTABLEMV, SCRN
MICROCIRCUIT, DI : QUAD 2 INP & GATE
MICROCIRCUIT, DI : HEX INV ST NAND GATES, SCRN
MICROCIRCUIT, DI : DUAL J- K FLIP- FLOP,CHK

MICROCIRCUIT, DI : QUAD 2 - INP NOR GATE
MICROCIRCUIT, DI : DUAL 4 INP & GATE,BURN- IN
MICROCIRCUIT, DI : DECADE COUNTER, BURN- IN
MICROCIRCUIT, DI : QUAD 2- INP NOR GATE
MICROCIRCUIT, DI : 8 INP NAND GATE
MICROCIRCUIT, DI : HEX INV/ BUFF, SELECTED

MICROCIRCUIT, LI : 10 BIT MULTIPLYINGD/ A
MICROCIRCUIT, DI : DUAL D FLIP-FLOP
MICROCIRCUIT, DI : UP/ DOWN SYN BINARY CNTR
MICROCIRCUIT, DI : UP/ DOWN SYN BINARY CNTR
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR

MICROCIRCUIT, DI : 8 -BIT PRL INP/ SER OUT, SEL
MICROCIRCUIT, DI : SYNC 4 BIT BINARY COUNTER
MICROCIRCUIT, DI : DUAL RETRIGRESET MONO MV
MICROCIRCUIT, DI : UP/ DOWN SYN BINARY CNTR
MICROCIRCUIT, LI : DUAL OPNL AMPL, CHK
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR

MICROCIRCUIT, LI : OPNL AMPLIFIER, SELECTED
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : SYNC 4 BIT BINARY COUNTER
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : DUAL RETRIGRESET MONO MV
MICROCIRCUIT, DI : DIFF 4 -CHAN MUX

MICROCIRCUIT, DI : TRIPLE 3 - INP NOR GATE
MICROCIRCUIT, DI : DUAL 4 BIT CNTR, BURN IN
MICROCIRCUIT, DI : 12 BIT BINARY CNTR, SCRN
MICROCIRCUIT, DI : 8 - BIT PRL INP/ SER OUT, SEL
MICROCIRCUIT, DI : 8 - BIT PRL INP/ SER OUT, SEL
MICROCIRCUIT, DI : QUADR Z - INPUT EXCL OR GATES 80009

MICROCIRCUIT, DI : TRIPLE 2-3-2 INPUT GATE
MICROCIRCUIT, DI : DUAL D-TYPE M / S , FF, S,SCRN
MICROCIRCUIT, DI : DUAL D-TYPE M/ S , FF,SCRN
MICROCIRCUIT, LI : DUAL OPER AMPL/ COMP
SEMICOND DEVICE: ZENER, 0.4W , 5.1V, 5%
SEMICOND DEVICE: ZENER, 0.4W,5.1V, 5 %

Mfr
Code Mfr Part Number

SEMICOND DEVICE: ZEN, SI , 6.2V, 2 %, 400MW
SEMICOND DEVICE: ZENER, 0.25W, 9V , 5 %

01295 SN74LS191
01295 SN74LS193N3
04713 SN74LS221N/ J
01295
01295

SN74LS08NP3
SN74LS14NP3

80009 156-0387-01

01295 SN74LS02
01295 SN74LS21NP3
01295 SN74LS90
01295 SN74LS02
01295 SN74LS30NP3
80009 156-0494-02

01295 SN74LS27
01295 SN74LS393
04713 MC14040BCLD
04713 MC14021BCLD
04713 MC14021BCLD

156-0990-01

27014 DAC1020LCD/ A+
07263 74LS74A
01295 SN74LS191
01295 SN74LS191
80009 156-0796-01
80009 156-0796-01

04713 MC14021BCLD
27014 DM74LS163ANA+
07263 96LS02
01295 SN74LS191
80009 156-0158-03
80009 156-0796-01

80009 156-0067-02
80009 156-0796-01
27014 DM74LS163ANA+
80009 156-0796-01
07263 96LS02
80009 156-0514-00

80009 156-0182-02
80009 156-0230-02
80009 156-0230-02
04713 MC3405P
04713 SZ11755
04713 SZ11755

04713 SZ630205
04713 SZ12483KRL
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Replaceable Electrical Parts- FG5010

Component No.

A80
A80C1000
A80C1010
A80C1018
A80C1040
A80C1100

A80C1110
A80C1111
A80C1200
A80C1201
A80C1210
A80C1211

A80C1212
A80C1213
A80C1214
A80C1215
A80C1216
A80C1217

A80C1220
A80C1221
A80C1222
A80C1230
A80C1300
A80C1310

A80C1311
A80C1320
A80C1330
A80C1410
A80C1420
A80C1421

A80C1422
A80C1430
A80C1431
A80C1432
A80C1433
A80C1500

A80C1501
A80C1510
A80C1520
A80C1521
A80C1522
A80C1523

A80C1524
A80C1525
A80C1530
A80C1610
A80C1620
A80CR1030

A80CR1031
A80CR1032
A80CR1033
A80CR1100
A80CR1120
A80CR1121

A80CR1122
A80CR1123
A80CR1130

9-32

Tektronix Serial / Model No.
Part No. Eff Dscont

670-6911-00
290-0746-00
290-0746-00
281-0813-00
281-0785-00
290-0746-00

290-0746-00
281-0775-00
281-0773-00
281-0773-00
281-0775-00
281-0865-00

281-0865-00
290-0746-00
281-0775-00
281-0773-00
290-0746-00
290-0746-00

290-0846-00
290-0846-00
281-0823-00
281-0823-00
281-0775-00
281-0775-00

281-0865-00
281-0773-00
281-0810-00
281-0759-00
281-0773-00
290-0759-00

281-0773-00
290-0745-00
290-0745-00
281-0775-00
281-0775-00
281-0775-00

281-0759-00
281-0775-00
290-0759-00
281-0819-00
281-0819-00
281-0775-00

281-0775-00
281-0775-00
290-0817-00
281-0775-00
290-0817-00
152-0322-00

152-0322-00
152-0322-00
152-0322-00
152-0322-00
152-0322-01
152-0322-01

152-0322-01
152-0322-01
152-0322-01

B010100 B010249X

Name & Description

CKT BOARD ASSY: SINE SHAPER
CAP. , FXD , ELCTLT: 47UF, + 50-10% , 16V
CAP. , FXD, ELCTLT: 47UF, + 50-10% , 16V
CAP. , FXD CER DI : 0.047UF, 20 % , 50V
CAP.. , FXD, CER DI : 68PF , 10%, 100V
CAP. , FXD, ELCTLT: 47UF, +50-10%, 16V

CAP. , FXD , ELCTLT: 47UF, + 50-10%, 16V
CAP. , FXD , CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V

DI : 0.1UF, 20 % , 50VCAP., FXD, CER
CAP. , FXD , CER DI : 1000PF, 5 % , 100V

CAP. , FXD, CER DI : 1000PF, 5%, 100V
CAP. , FXD, ELCTLT: 47UF, + 50-10%, 16V
CAP. , FXD, CER DI : 0.1UF,20 % , 50V
CAP., FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD, ELCTLT: 47UF, +50-10%, 16V
CAP. , FXD, ELCTLT: 47UF, +50-10%, 16V

CAP. , FXD, ELCTLT: 47UF, -10+ 75 %, 35 WVDC
CAP. , FXD, ELCTLT: 47UF, -10+75% , 35 WVDC
CAP. , FXD, CER DI : 470PF, 10% , 50V
CAP. , FXD, CER DI : 470PF, 10%, 50V
CAP. , FXD , CER DI : 0.1UF, 20 %,50V
CAP. , FXD, CER DI : 0.1UF,20 % , 50V

CAP. , FXD , CER DI : 1000PF,5%, 100V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD, CER DI : 5.6PF,0.5% , 100V
CAP. , FXD , CER DI : 22PF, 10% , 100V
CAP. , FXD, CER DI : 0.01UF, 10% , 100V
CAP. , FXD, ELCTLT: 290UF , + 75-10%, 15V

CAP. , FXD , CER DI : 0.01UF, 10% , 100V
CAP. , FXD, ELCTLT: 22UF , +50-10%, 25V
CAP. , FXD, ELCTLT: 22UF , +50-10%, 25V
CAP. , FXD, CER DI : 0.1UF,20 % ,50V
CAP. , FXD , CER DI : 0.1UF, 20 %, 50V
CAP. , FXD, CER DI : 0.1UF, 20 %,50V

CAP. , FXD, CER DI : 22PF , 10% , 100V
CAP. , FXD , CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, ELCTLT: 290UF , + 75-10%, 15V
CAP. , FXD, CER DI : 33PF, 5% , 50V
CAP. , FXD, CER DI : 33PF , 5%, 50V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V

CAP. , FXD , CER DI : 0.1UF, 20 %, 50V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, ELCTLT: 100UF, +50-10% , 63V
CAP. , FXD, CER DI : 0.1UF, 20 % , 50V
CAP. , FXD, ELCTLT: 100UF, +50-10%, 63V
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER

SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SILICON, 15V, HOT CARRIER
SEMICOND DEVICE: SET OF 16, MATCHED FOR VF
SEMICOND DEVICE: SET OF 16 , MATCHED FOR VF

SEMICOND DEVICE: SET OF
SEMICOND DEVICE: SET OF
SEMICOND DEVICE: SET OF

16, MATCHED FOR VF
16, MATCHED FOR VF
16 , MATCHED FOR VF

Mfr
Code Mfr Part Number

80009 670-6911-00
55680
55680
04222
72982
55680

16U-47V- T
16U-47V-T
GC705-E-473M
8035D2AADC0G680K

04222
72982
20932

16U-47V- T

55680
72982 8005D9AABZ5U104M
04222

16U- 47V-T

GC70-1C103K
GC70-1C103K
8005D9AABZ5U104M
402E0100AD102J

402E0100AD102J
16U-47V- T

20932
55680
72982
04222

16U- 47V- T55680
55680 16U-47V- T

8005D9AABZ5U104M
GC70-1C103K

ECE- A35V47LU54473
54473 ECE- A35V47LU

CGB471KDN12969
12969 CGB471KDN
72982
72982

8005D9AABZ5U104M
8005D9AABZ5U104M

20932 402E0100AD102J
04222 GC70-1C103K
04222 GC10-1A5R6D
72982 8035D9AADC1G220K
04222 GC70-1C103K
90201 TTX291U01501A3

04222 GC70-1C103K
56289 502D225
56289 502D225
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M

8035D9AADC1G220K
8005D9AABZ5U104M

72982
72982
90201 TTX291U015C1A3
72982 8035BC0G330
72982 8035BC0G330
72982 8005D9AABZ5U104M

72982 8005D9AABZ5U104M
72982 8005D9AABZ5U104M

NCA63ELB100-T55680
8005D9AABZ5U104M72982

55680 NCA63ELB100- T
50434 5082-2672

50434 5082-2672
50434 5082-2672
50434 5082-2672
50434 5082-2672

A2X600A21847
21847 A2X600A

A2X600A21847
21847 A2X600A
21847 A2X600A
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Component No.
A80CR1131
A80CR1132
A80CR1133
A80CR1134
A80CR1135
A80CR1140

A80CR1141
A80CR1142
A80CR1143
A80CR1144
A80CR1145
A80CR1320

A80CR1321
A80CR1431
A80F1610
A80F1630
A80J1015
A80J1200

A80J1201
A80J1600
A80J1601
A80J1602
A80J1603
A80J1611

A80J1612
A80K1020
A80K1110
A80K1120
A80L1100
A80L1101

A80L1110
A80L1111
A80L1112
A80L1113
A80L1210
A80L1211

A80L1220
A80L1221
A80L1340
A80L1341
A80L1620
A80L1640

A80P1850
A80P1860
A8001100
A8001101
A80Q1102
A8001110

A80Q1200
A80Q1201
A80Q1210
A80Q1211
A80Q1212
A80Q1213

A80Q1214
A80Q1215
A80Q1216

REVMAR 1982

Tektronix
Part No.

152-0322-01
152-0322-01
152-0322-01
152-0322-01
152-0322-01
152-0322-01

152-0322-01
152-0322-01
152-0322-01
152-0322-01
152-0322-01
152-0141-02

152-0141-02
152-0141-02
159-0124-00
159-0124-00
131-1003-00
131-1003-00

131-1003-00
131-1003-00
131-1003-00
131-1003-00
131-1857-00
131-1003-00

131-1003-00
148-0128-00
148-0128-00
148-0128-00
108-0333-00
108-0317-00

108-0317-00
108-0317-00
108-0317-00
108-0333-00
108-0520-00
108-0333-00

108-0317-00
108-0317-00
108-0520-00
108-0520-00
108-0103-00
108-0103-00

131-0265-00
131-0265-00
151-0367-00
151-0712-00
151-0712-00
151-0190-00

151-0220-00
151-0220-00
151-0367-00
151-0712-00
151-0712-00
151-0367-00

151-0712-00
151-0712-00
151-0188-00

Serial / Model No.
Eff Dscont Name & Description

SEMICOND DEVICE: SET OF 16 , MATCHED FOR VF
SEMICOND DEVICE: SET OF 16, MATCHED FOR VF
SEMICOND DEVICE: SET OF 16 , MATCHED FOR VF
SEMICOND DEVICE: SET OF 16 , MATCHED FOR VF
SEMICOND DEVICE: SET OF 16 , MATCHED FOR VF
SEMICOND DEVICE: SET OF 16, MATCHED FOR VF

Replaceable Electrical Parts- FG5010

SEMICOND DEVICE: SET OF 16 , MATCHED FOR VF
SEMICOND DEVICE: SET OF 16 , MATCHED FOR VF
SEMICOND DEVICE: SET OF 16, MATCHED FOR VF
SEMICOND DEVICE: SET OF 16 , MATCHED FOR VF
SEMICOND DEVICE: SET OF 16, MATCHED FOR VF
SEMICOND DEVICE: SILICON, 30V , 1, 150MA

SEMICOND DEVICE: SILICON, 30V , 150MA
SEMICOND DEVICE: SILICON, 30V , 150MA
FUSE,WIRE LEAD: 3A , 125V
FUSE, WIRE LEAD: 3A , 125V
CONN, RCPT, ELEC: CKT BD MT , 3 PRONG
CONN, RCPT, ELEC: CKT BD MT , 3 PRONG

CONN, RCPT, ELEC: CKT BD MT , 3 PRONG
CONN, RCPT, ELEC: CKT BD MT , 3 PRONG
CONN, RCPT, ELEC: CKT BD MT , 3 PRONG
CONN, RCPT, ELEC: CKT BD MT , 3 PRONG
TERM. SET, PIN: 36 / 0.025 SQ PIN , ON 0.1 CTRS
CONN, RCPT, ELEC: CKT BD MT , 3 PRONG

CONN, RCPT, ELEC: CKT BD MT , 3 PRONG
RELAY, ARMATURE: 8V , 0.25A AT 28V
RELAY,ARMATURE: 8V , 0.25A AT 28V
RELAY,ARMATURE: 8V , 0.25A AT 28V
COIL, RF: 0.9UH
COIL, RF: FIXED, 15UH

COIL, RF: FIXED, 15UH
COLL, RF: FIXED, 15UH
COIL, RF: FIXED, 15UH
COIL, RF : 0.9UH
COIL, RF: 2.2UH ( WOUND ON A 10 OHM RES)
COIL,RF:0.9UH

COIL, RF: FIXED, 15UH
COIL, RF: FIXED, 15UH
COIL, RF: 2.2UH ( WOUND ON A 10 OHM RES)
COIL, RF: 2.2UH ( WOUND ON A 10 OHM RES)
COIL, RF: FIXED, 2.45UH
COIL, RF: FIXED, 2.45UH

CONNECTOR, RCPT, : RIGHT ANGLE MOUNT
CONNECTOR, RCPT, : RIGHT ANGLE MOUNT
TRANSISTOR: SILICON, NPN , SEL FROM 3571TP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON,NPN
TRANSISTOR: SILICON, NPN

TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN, SEL FROM 3571TP
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN, SEL FROM 3571TP

TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, NPN
TRANSISTOR: SILICON, PNP

Mfr
Code Mfr Part Number
21847 A2X600A
21847 A2X600A
21847 A2X600A
21847 A2X600A
21847 A2X600A
21847 A2X600A

21847 A2X600A
21847 A2X600A
21847 A2X600A
21847 A2X600A
21847 A2X600A
01295 1N4152R

1N4152R
1N4152R

01295
01295
75915
75915
80009 131-1003-00
80009 131-1003-00

272003
272003

80009 131-1003-00
80009 131-1003-00
80009 131-1003-00
80009 131-1003-00
22526 65500136
80009 131-1003-00

80009 131-1003-00
80009 148-0128-00
80009 148-0128-00
80009 148-0128-00
80009 108-0333-00
32159 71501M

32159 71501M
32159 71501M
32159 71501M
80009 108-0333-00
80009 108-0520-00
80009 108-0333-00

32159 71501M
32159 71501M
80009 108-0520-00
80009 108-0520-00
80009 108-0103-00
80009 108-0103-00

98291 51-053-0000
98291 51-053-0000
01295 SKA6516
04713 SPS8223
04713 SPS8223
07263 S032677

07263 S036228
07263 S036228
01295 SKA6516
04713 SPS8223
04713 SPS8223
01295 SKA6516

04713 SPS8223
04713 SPS8223
04713 SPS6868K
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Replaceable Electrical Parts- FG5010

Component No.

A8001230
A80Q1320
A80Q1321
A80Q1330
A80Q1340
A80Q1430

A80Q1530
A80Q1610
A80Q1611
A80Q1630
A80R1000
A80R1001

A80R1002
A80R1003
A80R1004
A80R1018
A80R1020
A80R1021

A80R1022
A80R1030
A80R1031
A80R1032
A80R1033
A80R1040

A80R1041
A80R1100
A80R1101
A80R1102
A80R1103
A80R1104

A80R1105
A80R1106
A80R1107
A80R1108
A80R1109
A80R1110

A80R1111
A80R1112
A80R1113
A80R1114
A80R1115
A80R1116

A80R1117
A80R1120
A80R1122
A80R1123
A80R1130
A80R1131

A80R1132
A80R1133
A80R1140
A80R1141
A80R1200
A80R1201

A80R1202
A80R1203
A80R1204
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Tektronix Serial / Model No.
Part No. Eff Dscont

156-1294-00
151-0220-00
151-0190-00
156-1294-00
151-0467-00
151-0190-00

151-0190-00
151-0134-00
151-0188-00
151-0103-00
315-0103-00
315-0104-00

321-0121-00
315-0103-00
315-0103-00
307-0105-00
321-0133-00
321-0133-00

311-1222-00
321-0107-00
321-0133-00
315-0100-00
311-1235-00
315-0241-00

315-0223-00
321-0061-00
321-0025-00
321-0025-00
315-0121-00
315-0104-00

315-0104-00
315-0151-00
315-0241-00
315-0121-00
315-0750-00
321-0141-00

321-0141-00
322-0203-00
321-0141-00
321-0141-00
321-0133-00
321-0018-00

321-0018-00
321-1283-03
315-0750-00
321-1283-03
321-0298-00
321-0299-00

321-0298-00
321-0299-00
321-0346-00
321-0346-00
323-0145-00
323-0145-00

321-0013-00
315-0820-00
315-0131-00

Name & Description

MICROCIRCUIT, LI : FIVE NPN TRANSISTORARRAY
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
MICROCIRCUIT, LI : FIVE NPN TRANSISTORARRAY
TRANSISTOR: SILICON, PNP, DUAL
TRANSISTOR: SILICON, NPN

NPNTRANSISTOR: SILICON,
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR: SILICON, NPN
RES. , FXD, CMPSN: 10K OHM , 5 % ,0.25W
RES. , FXD, CMPSN: 100K OHM, 5 %, 0.25W

RES. , FXD, FILM: 178 OHM, 1% , 0.125W
RES. , FXD, CMPSN: 10K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 10K OHM , 5 % ,0.25W
RES. , FXD, CMPSN: 3.9 OHM , 5 %, (,0.25W
RES. , FXD , FILM: 237 OHM , 1%, 0.125W
RES. , FXD, FILM: 237 OHM, 1% ,0.125W

RES. , VAR, NONWIR: 100 OHM , 20 %, 0.50W
RES. , FXD, FILM: 127 OHM, 1% , 0.125W
RES. , FXD , FILM: 237 OHM, 1%,0.125W
RES. , FXD, CMPSN: 10 OHM, 5 %, 0.25W
RES ,VAR, NONWIR: 100K OHM , 20 % , 0.50W
RES. , FXD, CMPSN: 240 OHM, 5 % , 0.25W

RES. , FXD, CMPSN: 22K
RES. , FXD , FILM: 42.2
RES. , FXD , FILM: 17.8
RES. , FXD, FILM: 17.8
RES. , FXD, CMPSN: 120
RES. , FXD, CMPSN: 100K

OHM, 5 %, 0.25W
OHM, 1% , 0.125W
OHM , 1%,0.125W
OHM , 1% , 0.125W
OHM, 5 %, 0.25W

OHM, 5 % , 0.25W

RES. , FXD, CMPSN: 100K OHM , 5%,0.25W
RES. , FXD, CMPSN: 150 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 240 OHM , 5 % ,0.25W
RES. , FXD, CMPSN: 120 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 75 OHM, 5 % ,0.25W
RES , FXD, FILM: 287 OHM , 1%, 0.125W

RES. , FXD, FILM: 287 OHM, 1%,0.125W
RES. , FXD, FILM: 1.27KOHM , 1% , 0.25W
RES. , FXD, FILM: 287 OHM, 1% ,0.125W
RES. , FXD, FILM: 287 OHM, 1% ,0.125W

0.125WRES. , FXD, FILM: 237 OHM, 1%,
RES. , FXD , FILM: 15 OHM, 1% , 0.125W

0.125WRES. , FXD, FILM: 15 OHM, 1%,
RES. , FXD, FILM: 8.76K OHM , 0.25 % , 0.125W
RES. , FXD, CMPSN: 75 OHM, 5 % , 0.25W
RES. , FXD, FILM: 8.76K OHM, 0.25 % , 0.125W
RES. , FXD, FILM: 12.4K OHM , 1% , 0.125W
RES. , FXD, FILM: 12.7KOHM , 1% , 0.125W

RES. , FXD, FILM: 12.4K OHM , 1% , 0.125W
RES. , FXD, FILM: 12.7KOHM , 1% , 0.125W
RES. , FXD, FILM: 39.2K OHM , 1% , 0.125W
RES. , FXD, FILM: 39.2K OHM , 1% , 0.125W
RES. , FXD, FILM: 316 OHM, 1% , 0.50W
RES. , FXD, FILM: 316 OHM, 1% , 0.50W

RES. , FXD , FILM : 13.3 OHM , 1% , 0.125W
RES. , FXD, CMPSN: 82 OHM, 5% , 0.25W
RES. , FXD, CMPSN: 130 OHM, 5 %, 0.25W

Mfr
Code Mfr Part Number

156-1294-0080009
07263 S036228
07263 S032677
80009 156-1294-00
04713 SD3174
07263 S032677

07263 S032677
80009 151-0134-00
04713 SPS6868K
80009 151-0103-00
01121 CB1035
01121 CB1045

91637 MFF1816G178ROF
01121 CB1035
01121 CB1035
01121 CB39G5
91637 MFF1816G237ROF
91637 MFF1816G237ROF

32997 3386F - T04-101
91637 MFF1816G127ROF
91637 MFF1816G237ROF
01121
32997 3386F - T04-104
01121 CB2415

CB1005

01121 CB2235
91637 MFF1816042R20F
91637 MFF1816G17R80F
91637 MFF1816G17R80F
01121 CB1215
01121 CB1045

01121 CB1045
01121 CB1515
01121 CB2415
01121 CB1215
01121 CB7505
91637 MFF1816G287ROF

91637 MFF1816G287ROF
16299 NA60
91637 MFF1816G287ROF
91637 MFF1816G287ROF
91637 MFF1816G237ROF
91637 MFF1816G15R00F

91637 MFF1816G15ROOF
91637 MFF1816D87600C
01121 CB7505
91637 MFF1816D87600C
91637 MFF1816G12401F
91637 MFF1816G12701F

91637 MFF1816G12401F
91637 MFF1816G12701F
91637 MFF1816G39201F
91637 MFF1816G39201F
91637 MFF1226G316ROF
91637 MFF1226G316ROF

91637 MFF1816G13R30F
01121 CB8205
01121 CB1315
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Component No.
A80R1205
A80R1206
A80R1210
A80R1211
A80R1212
A80R1213

A80R1214
A80R1215
A80R1216
A80R1217
A80R1218
A80R1219

A80R1220
A80R1221
A80R1222
A80R1223
A80R1224
A80R1225

A80R1226
A80R1227
A80R1228
A80R1229
A80R1230
A80R1231

A80R1232
A80R1233
A80R1234
A80R1235
A80R1236
A80R1237

A80R1238
A80R1239
A80R1240
A80R1241
A80R1242
A80R1243

A80R1244
A80R1245
A80R1246
A80R1247
A80R1248
A80R1249

A80R1300
A80R1310
A80R1311
A80R1312
A80R1313
A80R1314

A80R1315
A80R1316
A80R1317
A80R1318
A80R1319
A80R1320

A80R1321
A80R1322
A80R1323

REVMAR 1982

Tektronix
Part No.

315-0820-00
315-0131-00
315-0271-00
321-0167-00
321-0167-00
315-0271-00

321-0018-00
321-0018-00
315-0820-00
315-0820-00
322-0618-00
322-0618-00

321-0126-07
321-0107-00
321-0126-07
315-0621-00
322-0203-00
315-0750-00

321-0143-00
315-0392-00
321-0181-00
321-0928-07
321-0213-03
321-0213-03

321-0152-00
311-1225-00
321-0143-00
321-0818-07
321-0265-00
321-0265-00

321-0067-00
311-1224-00
321-0062-00
321-0001-00
321-0089-00
321-0202-00

321-0928-07
321-0818-07
321-0915-07
321-0174-00
315-0301-00
315-0681-00

308-0740-00
315-0161-00
315-0161-00
321-0133-00
321-0170-00
321-0170-00

315-0102-00
321-0356-00
321-0356-00
311-1224-00
315-0302-00
321-0356-00

315-0102-00
315-0471-00
321-0356-00

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts- FG5010

Name & Description

RES. , FXD , CMPSN: 82 OHM, 5% , 0.25W
RES. , FXD, CMPSN: 130 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 270 OHM, 5%, 0.25W
RES. , FXD, FILM: 536 OHM, 1%,0.125W
RES. , FXD, FILM: 536 OHM, 1% ,0.125W
RES , FXD, CMPSN: 270 OHM, 5% , 0.25W

RES. , FXD, FILM: 15 OHM , 1%,0.125W
RES. , FXD, FILM: 15 OHM , 1%,0.125W
RES. , FXD, CMPSN: 82 OHM , 5 %, 0.25W
RES. , FXD, CMPSN: 82 OHM, 5 %, 0.25W
RES. , FXD , FILM: 50 OHM , 1%, 0.25W
RES. , FXD, FILM: 50 OHM, 1%, 0.25W

RES. , FXD, FILM: 200 OHM, 0.1% , 0.125W
RES. , FXD, FILM: 127 OHM, 1%,0.125W
RES. , FXD, FILM: 200 OHM, 0.1%, 0.125W
RES. , FXD, CMPSN: 620 OHM, 5%,0.25W
RES. , FXD, FILM: 1.27KOHM, 1% , (,0.25W
RES. , FXD , CMPSN: 75 OHM, 5 %,0.25W

RES. , FXD , FILM: 301 OHM , 1% ,0.125W
RES. , FXD, CMPSN: 3.9K OHM , 5 %, 0.25W
RES. , FXD, FILM: 750 OHM, 1%,0.125W
RES. , FXD, FILM: 250 OHM , 0.1% , 0.125W
RES. , FXD, FILM: 1.62K OHM , 0.25 %, 0.125W
RES. , FXD , FILM: 1.62K OHM , 0.25% , 0.125W

RES. , FXD, FILM: 374 OHM, 1%, 0.125W
RES. , VAR, NONWIR: 1K OHM, 20 %, 0.50W
RES. , FXD, FILM: 301 OHM, 1%,0.125W
RES. , FXD , FILM: 373.3 OHM , 0.1% , 0.125W
RES. , FXD, FILM: 5.62K OHM , 1%, 0.125W
RES. , FXD, FILM: 5.62K OHM, 1% , 0.125W

RES.. , FXD , FILM: 48.7 OHM , 1%, 0.125W
RES. ,VAR, NONWIR: 500 OHM, 20 %,0.50W
RES. , FXD , FILM: 43.2 OHM, 1% ,0.125W
RES. , FXD, FILM: 10 OHM, 1% ,0.125W
RES. , FXD, FILM: 82.5 OHM, 1%, 0.125W
RES. , FXD , FILM: 1.24K OHM , 1%, 0.125W

RES.. , FXD , FILM: 250 OHM, 0.1%,0.125W
RES. , FXD, FILM: 373.3 OHM , 0.1% , 0.125W
RES. , FXD, FILM: 1.291KOHM , 0.1% , 0.125W
RES. , FXD, FILM: 634 OHM , 1%,0.125W
RES. , FXD , CMPSN: 300 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 680 OHM , 5 % , 0.25W

RES. , FXD,WW : 20 OHM, 1%, 3W
RES. , FXD, CMPSN: 160 OHM , 5%, 0.25W
RES.. , FXD , CMPSN: 160 OHM , 5%,(, 0.25W
RES. , FXD, FILM: 237 OHM , 1% , 0.125W
RES. , FXD, FILM: 576 OHM, 1%,0.125W
RES. , FXD , FILM: 576 OHM, 1%, 0.125W

RES. , FXD, CMPSN: 1K OHM, 5 %,0.25W
RES. , FXD, FILM: 49.9K OHM , 1% , 0.125W
RES. , FXD, FILM: 49.9K OHM , 1% , 0.125W
RES. ,VAR, NONWIR: 500 OHM , 20 % , 0.50W
RES. , FXD, CMPSN: 3K OHM, 5%, 0.25W
RES. , FXD , FILM: 49.9K OHM, 1% , 0.125W

RES. , FXD, CMPSN: 1K OHM, 5 %, 0.25W
RES.. , FXD, CMPSN: 470 OHM, 5 %,,0.25W
RES. , FXD, FILM: 49.9K OHM, 1%, 0.125W

Mfr
Code Mfr Part Number
01121 CB8205

CB2715
01121 CB1315
01121
91637 MFF1816G536ROF
91637 MFF1816G536ROF
01121 CB2715

91637 MFF1816G15R00F
91637 MFF1816G15R00F
01121 CB8205
01121 CB8205
75042 CEBTO- 50ROOF
75042 CEBTO- 50ROOF

91637 MFF1816C200ROB
91637 MFF1816G127ROF
91637 MFF1816C200ROB
01121 CB6215
16299 NA60
01121 CB7505

91637 MFF1816G301ROF
01121 CB3925
91637 MFF1816G750ROF
91637 MFF1816C250ROB
91637 MFF1816D16200C
91637 MFF1816D16200C

91637 MFF1816G374ROF
32997 3386F - T04-102
91637 MFF1816G301ROF
91637 MFF1816C373R3B
91637 MFF1816G56200F
91637 MFF1816G56200F

91637 MFF1816G48R70F
32997 3386F - T04-501
91637 CMF55-116G43R20F
75042 CEATO- 10ROOF
91637 MFF1816G82R50F
91637 MFF1816G12400F

91637 MFF1816C250ROB
91637 MFF1816C373R3B
24546 NE55E112910B
91637 MFF1816G634ROF
01121 CB3015
01121 CB6815

91637 RS2B- K20ROOF
01121 CB1615
01121 CB1615
91637 MFF1816G237ROF
91637 MFF1816G576ROF
91637 MFF1816G576ROF

01121 CB1025
91637 MFF1816G49901F
91637 MFF1816G49901F
32997 3386F -T04-501
01121 CB3025
91637 MFF1816G49901F

01121 CB1025
01121 CB4715
91637 MFF1816G49901F
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Replaceable Electrical Parts € FG5010

Component No.

A80R1324
A80R1325
A80R1326
A80R1327
A80R1328
A80R1330

A80R1331
A80R1332
A80R1340
A80R1341
A80R1400
A80R1420

A80R1421
A80R1422
A80R1423
A80R1424
A80R1425
A80R1426

A80R1427
A80R1430
A80R1431
A80R1432
A80R1440
A80R1441

A80R1442
A80R1500
A80R1501
A80R1501
A80R1510
A80R1520

A80R1521
A80R1530
A80R1531
A80R1532
A80R1533
A80R1534

A80R1535
A80R1536
A80R1537
A80R1540
A80R1610
A80R1611

A80R1612
A80R1613
A80R1614
A80RT1020
A80TP1420
A80TP1510

A80TP1600
A80TP1610
A8001010
A80U1110
A80U1200
A80U1300

A80U1310
A80U1400
A80U1401
A80U1410
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Tektronix Serial / Model No.
Part No. Eff Dscont

315-0220-00
315-0150-00
315-0330-00
315-0150-00
321-0771-03
321-0181-00

321-0771-03
315-0152-00
321-0915-07
321-0068-00
315-0391-00
321-0263-00

321-0263-00
311-1466-00
315-0392-00
315-0220-00
321-0254-00
321-0251-00

311-1224-00
315-0222-00
315-0472-00
321-0182-00
311-1224-00
321-0306-00

321-0306-00
315-0102-00
315-0392-00 B010100 B010249
315-0202-00 B010250
315-0392-00
308-0779-00

315-0472-00
315-0752-00
315-0330-00
301-0302-00
321-0193-00
321-0293-00

308-0779-00
315-0202-00
315-0103-00
308-0231-00
321-0313-00
321-0193-00

315-0103-00
315-0202-00
308-0231-00
307-0122-00
214-0579-00
214-0579-00

214-0579-00
214-0579-00
156-0796-01
156-1245-00
156-0860-02
156-0277-00

156-0853-02
156-0412-02
156-0796-01
156-0733-02

Name & Description

RES., FXD, CMPSN: 22 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 15 OHM, 5% , 0.25W
RES. , FXD, CMPSN: 33 OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 15 OHM, 5 %, 0.25W
RES. , FXD, FILM: 50 OHM , 0.25%, 0.125W
RES. , FXD, FILM: 750 OHM , 1% , 0.125W

RES.,FXD, FILM: 50 OHM , 0.25%,(,0.125W
RES. , FXD, CMPSN: 1.5K OHM, 5%, 0.25W
RES. , FXD, FILM: 1.291KOHM , 0.1% , 0.125W
RES. , FXD, FILM: 49.9 OHM, 1% , 0.125W
RES.,FXD, CMPSN: 390 OHM, 5 %, 0.25W
RES. , FXD, FILM: 5.36K OHM , 1% , 0.125W

RES. , FXD , FILM: 5.36K OHM , 1% , 0.125W
RES. ,VAR, NONWIR: 2K OHM, 20 %, (,0.50W
RES., FXD, CMPSN: 3.9K OHM, 5 % , 0.25W
RES., FXD, CMPSN: 22 OHM,5 %, 0.25W
RES., FXD, FILM: 4.32K OHM, 1% , 0.125W
RES. , FXD, FILM: 4.02K OHM, 1% , 0.125W

RES. ,VAR, NONWIR: 500 OHM , 20 % , 0.50W
RES., FXD, CMPSN: 2.2K OHM, 5 %, 0.25W
RES. , FXD, CMPSN: 4.7K OHM, 5 %, 0.25W
RES. , FXD , FILM: 768 OHM , 1% , 0.125W
RES. ,VAR, NONWIR: 500 OHM, 20 % , 0.50W
RES. , FXD , FILM: 15K OHM, 1%,0.125W

RES.,FXD, FILM: 15K OHM, 1%, 0.125W
RES. , FXD, CMPSN: 1K OHM , 5%, 0.25W
RES. , FXD, CMPSN: 3.9K OHM, 5% , 0.25W
RES. , FXD, CMPSN: 2K OHM, 5%, 0.25W
RES. , FXD , CMPSN: 3.9K OHM, 5%, 0.25W
RES., FXD,WW: 2 OHM , 1%, 3W

RES. , FXD, CMPSN: 4.7K OHM , 5 % , 0.25W
RES. ,FXD, CMPSN: 7.5K OHM, 5% , 0.25W
RES. , FXD , CMPSN: 33 OHM, 5 % ,0.25W
RES. , FXD, CMPSN: 3K OHM , 5 %, 0.50W
RES. , FXD, FILM: 1K OHM, 1%, 0.125W
RES., FXD, FILM: 11KOHM, 1% ,0.125W

RES. , FXD,WW : 2 OHM , 1%, 3W
RES. , FXD, CMPSN: 2K OHM, 5% , 0.25W
RES., FXD, CMPSN: 10K OHM, 5%, 0.25W
RES. , FXD,WW : 220 OHM, 5%, 3W
RES. , FXD, FILM: 17.8K OHM , 1%, 0.125W
RES. , FXD, FILM: 1K OHM, 1%, 0.125W

RES. , FXD, CMPSN: 10K OHM , 5%, 0.25W
RES. , FXD, CMPSN: 2K OHM, 5%,0.25W
RES., FXD,WW : 220 OHM , 5%, 3W
RES , THERMAL: 50 OHM , 10%
TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL

TERM, TEST POINT: BRS CD PL
TERM, TEST POINT: BRS CD PL
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, LI : 7 XSTR, HV/ HIGH CUR
MICROCIRCUIT, DI :TRIPLELINE RECEIVER, SCRN
MICROCIRCUIT, LI : VOLTAGEREGULATOR

Mfr
Code Mfr Part Number

01121 CB2205
01121 CB1505
01121 CB3305
01121 CB1505
91637 MFF1816D50ROOC
91637 MFF1816G750ROF

91637
01121 CB1525
24546 NE55E112910B
91637 MFF1816G49R90F
01121 CB3915
91637 MFF1816G53600F

MFF1816D50R00C

91637 MFF1816G53600F
73138 72-39-0

CB3925
CB2205

01121
01121
91637 MFF1816G43200F
91637 MFF1816G40200F

32997 3386F -T04-501
01121 CB2225
01121 CB4725
91637 MFF1816G768ROF
32997 3386F - T04-501
91637 MFF1816G15001F

91637 MFF1816G15001F
01121 CB1025
01121 CB3925
01121 CB2025
01121 CB3925
91637 NS2B792R0OOK

01121 CB4725
01121 CB7525
01121 CB3305
01121 EB3025
91637 MFF1816G10000F
91637 MFF1816G11001F

91637 NS2B792R000K
01121 CB2025
01121 CB1035
91637 RS2B-B220ROJ
91637 MFF1816G17801F
91637 MFF1816G10000F

01121 CB1035
01121 CB2025
91637 RS2B- B220ROJ
50157 3D1515
80009 214-0579-00
80009 214-0579-00

80009 214-0579-00
80009 214-0579-00
80009 156-0796-01
04713 MC1413PDS
80009 156-0860-02
07263 MICROA7805UC

MICROCIRCUIT, LI : DUAL OPNL AMPL, CHK 04713 LM358J
MICROCIRCUIT, DI : SYN 4 BIT UP/ DOWN CNTR 01295 SN74LS193N3
MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR 80009 156-0796-01
MICROCIRCUIT, DI : DUAL MONOSTABLEMV, SCRN 04713 SN74LS221N/ J
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Component No.

A80U1411
A80U1500
A80U1510
A80U1511
A8001520
A80U1521

A80U1600
A80U1610
A80VR1220
A80VR1221
A80VR1310
A80VR1340

A80VR1430
A80VR1431
A80VR1520
A80VR1521

REVJUN 1982

Tektronix
Part No.

156-0412-02
156-0412-02
156-0321-02
156-0331-03
156-0105-02
156-0105-02

156-0796-01
156-0412-02
152-0437-00
152-0437-00
152-0317-00
152-0055-00

152-0590-00
152-0486-00
152-0590-00
152-0195-00

Serial / Model No.
Eff Dscont

Replaceable Electrical Parts- FG5010

Name & Description

MICROCIRCUIT, DI : SYN 4 BIT UP/ DOWN CNTR
MICROCIRCUIT, DI : SYN 4 BIT UP/ DOWN CNTR
MICROCIRCUIT, DI : TRIPLE 3 INP NAND GATE
MICROCIRCUIT, DI : DUAL D TYPE POSITIVEEDGE
MICROCIRCUIT, LI : OPERATIONALAMPLIFIER, SEL
MICROCIRCUIT,LI : OPERATIONALAMPLIFIER, SEL

MICROCIRCUIT, DI : 8 STG SHF & STORE BUS RGTR
MICROCIRCUIT, DI : SYN 4 BIT UP/ DOWN CNTR
SEMICOND DEVICE: ZENER, SI , 8.2V, 2 %, 0.4W
SEMICOND DEVICE: ZENER, S1,8.2V, 2 %, 0.4W
SEMICOND DEVICE: ZENER, 0.25W,6.2V, 5,5%
SEMICOND DEVICE: ZENER, 0.4W, 11V, 5%

SEMICOND DEVICE: ZENER, 18V, 5 % AT 7MA
SEMICOND DEVICE: ZENER, 0.25W, 6.2V, 5,5%
SEMICOND DEVICE: ZENER, 18V, 5 % AT 7MA
SEMICOND DEVICE: ZENER, 0.4W, 5.1V, 5 %

Mfr
Code Mfr Part Number

01295 SN74LS193N3
01295 SN74LS193N3
01295 SN74S10
80009 156-0331-03
01295 LM301AJG4
01295 LM301AJG4

80009 156-0796-01
01295 SN74LS193N3
14552 TD332679
14552 TD332679
04713 SZG20012
04713 SZG35009K1

04713 SZG35014K2
80009 152-0486-00
04713 SZG35014K2
04713 SZ11755

9-37



Replaceable Electrical Parts- FG5010

Component No.

J500
J501
J502
J503
J504

9-38

Tektronix Serial / Model No.
Part No. Eff Dscont

131-1315-01
131-1315-01
131-1315-01
131-1315-01
131-1315-01

Name & Description
CHASSIS PARTS

CONN, RCPT, ELEC: BNC, FEMALE
CONN,RCPT, ELEC: BNC , FEMALE
CONN, RCPT, ELEC: BNC,FEMALE
CONN, RCPT, ELEC: BNC , FEMALE
CONN, RCPT, ELEC: BNC, FEMALE

Mfr
Code Mfr Part Number

24931 28JR 306-1
24931 28JR 306-1
24931 28JR 306-1
24931 28JR 306-1
24931 28JR 306-1
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�S�y�m�b�o�l�s

�t�u�r�e�r ��s �d�a�t�a�.

� 

�c�o�m�p�o�n�e�n�t

�G�r�a�p�h�i�c �s�y�m�b�o�l�s �a�n�d �c�l�a�s�s �d�e�s�i�g�n�a�t�i�o�n �l�e�t�t�e�r�s �a�r�e
�b�a�s�e�d�o�n�A�N�S�I �S�t�a�n�d�a�r�d �Y�3�2�.�2 ��1�9�7�5�.

�L�o�g�i�c �s�y�m�b�o�l�o�g�y �i�s �b�a�s�e�d �o�n �A�N�S�I �Y�3�2�.�1�4 ��1�9�7�3 �i�n
�t�e�r�m�s �o�f �p�o�s�i�t�i�v�e �l�o�g�i�c�. �L�o�g�i�c �s�y�m�b�o�l�s �d�e�p�i�c�t �t�h�e �l�o�g�i�c
�f�u�n�c�t�i�o�n �p�e�r�f�o�r�m�e�d �a�n�d �m�a�y �d�i�f�f�e�r �f�r�o�m�t�h�e �m�a�n�u�f�a�c �

�T�h�e�o�v�e�r�l�i�n�e�o�n�a�s�i�g�n�a�l �n�a�m�e�i�n�d�i�c�a�t�e�s�t�h�a�t �t�h�e�s�i�g�n�a�l
�p�e�r�f�o�r�m�s �i�t�s �i�n�t�e�n�d�e�d�f�u�n�c�t�i�o�n�w�h�e�n�i�t �i�s �i�n �t�h�e�l�o�w�s�t�a�t�e�.

�A�b�b�r�e�v�i�a�t�i�o�n�s �a�r�e �b�a�s�e�d �o�n �A�N�S�I �Y�1�.�1 ��1�9�7�2�.

�O�t�h�e�r �A�N�S�I �s�t�a�n�d�a�r�d�s�t�h�a�t �a�r�e�u�s�e�d�i�n �t�h�e�p�r�e�p�a�r�a�t�i�o�n
�o�f �d�i�a�g�r�a�m�s �b�y �T�e�k�t�r�o�n�i�x�, �I�n�c�. �a�r�e�:

�A�s�s�e�m�b�l�y �N�u�m�b�e�r�s�a�n�d�G�r�i�d �C�o�o�r�d�i�n�a�t�e�s

�E�a�c�h �a�s�s�e�m�b�l�y �i�n �t�h�e �i�n�s�t�r�u�m�e�n�t �i�s �a�s�s�i�g�n�e�d �a�n
�a�s�s�e�m�b�l�y �n�u�m�b�e�r �(�e�.�g�.�. �A�2�0�)�. �T�h�e �a�s�s�e�m�b�l�y �n�u�m�b�e�r
�a�p�p�e�a�r�s�o�n�t�h�e�c�i�r�c�u�i�t �b�o�a�r�d�o�u�t�l�i�n�e�o�n�t�h�e�d�i�a�g�r�a�m�, �i�n�t�h�e
�t�i�t�l�e �f�o�r �t�h�e�c�i�r�c�u�i�t �b�o�a�r�d�c�o�m�p�o�n�e�n�t �l�o�c�a�t�i�o�n �i�l�l�u�s�t�r�a�t�i�o�n�,
�a�n�d �i�n �t�h�e �l�o�o�k�u�p �t�a�b�l�e �f�o�r �t�h�e �s�c�h�e�m�a�t�i�c �d�i�a�g�r�a�m�a�n�d
�c�o�r�r�e�s�p�o�n�d�i�n�g �c�o�m�p�o�n�e�n�t
�R�e�p�l�a�c�e�a�b�l�e�E�l�e�c�t�r�i�c�a�l �P�a�r�t�s �l�i�s�t �i�s�a�r�r�a�n�g�e�d�b�y�a�s�s�e�m�b�l�i�e�s
�i�n �n�u�m�e�r�i�c�a�l �s�e�q�u�e�n�c�e�; �t�h�e �c�o�m�p�o�n�e�n�t�s �a�r�e �l�i�s�t�e�d �b�y

�n�u�m�b�e�r �*�(�s�e�e �f�o�l�l�o�w�i�n�g

�l�o�c�a�t�o�r �i�l�l�u�s�t�r�a�t�i�o�n�. �T�h�e

�i�l�l�u�s�t�r�a�t�i�o�n �f�o�r

�D�I�A�G�R�A�M�S�A�N�D�C�I�R�C�U�I�T�B�O�A�R�D�I�L�L�U�S�T�R�A�T�I�O�N�S

�¥�1�4�.�1�5�, �1�9�6�6
�Y�¥�1�4�.�2�, �1�9�7�3
�Y�¥�1�0�.�5�, �1�9�6�8

�E�l�e�c�t�r�i�c�a�l
�E�n�g�i�n�e�e�r�i�n�g�.

�A�m�e�r�i�c�a�n �N�a�t�i�o�n�a�l �S�t�a�n�d�a�r�d �I�n�s�t�i�t�u�t�e
�1�4�3�0 �B�r�o�a�d�w�a�y

�N�e�w�Y�o�r�k�, �N�e�w�Y�o�r�k �1�0�0�1�8

�C�o�m�p�o�n�e�n�t �V�a�l�u�e�s

�D�r�a�f�t�i�n�g �P�r�a�c�t�i�c�e�s�.
�L�i�n�e �C�o�n�v�e�n�t�i�o�n�s �a�n�d �L�e�t�t�e�r�i�n�g�.
�L�e�t�t�e�r �S�y�m�b�o�l�s �f�o�r �Q�u�a�n�t�i�t�i�e�s �U�s�e�d �i�n

�S�c�i�e�n�c�e �a�n�d �E�l�e�c�t�r�i�c�a�l

�S�e�c�t�i�o�n�1�0 � �F�G�5�0�1�0
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�E�l�e�c�t�r�i�c�a�l �c�o�m�p�o�n�e�n�t�s �s�h�o�w�n �o�n�t�h�e �d�i�a�g�r�a�m�s �a�r�e �i�n
�t�h�e�f�o�l�l�o�w�i�n�g �u�n�i�t�s �u�n�l�e�s�s�n�o�t�e�d �o�t�h�e�r�w�i�s�e�:

�C�a�p�a�c�i�t�o�r�s �=�V�a�l�u�e�s�o�n�e�o�r �g�r�e�a�t�e�r �a�r�e�i�n�p�i�c�o�f�a�r�a�d�s�(�p�F�)�.
�V�a�l�u�e�s �l�e�s�s�t�h�a�n �o�n�e�a�r�e �i�n �m�i�c�r�o�f�a�r�a�d�s
�(�u�F�)�.

�R�e�s�i�s�t�o�r�s �=�O�h�m�s�(�M�)�.

�T�h�e�i�n�f�o�r�m�a�t�i�o�n �a�n�d�s�p�e�c�i�a�l �s�y�m�b�o�l�s �b�e�l�o�w�m�a�y�a�p�p�e�a�r �i�n �t�h�i�s �m�a�n�u�a�l�.� 

�T�h�e�s�c�h�e�m�a�t�i�c �d�i�a�g�r�a�m�a�n�d �c�i�r�c�u�i�t �b�o�a�r�d �c�o�m�p�o�n�e�n�t
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� � 

�O�u�t�l�i�n�e

�2 �# �G�,
�F�u�n�c�t�i�o�n �B�l�o�c�k �_�2�4�I �P�T

�1�C�t�y�p�e�=�=�=�~
� � � � 

� �T�e�s�t �V�o�l�t�a�g�e
� 
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� 

� � 

�c�o�n�s�t�r�u�c�t�i�n�g �a �c�o�m�p�o�n�e�n�t �n�u�m�b�e�r�)�. �a�p�p�e�a�r�s �o�n�.

�r �1 �v
�F�u�n�c�t�i�o�n �B�l�o�c�k �T�i�t�l�e �w�d  �

�I�n�t�e�r�n�a�l �A
�S�c�r�e�w�d�r�i�v�e�r �"�~�~�. �s �9 �L�I�N�E �S�Y�N�C �G�E�N
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�o�s�u�r�e �C�h�a�r�t �< �*�~ �3  �  ��* �[�t�e�s
�(�D�o�t �i�n�d�i�c�a�t�e�s �| �r�e�s�" �F�o�s�w�i�t�c�h �c�l�o�s�u�r�e�) �* � �c�4�2 �a

�E�t�c�h�e�d �C�i�r�c�u�i�t �B�o�a�r�d �.�.�.�.�.�. �+�5�v �6�7�8
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�T�e�k�t�r�o�n�i�x �P�a�r�t �N�o�. �_�_
�f�o�r �c�i�r�c�u�i�t �b�o�a�r�d�s

� �C�o�m�p�o�n�e�n�t �N�u�m�b�e�r � � �
�A�2�3�, �*�*�R�1�2�3�4

�A�s�s�e�m�b�l�y �.�, �[�, �s�p�g�m�a�t�e�N�u�m�b�e�r
� � 

� � 

� 

� 

�C�h�a�s�s �u�n�t�e�d�c�o�m�p�o�n�e�n�t�s �A�s�s�e�m�b�l�y�N�u�m�b�e�r�p�r�e�f�i�z ��s�e�e�e�n�d �o�f �R�e�p�l�a�c�e�a�b�l�e �E�l�e�c�t�r�i�c�a�l �P�a�r�t�s �L�s�t
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� 

�H�e�a�t �S�i�n�k �3�w
�B�o�a�r�d �N�a�m�e �+�1�5�V�v

�P�/�O ��P�a�r�t �o�f �_�|  ��L �2�2�0�, �A�Z�, �o�I�M�I�N�G �B�O�A�R�D�[
�c�i�r�c�u�i�t �b�o�a�r�d �"�~�~�~ �,�w�*�" �K�Y

�o�a�l�A�s�s�e�m�b�l�y �N�u�m�b�e�r �~ � ��~�~�~

�_

�6�7�0 ��x�x�x�x ��x�x �R�e�s�o �&�_�_�_
 ��* �*�* �C�O�M�P�O�N�E�N�T�N�U�M�B�E�R�E�X�A�M�P�L�E

�S�Y�N�C �G�E�N�E�R�A�T�O�R
�*�. �*�.�W�i�s�m�e�m�m�m �B�r�u�m�m�e�r

�R�E�V�D�E�C�1�9�8�1

�l�o�c�a�t�i�o�n �i�l�l�u�s�t�r�a�t�i�o�n �h�a�v�e �g�r�i�d�s�. �A�l�o�o�k�u�p�t�a�b�l�e �w�i�t�h �t�h�e
�g�r�i�d �c�o�o�r�d�i�n�a�t�e�s �i�s �p�r�o�v�i�d�e�d �f�o�r �e�a�s�e �o�f �l�o�c�a�t�i�n�g �t�h�e
�c�o�m�p�o�n�e�n�t�. �O�n�l�y�t�h�e�c�o�m�p�o�n�e�n�t�s�i�l�l�u�s�t�r�a�t�e�d�o�n�t�h�e�f�a�c�i�n�g
�d�i�a�g�r�a�m�a�r�e�l�i�s�t�e�d �i�n �t�h�e �l�o�o�k�u�p �t�a�b�l�e�. �W�h�e�n�m�o�r�e�t�h�a�n
�o�n�e�s�c�h�e�m�a�t�i�c�d�i�a�g�r�a�m�i�s �u�s�e�d�t�o�i�l�l�u�s�t�r�a�t�e�t�h�e�c�i�r�c�u�i�t�r�y�o�n
�a �c�i�r�c�u�i�t �b�o�a�r�d�, �t�h�e �c�i�r�c�u�i�t �b�o�a�r�d �i�l�l�u�s�t�r�a�t�i�o�n �m�a�y �o�n�l�y
�a�p�p�e�a�r �o�p�p�o�s�i�t�e �t�h�e �f�i�r�s�t �d�i�a�g�r�a�m�o�n �w�h�i�c�h �i�t �w�a�s �i�l �
�l�u�s�t�r�a�t�e�d�; �t�h�e�l�o�o�k�u�p�t�a�b�l�e�w�i�l�l �l�i�s�t �t�h�e�d�i�a�g�r�a�m�n�u�m�b�e�r �o�f
�o�t�h�e�r �d�i�a�g�r�a�m�s �t�h�a�t �t�h�e �c�i�r�c�u�i�t�r�y �o�f �t�h�e �c�i�r�c�u�i�t �b�o�a�r�d

�M�o�d�i�f�i�e�d �C�o�m�p�o�n�e�n�t �(�D�e �
�p�i�c�t�e�d �i�n �G�r�e�y�, �o�r �W�i�t�h �G�r�e�y
�O�u�t�l�i�n�e�)  � �S�e�e�P�a�r�t�s �L�i�s�t

�S�t�r�a�p �o�r �L�i�n�k

�P�l�u�g �t�o �E�.�C�. �B�O�&�r�d

�[�g�o�x�] � �I�d�e�n�t�i�f�i�e�s �P�a�n�e�l
�o�n�t�r�o�l�s�, �C�o�n�n�e�c�t�o�r�s �a�n�d

�I�n�d�i�c�a�t�o�r�s
�C�o�a�x�i�a�l �c�o�n�n�e�c�t�o�r�s�:
�m�a�l�e
�f�e�m�a�l�e

�~�» �P�l�u�g �I�n�d�e�x�; �s�i�g�n�i�f�i�e�s �p�i�n �N�o�. �1
�~�~�E�x�t�e�r�n�a�l �S�c�r�e�w�d�r�i�v�e�r �A�d�j�.

�S�h�i�e�l�d�i�n�g

�S�e�l�e�c�t�e�d �v�a�l�u�e�, �s�e�e�P�a�r�t�s �L�i�s�t
�a�n�d�M�a�i�n�t�e�n�a�n�c�e�S�e�c�t�i�o�n �f�o�r
�S�e�l�e�c�t�i�o�n �C�r�i�t�e�r�i�a

�D�e�c�o�u�p�l�e�d�o�r �F�i�l�t�e�r�e�d
�V�o�l�t�a�g�e
�R�e�f�e�r �t�o �D�i�a�g�r�a�m�N�u�m�b�e�r

�S�c�h�e�m�a�t�i�c �N�a�m�e
�a�n�d �N�u�m�b�e�r
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�C�P�U�S�I�G�N�A�T�U�R�E�A�N�A�L�Y�S�I�S

�I�n�t�r�o�d�u�c�t�i�o�n

�S�e�e�S�i�g�n�a�t�u�r�e �F�i�g�. �2�f�o�r �s�i�g�n�a�t�u�r�e�s �a�n�d�l�o�c�a�t�i�o�n�s �o�f �c�o�n�n�e�c�t�i�o�n�s�.

�P�r�e�l�i�m�i�n�a�r�y �C�h�e�c�k�s

�I�f �t�h�e�r�e �i�s �n�o �v�i�s�i�b�l�e �d�i�s�p�l�a�y �c�h�e�c�k �t�h�e �+�5�V�s�u�p�p�l�y�. �I�f �n�o �r�e�l�a�y �c�l�i�c�k�i�n�g �i�s �h�e�a�r�d�, �c�h�e�c�k �t�h�e �+�1�2�V
�s�u�p�p�l�i�e�s�. �T�h�e�n�c�h�e�c�k �t�h�e �f�o�l�l�o�w�i�n�g �a�t �t�h�e �M�i�c�r�o�p�r�o�c�e�s�s�o�r �(�U�1�3�1�0�)�.

�T�E�S�T �U�1�3�1�0�, �p�i�n�s

�+�5�V �2�, �3�, �8�, �3�5
 � �G�r�o�u�n�d �1�, �2�1

�R�E�S�E�T�m�u�s�t �b�e�h�i�g�h �4�0
�4�M�H�z�o�s�c�i�l�l�a�t�i�o�n �3�9
�E�N�A�B�L�E�t�o�g�g�l�i�n�g �a�t �a�p�p�r�o�x�i�m�a�t�e�l�y �1 �M�H�z �3�7�(�T�P�1�6�1�2�)
�A�1�5�a�d�d�r�e�s�s�l�i�n�e �t�o�g�g�l�i�n�g �2�5�(�T�P�1�3�0�1�)

�W�i�t�h �t�h�e �a�b�o�v�e�c�r�i�t�e�r�i�a �p�r�e�s�e�n�t �t�h�e �s�i�g�n�a�t�u�r�e �a�n�a�l�y�z�e�r �w�i�l�l �o�p�e�r�a�t�e�.

�C�P�U�T�e�s�t

�1�. �P�u�r�p�o�s�e ��T�o�c�h�e�c�k �o�p�e�r�a�t�i�o�n �o�f �t�h�e �C�P�U�, �R�O�M�, �a�d�d�r�e�s�s�b�u�s�, �a�d�d�r�e�s�s�c�o�d�i�n�g �a�n�d�c�h�i�p �s�e�l�e�c�t�s�.

�2�. �E�q�u�i�p�m�e�n�t �R�e�q�u�i�r�e�d

�A�. �S�A�5�0�1 �S�i�g�n�a�t�u�r�e�A�n�a�l�y�z�e�r

�B�. �V�o�l�t�m�e�t�e�r

�C�. �D�u�a�l �t�r�a�c�e �o�s�c�i�l�l�o�s�c�o�p�e

�3�. �S�e�t�u�p�(�F�G�5�0�1�0�)

�A�. �F�G�5�0�1�0

�T�u�r�n�t�h�e �p�o�w�e�r �o�f�f�. �S�e�t �t�h�e �a�d�d�r�e�s�s�s�w�i�t�c�h �a�s �s�h�o�w�n�o�n�t�h�e �a�c�c�o�m�p�a�n�y�i�n�g �i�l�l�u�s�t�r�a�t�i�o�n�. �M�a�k�e
�c�e�r�t�a�i�n �P�1�1�2�1 �i�s �i�n �t�h�e�N�O�R�M�p�o�s�i�t�i�o�n�. �P�l�a�c�e �P�1�2�1�0�i�n �t�h�e�f�o�r�c�e�d �i�n�s�t�r�u�c�t�i�o�n �p�o�s�i�t�i�o�n �(�F�l�)�; �p�i�n �3�6
�o�f �U�1�3�1�0�m�u�s�t �b�e�l�o�w�.

�S�i�g�n�a�t�u�r�e �A�n�a�l�y�z�e�r

�T�h�r�e�s�h�o�l�d�T�T�L

�S�t�a�r�t �|�_�c�o�n�n�e�c�t �t�o �A�1�5�, �U�1�3�1�0�p�i�n �2�5�o�r �T�P�1�3�0�1

�S�t�o�p �O�L�c�o�n�n�e�c�t �t�o �A�1�5�, �U�1�3�1�0�p�i�n �2�5�o�r �T�P�1�3�0�1

�C�l�o�c�k �t�o �E�N�A�B�L�E�L�c�o�n�n�e�c�t �t�o �U�1�3�1�0�p�i�n �3�7�o�r �T�P�1�6�2�1

�G�r�o�u�n�d�c�o�n�n�e�c�t �t�o �T�P�1�7�4�1
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�F�G�5�0�1�0

�4�. �M�e�a�s�u�r�e�m�e�n�t�s

�C�h�e�c�k �+�5�V�s�i�g�n�a�t�u�r�e �a�t �p�i�n �2 �o�f �U�1�3�1�0�. �I�f �A�1�5�(�p�i�n �2�5 �o�f �U�1�3�1�0�) �i�s �o�p�e�r�a�t�i�n�g �p�r�o�p�e�r�l�y �t�h�e �+�5�V �A�A�N�D�B�L�O�O�P�S�I�G�N�A�T�U�R�E�A�N�A�L�Y�S�I�S
�s�i�g�n�a�t�u�r�e �w�i�l�l �b�e�c�o�r�r�e�c�t�. �I�f �A�1�5�i�s �d�e�f�e�c�t�i�v�e�, �u�s�e �a �d�u�a�l �t�r�a�c�e �s�c�o�p�e�t�o �c�h�e�c�k �t�h�e �d�a�t�a �l�i�n�e�s�, �p�i�n�s �2�6
�t�h�r�o�u�g�h�3�3�o�f �U�1�3�1�0�f�o�r �t�h�e�N�O�P�i�n�s�t�r�u�c�t�i�o�n �a�c�c�o�r�d�i�n�g�t�o�S�i�g�n�a�t�u�r�e �F�i�g�. �1�. �T�h�e�N�O�P�i�n�s�t�r�u�c�t�i�o�n �i�s �h�e�x �I�n�t�r�o�d�u�c�t�i�o�n
�0�1�. �I�f �t�h�e �d�a�t�a�o�n�t�h�e�d�a�t�a �l�i�n�e�s �i�s �i�n�c�o�r�r�e�c�t�, �c�h�e�c�k �t�h�a�t �o�n�l�y �U�1�2�3�0�a�n�d �U�1�2�3�2�a�r�e �e�n�a�b�l�e�d �a�n�d�t�h�a�t
�t�h�e�y �a�r�e�t�r�a�n�s�f�e�r�r�i�n�g �c�o�r�r�e�c�t �d�a�t�a�t�o �t�h�e �M�i�c�r�o�p�r�o�c�e�s�s�o�r�. �O�t�h�e�r �d�a�t�a�b�u�s �b�u�f�f�e�r�s �n�o�t �o�p�e�r�a�t�i�n�g �a�t �t�h�i�s �S�e�e�S�i�g�n�a�t�u�r�e �F�i�g�s�. �3�, �4�, �5�, �6�, �7 �a�n�d�8 �f�o�r �c�o�n�n�e�c�t�i�o�n�s �a�n�d�s�i�g�n�a�t�u�r�e �l�o�c�a�t�i�o�n�s �f�o�r �t�h�e �A�a�n�d �B�L�o�o�p

� � 
� 

� 

�t�i�m�e �a�r�e �U�1�2�0�0�a�n�d �U�1�3�3�0�. �R�e�c�h�e�c�k �t�h�e �+�5�V�s�u�p�p�l�y �f�o�r �a �c�o�r�r�e�c�t �s�i�g�n�a�t�u�r�e�. �I�f �c�o�r�r�e�c�t �t�a�k�e �s�i�g�n�a � �t�e�s�t�s�.
�t�u�r�e�s �o�n �U�1�3�1�0�, �t�h�e �A�1�4�t�h�r�o�u�g�h�A�0�l�i�n�e�s�, �o�n�p�i�n�s �2�5�t�h�r�o�u�g�h �9�. �I�f �a�n�y �s�i�g�n�a�t�u�r�e�s �a�r�e �b�a�d�, �c�h�e�c�k �f�o�r

�s�h�o�r�t�s �o�r �e�x�c�e�s�s�i�v�e �b�u�s �l�o�a�d�i�n�g�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e�s �a�r�e �s�t�i�l�l �i�n�c�o�r�r�e�c�t�, �r�e�p�l�a�c�e �t�h�e �M�i�c�r�o�p�r�o�c�e�s�s�o�r�, �A�L�o�o�p�T�e�s�t
�U�1�3�1�0�.

�1�. �P�u�r�p�o�s�e ��T�o�c�h�e�c�k �t�h�e �o�p�e�r�a�t�i�o�n �o�f �t�h�e �s�e�r�i�a�l �s�h�i�f�t �r�e�g�i�s�t�e�r�s �o�n�t�h�e �v�a�r�i�o�u�s �b�o�a�r�d�s�.
 ��»�| �|�<�2�O�n�S

�T�P�1�6�2�1 �| �2�. �E�q�u�i�p�m�e�n�t �r�e�q�u�i�r�e�d

�|
�O�A�T�A �L�I�N�E �| �y �¥ �A�. �S�A�5�0�1 �s�i�g�n�a�t�u�r�e �a�n�a�l�y�z�e�r

�P�I�N�S �2�6 ��3�3 �| �V�A�L�I�D �,
�| � ��| �D�A�T�A  � � �B�. �B�o�a�r�d�e�x�t�e�n�d�e�r�s�, �T�e�k�t�r�o�n�i�x �P�a�r�t �N�o�. �0�6�7 ��1�0�4�1 ��0�0

�2�0�0�n�S  ��I �|  � �
�C�. �O�s�c�i�l�l�o�s�c�o�p�e�w�i�t�h �v�e�r�t�i�c�a�l �s�i�g�n�a�l �o�u�t �o�r �e�q�u�i�v�a�l�e�n�t ��S�e�e�3�B�f�o�l�l�o�w�i�n�g�.

�F�O�R �H�G�@�1 �(�N�O�P �I�N�S�T�R�U�C�T�I�O�N�) �D�A�T�A �L�I�N�E�S �O�0�1 �T�H�R�O�U�G�H
�A�N�D�O�A�T�A �L�I�N�E �O�G�= �t�. �3�4�6�7 ��4�1

�3�. �S�e�t�u�p

�S�i�g�n�a�t�u�r�e�F�i�g�. �1�. �D�a�t�a�l�i�n�e�s �D�O�t�h�r�o�u�g�h�D�7�a�n�d�N�O�P�i�n�s�t�r�u�c�t�i�o�n�.

�A�. �F�G�5�0�1�0

�M�o�v�e�P�1�5�1�0�t�o�t�h�e�d�i�s�a�b�l�e �p�a�t�c�h�p�o�s�i�t�i�o�n�. �C�h�e�c�k �U�1�3�1�2�p�i�n �1 �f�o�r �a�c�o�r�r�e�c�t �s�i�g�n�a�t�u�r�e�. �I�f �t�h�e�s�i�g�n�a�t�u�r�e
�i�s �i�n�c�o�r�r�e�c�t�, �c�h�e�c�k �U�1�4�2�0�p�i�n �1�9�f�o�r �a�c�o�r�r�e�c�t �s�i�g�n�a�t�u�r�e�. �I�f �t�h�a�t �s�i�g�n�a�t�u�r�e �i�s �n�o�t �o�b�t�a�i�n�a�b�l�e�, �r�e�p�l�a�c�e
�U�1�4�2�0�. �(�O�r �c�h�e�c�k �U�1�5�1�0�)�.

�P�1�1�2�1 �i�n �t�h�e �S�A�p�o�s�i�t�i�o�n�. �P�1�2�1�0 �i�n �t�h�e �n�o�r�m�a�l �p�o�s�i�t�i�o�n�. �P�1�5�1�0 �i�n �t�h�e �d�i�s�a�b�l�e �p�a�t�c�h �p�o�s�i�t�i�o�n�.
�T�h�e�s�e�p�o�s�i�t�i�o�n�s �a�p�p�l�y �t�o �a�l�l �b�o�a�r�d�s �f�o�r �t�h�e�A�l�o�o�p �c�h�e�c�k�.

�, �, �: �B�. �S�i�g�n�a�t�u�r�e�A�n�a�l�y�z�e�r �C�o�n�n�e�c�t�i�o�n�s �(�C�P�U�b�o�a�r�d�, �A�3�0�)
�T�h�e�n�e�x�t �s�t�e�p�i�s �t�o�c�h�e�c�k�t�h�e�s�i�g�n�a�t�u�r�e�s�o�n�U�1�6�4�0�, �t�h�e�B�A�3�t�h�r�o�u�g�h �B�A�1�0�l�i�n�e�s�. �I�f �a�n�y�a�r�e�b�a�d�, �c�h�e�c�k
�U�1�3�1�2�f�o�r �s�h�o�r�t�s �o�r �o�p�e�n�s�. �N�e�x�t�, �c�h�e�c�k �t�h�e�s�i�g�n�a�t�u�r�e�s �o�n�U�1�6�4�0�, �t�h�e �B�A�O�t�h�r�o�u�g�h �B�A�2�l�i�n�e�s�. �C�h�e�c�k �S�t�a�r�t �_�| �U�1�6�3�0�D�p�i�n �9
�t�h�e�s�i�g�n�a�t�u�r�e�s �o�n �U�1�5�4�0�, �B�A�1�1�a�n�d �B�A�1�2�. �C�h�e�c�k �t�h�e�s�i�g�n�a�t�u�r�e�s �o�n �U�1�5�1�2�, �B�A�1�3�t�h�r�o�u�g�h �1�5�. �I�f �a�n�y
�a�r�e�d�e�f�e�c�t�i�v�e�, �c�h�e�c�k �U�1�3�2�0�f�o�r �s�h�o�r�t�s �o�r �o�p�e�n�s�. �N�e�x�t�, �c�h�e�c�k �t�h�e�c�h�i�p�s�e�l�e�c�t �l�i�n�e�s�. �C�h�e�c�k �E�0�O�0�0�R�O�M�, �S�t�o�p �| �U�1�6�3�0�D�p�i�n �8
�U�1�3�3�2�p�i�n �2�0�o�r �T�P�1�3�3�2�f�o�r �c�o�r�r�e�c�t �s�i�g�n�a�t�u�r�e�s�. �N�e�x�t�, �c�h�e�c�k �t�h�e �C�O�0�0�R�O�M�, �U�1�4�4�0�p�i�n �2�0�, �o�r
�T�P�1�5�2�1�. �C�h�e�c�k �t�h�e�A�0�0�0�R�O�M�, �U�1�5�4�0�p�i�n �2�0�o�r �T�P�1�5�2�2�. �T�h�e�a�d�d�r�e�s�s�s�w�i�t�c�h �e�n�a�b�l�e �s�i�g�n�a�t�u�r�e �i�s �C�l�o�c�k�_�| �T�P�1�3�3�1
�5�3�4�H�a�t �U�1�7�2�2�D�p�i�n �1�2�. �C�h�e�c�k�t�h�e�S�E�L�0�s�i�g�n�a�t�u�r�e�a�t �U�1�6�1�0�A�p�i�n �1�. �T�h�e�p�a�t�c�h�E�P�R�O�M�c�h�i�p�s�e�l�e�c�t �i�s
�U�1�6�4�0�p�i�n �1�8�o�r �T�P�1�6�2�2�. �C�h�e�c�k�a�d�d�i�t�i�o�n�a�l �I�C�c�h�i�p�s�e�l�e�c�t �l�i�n�e�s�, �U�1�4�0�0�p�i�n �8�, �U�1�5�0�0�p�i�n �8�, �U�1�1�0�2�p�i�n �3�,
�U�1�8�3�0�p�i�n �2�2�a�n�d �U�1�7�2�0�p�i�n �2�3�. �I�f �a�n�y�o�f �t�h�e�s�e�s�i�g�n�a�t�u�r�e�s �a�r�e �i�n�c�o�r�r�e�c�t�, �b�a�c�k�t�r�a�c�k �t�o�w�a�r�d �U�1�5�1�2�o�r
�U�1�5�2�0�.

�T�h�e�s�e�p�o�s�i�t�i�o�n�s �a�p�p�l�y �t�o �a�l�l �b�o�a�r�d�s �f�o�r �t�h�e�A�l�o�o�p �c�h�e�c�k�. �W�h�e�n�t�a�k�i�n�g �s�i�g�n�a�t�u�r�e�s �o�n�t�h�e �L�o�o�p �1
�b�o�a�r�d�i�t �i�s �n�e�c�e�s�s�a�r�y�t�o�t�r�a�n�s�l�a�t�e�t�h�e �+�1�5�V�C�M�O�S�l�e�v�e�l�s �t�o�T�T�L�c�o�m�p�a�t�i�b�l�e�l�e�v�e�l�s �a�s�t�h�e�S�A�5�0�1
�s�t�a�r�t�, �s�t�o�p�a�n�d�c�l�o�c�k �a�r�e�T�T�L�l�e�v�e�l�s�. �C�o�n�n�e�c�t �t�h�e�s�i�g�n�a�t�u�r�e�a�n�a�l�y�z�e�r �p�r�o�b�e�t�o�t�h�e�v�e�r�t�i�c�a�l �o�u�t�p�u�t �o�f
�a�n�o�s�c�i�l�l�o�s�c�o�p�e �a�n�d�c�o�n�n�e�c�t �t�h�e �i�n�p�u�t �o�f �t�h�e�o�s�c�i�l�l�o�s�c�o�p�e�t�o �t�h�e�s�i�g�n�a�t�u�r�e �p�o�i�n�t�s�. �S�e�t �t�h�e�v�e�r�t�i�c�a�l

�, �g�a�i�n �o�f �t�h�e�o�s�c�i�l�l�o�s�c�o�p�e �s�o�t�h�a�t �t�h�e �v�e�r�t�i�c�a�l �o�u�t�p�u�t �i�s �T�T�L�e�q�u�i�v�a�l�e�n�t�.
�F�o�r �t�h�e �f�o�l�l�o�w�i�n�g �m�e�a�s�u�r�e�m�e�n�t�s �c�h�a�n�g�e�:

�4�. �M�e�a�s�u�r�e�m�e�n�t�s
�S�t�a�r�t �O�L�c�o�n�n�e�c�t �t�o �T�P�1�5�2�2

�T�a�k�e�t�h�e �s�i�g�n�a�t�u�r�e�s �o�f �t�h�e �s�e�r�i�a�l �s�h�i�f�t �r�e�g�i�s�t�e�r�s �o�n�t�h�e �v�a�r�i�o�u�s �b�o�a�r�d�s�. �U�s�e�t�h�e�s�c�h�e�m�a�t�i�c�s �a�s �w�e�l�l �a�s
�t�h�e �e�r�r�o�r �c�o�d�e�s �t�o �d�e�t�e�r�m�i�n�e �t�h�e �p�o�s�s�i�b�l�e �e�r�r�o�r �l�o�c�a�t�i�o�n�. �I�f �t�h�e �A�L�o�o�p �s�i�g�n�a�t�u�r�e �a�t �U�1�6�2�0 �p�i�n �1�5 �i�s

�S�t�o�p �_�| �c�o�n�n�e�c�t �t�o �T�P�1�3�3�2 �i�n�c�o�r�r�e�c�t �g�o�t�o �t�h�e �B�L�o�o�p�T�e�s�t�.

�C�l�o�c�k�O�L �c�o�n�n�e�c�t �t�o �T�P�1�6�2�1 �(�E�N�A�B�L�E�) �B�L�o�o�p�T�e�s�t

�T�h�i�s �p�r�o�c�e�d�u�r�e�i�s �p�r�e�s�e�n�t�e�d�i�n �s�e�q�u�e�n�t�i�a�l �f�o�r�m�. �I�t �c�o�m�b�i�n�e�s�s�i�g�n�a�t�u�r�e�a�n�a�l�y�s�i�s �a�n�d�w�a�v�e�f�o�r�m�c�h�e�c�k�i�n�g
�C�h�e�c�k�t�h�e�s�i�g�n�a�t�u�r�e�s�o�n�U�1�3�3�0�R�D�O�t�h�r�o�u�g�h�R�D�7�. �I�f �a�l�l �a�r�e�i�n�c�o�r�r�e�c�t�, �c�h�e�c�k�t�h�a�t �t�h�e�c�o�r�r�e�c�t �R�O�M�i�s �i�n �u�s�i�n�g �a�n �o�s�c�i�l�l�o�s�c�o�p�e�. �T�h�i�s �p�r�o�c�e�d�u�r�e �a�l�s�o �c�h�a�n�g�e�s �t�o �A�l�o�o�p �a�n�a�l�y�s�i�s �s�e�v�e�r�a�l �t�i�m�e�s�. �W�h�e�n�s�w�i�t�c�h�i�n�g �t�o �A

�p�l�a�c�e�. �I�f �a�n�y �a�r�e �i�n�c�o�r�r�e�c�t�, �c�h�e�c�k �t�h�e �b�u�s �f�o�r �s�h�o�r�t�s �o�r �o�p�e�n�s�. �l�o�o�p�m�a�k�e�c�e�r�t�a�i�n �a�l�l �j�u�m�p�e�r�s �a�n�d�c�o�n�d�i�t�i�o�n�s �f�o�r �A�l�o�o�p�e�n�t�r�y �a�r�e �m�e�t�.

�T�e�x�t �c�o�n�t�i�n�u�e�d �o�n �b�a�c�k�s�i�d�e�.
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�F�G�5�0�1�0

�T�e�s�t �E�q�u�i�p�m�e�n�t �R�e�q�u�i�r�e�d

�1�. �S�A�5�0�1 �S�i�g�n�a�t�u�r�e �A�n�a�l�y�z�e�r

�2�. �O�s�c�i�l�l�o�s�c�o�p�e�w�i�t�h �d�e�l�a�y�i�n�g �s�w�e�e�p

�3�. �B�o�a�r�d�e�x�t�e�n�d�e�r�s�, �T�e�k�t�r�o�n�i�x �P�a�r�t �N�o�. �0�6�7 ��1�0�4�1 ��0�0

�4�. �T�h�r�e�e�s�h�o�r�t�i�n�g�j�u�m�p�e�r�s

�S�i�g�n�a�t�u�r�e�A�n�a�l�y�z�e�r �C�o�n�n�e�c�t�i�o�n�s �(�C�P�U�b�o�a�r�d�, �A�3�0�)

�S�t�a�r�t �O�L�U�1�6�3�0�p�i�n �9

�S�t�o�p �L�U�1�6�3�0�p�i�n �8

�C�l�o�c�k�_�| �T�P�1�3�3�1

�G�n�d �T�P�1�7�4�1�C�
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�T�o�v�e�r�i�f�y �t�h�e�c�o�n�n�e�c�t�i�o�n�s �c�h�e�c�k �t�h�e �+�5�V�s�i�g�n�a�t�u�r�e �(�F�P�P�4�)�.

�L�o�o�p�2 �B�o�a�r�d�(�A�7�0�)

�S�h�o�r�t �p�i�n �1�1�o�f �U�1�2�2�2�t�o �p�i�n �7�.

�C�h�e�c�k �t�h�e �L�o�w�F�r�e�q�u�e�n�c�y �G�e�n�e�r�a�t�o�r �a�t �U�1�5�2�0�p�i�n �1�5 �f�o�r �(�0�6�A�¥�4�)�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �f�o�l�l�o�w
�d�i�r�e�c�t�i�o�n�s �u�n�d�e�r �O�p�e�n�i�n�g �L�o�o�p�2 �a�n�d�t�h�e�n �d�o�t�h�e �L�o�w�F�r�e�q�u�e�n�c�y �G�e�n�e�r�a�t�o�r �p�r�o�c�e�d�u�r�e�.

�C�h�e�c�k�t�h�e �L�o�o�p�C�y�c�l�e�C�o�u�n�t�e�r �a�t �U�1�2�2�0�B�p�i�n �8�(�4�8�A�H�)�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �f�o�l�l�o�w�d�i�r�e�c�t�i�o�n�s
�u�n�d�e�r �O�p�e�n�i�n�g �L�o�o�p�2�a�n�d�t�h�e�n �g�o�t�o �d�i�r�e�c�t�i�o�n�s �u�n�d�e�r �L�o�o�p�C�y�c�l�e �C�o�u�n�t�e�r�.

�S�i�n�e�S�h�a�p�e�r �B�o�a�r�d �P�r�o�c�e�d�u�r�e�(�A�8�0�)

�C�h�e�c�k �t�h�e �b�u�r�s�t �c�o�u�n�t�e�r �a�t �U�1�5�1�1�p�i�n �2 �(�5�H�C�5�)�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �f�o�l�l�o�w�t�h�e �d�i�r�e�c�t�i�o�n�s �u�n�d�e�r
�O�p�e�n�i�n�g�t�h�e �S�i�n�e �S�h�a�p�e�r �B�o�a�r�d �L�o�o�p�. �T�h�e�n�p�r�o�c�e�e�d �t�o �d�i�r�e�c�t�i�o�n�s �u�n�d�e�r �h�e�a�d�i�n�g �S�i�n�e �S�h�a�p�e�r�.

�O�p�e�n�i�n�g�L�o�o�p�2�(�L�o�o�p�2 �b�o�a�r�d�, �A�7�0�)

�D�i�s�c�o�n�n�e�c�t �a�n�y �o�f �t�h�e �f�o�l�l�o�w�i�n�g �p�i�n�s�: �U�1�3�1�2�A�p�i�n�s �9�, �1�0�, �o�r �1�1�. �T�h�i�s �a�c�t�i�o�n �p�r�e�v�e�n�t�s �t�h�e �I�n�t�e�g�r�a�l �C�y�c�l�e
�C�o�u�n�t�e�r �(�U�1�2�0�0�, �U�1�1�0�2 �o�r �U�1�1�0�0�) �f�r�o�m�p�r�e�s�e�t�t�i�n�g �t�h�e �L�o�w�F�r�e�q�u�e�n�c�y �G�e�n�e�r�a�t�o�r �C�o�u�n�t�e�r �c�o�m�p�o�s�e�d �o�f
�U�1�5�0�0�, �U�1�4�1�2�a�n�d�U�1�4�1�0�. �D�i�s�c�o�n�n�e�c�t �p�i�n �1 �a�n�d�s�h�o�r�t �p�i�n �4�t�o�p�i�n �7�o�f �U�1�4�0�2�A�. �T�h�i�s �e�n�a�b�l�e�s �o�n�l�y �U�1�5�2�0�t�o
�l�o�a�d �t�h�e �S�y�m�m�e�t�r�y �C�o�u�n�t�e�r�. �D�i�s�c�o�n�n�e�c�t �p�i�n �7 �a�n�d �p�i�n �1�0 �o�f �U�1�2�2�0�B�a�n�d �c�o�n�n�e�c�t �p�i�n �1�0 �t�o �p�i�n �1�1�. �T�h�i�s
�b�r�e�a�k�s �t�h�e�f�e�e�d�b�a�c�k �f�o�r �t�h�e �c�o�u�n�t�e�r �c�o�m�p�o�s�e�d�o�f �U�1�1�3�0�, �U�1�1�3�2�, �U�1�1�1�0�a�n�d �U�1�1�2�0�.

�O�p�e�n�i�n�g�t�h�e�S�i�n�e�S�h�a�p�e�r �B�o�a�r�d�L�o�o�p�(�A�8�0�)

�D�i�s�c�o�n�n�e�c�t �p�i�n �1�0�o�f �U�1�5�1�0�. �T�h�i�s �a�l�l�o�w�s �o�n�l�y �t�h�e �M�i�c�r�o�p�r�o�c�e�s�s�o�r�, �U�1�3�1�0�, �t�o�l�o�a�d�t�h�e �B�u�r�s�t �C�o�u�n�t�e�r�s�v�i�a
�t�h�e �S�i�n�e �S�h�a�p�e�r �s�t�r�o�b�e �l�i�n�e�, �P�1�8�1�0�p�i�n �7�B�.

� 

� 

�L�o�w�F�r�e�q�u�e�n�c�y �G�e�n�e�r�a�t�o�r �P�r�o�c�e�d�u�r�e�(�L�o�o�p�2 �b�o�a�r�d�, �A�7�0�)

�N�O�T�E

�U�s�e �t�h�e �o�s�c�i�l�l�o�s�c�o�p�e �t�o �c�h�e�c�k �f�o�r �t�h�e �p�r�e�s�e�n�c�e �o�f �t�h�e �f�o�l�l�o�w�i�n�g �p�u�l�s�e�s�. �P�r�e�c�i�s�e �p�u�l�s�e �t�i�m�e
�m�e�a�s�u�r�e�m�e�n�t�s�a�r�e �u�s�u�a�l�l�y�n�o�t �n�e�c�e�s�s�a�r�y�.

�C�h�e�c�k �t�h�e �H�F�S�Q�(�H�i�g�h �F�r�e�q�u�e�n�c�y �S�q�u�a�r�e�w�a�v�e�) �s�i�g�n�a�l�. �T�h�i�s �i�s �a �b�u�r�s�t �t�y�p�e �p�u�l�s�e �t�r�a�i�n�. �T�h�e �H�F�S�Q
�s�i�g�n�a�l �e�n�t�e�r�s �t�h�e �L�o�o�p �I�I �b�o�a�r�d �a�t �P�1�6�1�0�, �p�i�n �1�5�A�. �U�p�o�n �e�n�t�r�y �i�n�t�o �t�h�e �B�L�o�o�p �r�o�u�t�i�n�e�, �a �s�i�n�g�l�e �p�u�l�s�e
�f�o�l�l�o�w�e�d �b�y �a �b�u�r�s�t �o�f �2�5�6�p�u�l�s�e�s �o�c�c�u�r�s�. �T�h�e�s�e�i�n�i�t�i�a�l�i�z�e �t�h�e �s�y�m�m�e�t�r�y �c�o�u�n�t�e�r �t�o �a �k�n�o�w�n�s�t�a�t�e�. �A�s�i�n�g�l�e
�p�u�l�s�e �f�o�l�l�o�w�e�d �b�y �a �t�r�a�i�n �o�f �1�0�0�p�u�l�s�e�s �o�c�c�u�r�s�. �T�h�e�s�e �e�x�e�r�c�i�s�e �t�h�e �s�y�m�m�e�t�r�y �c�o�u�n�t�e�r �t�h�r�o�u�g�h �i�t�s �r�a�n�g�e�.
�F�i�n�a�l�l�y �c�o�m�e�s�a�s�i�n�g�l�e�p�u�l�s�e�f�o�l�l�o�w�e�d�b�y �1�0�2�0�0�p�u�l�s�e�s�. �T�h�e�s�e�e�x�e�r�c�i�s�e�a�l�l �r�e�m�a�i�n�i�n�g�c�o�u�n�t�e�r�s�o�n�b�o�t�h �L�o�o�p�2
�(�A�7�0�) �a�n�d�t�h�e �S�i�n�e �S�h�a�p�e�r �(�A�8�0�) �b�o�a�r�d�. �T�h�e�s�e�p�u�l�s�e�s �a�r�e �s�p�a�c�e�d�a�p�p�r�o�x�i�m�a�t�e�l�y �2�5�t�o �3�0�u�s �a�p�a�r�t �a�n�d�a�r�e
�a�b�o�u�t �2�u�s �w�i�d�e�. �T�h�e �w�i�d�t�h �i�s �d�e�t�e�r�m�i�n�e�d �o�n �t�h�e �L�o�o�p �1 �b�o�a�r�d �a�n�d �t�h�e �s�p�a�c�i�n�g �i�n �t�h�e �M�i�c�r�o�p�r�o�c�e�s�s�o�r
�s�o�f�t�w�a�r�e�(�t�h�e �M�i�c�r�o�p�r�o�c�e�s�s�o�r �t�r�i�g�g�e�r�s �t�h�e �L�o�o�p�1 �b�o�a�r�d�)�. �A�l�s�o�c�h�e�c�k�f�o�r �t�h�e�H�F�S�Q�s�i�g�n�a�l �a�t �p�i�n�s �1 �a�n�d�1�2�o�f
�U�1�3�1�2�, �p�i�n�s �2 �o�f �U�1�4�3�2�a�n�d �U�1�5�3�0�a�n�d �p�i�n�s �7 �a�n�d �1�4�o�f �U�1�2�3�2�.

�T�h�e�s�i�n�g�l�e �p�u�l�s�e�p�r�e�c�e�d�i�n�g�e�a�c�h�b�u�r�s�t �f�o�r�m�s �t�h�e�C�l�o�x�o�n�p�u�l�s�e�. �C�h�e�c�k�f�o�r �t�h�i�s �p�u�l�s�e�a�t �P�1�6�1�0�p�i�n �1�4�A�,
�p�i�n�s �1�4�a�n�d �1�5 �o�f �U�1�3�1�0�a�n�d�p�i�n �1�0�o�f �U�1�4�0�2�.

�C�h�e�c�k�i�n�g�t�h�e�S�y�m�m�e�t�r�y �C�o�u�n�t�e�r �(�L�o�o�p�2 �b�o�a�r�d�, �A�7�0�)

�M�a�k�e �c�e�r�t�a�i�n �O�p�e�n�i�n�g �L�o�o�p �d�i�r�e�c�t�i�o�n�s �h�a�v�e �b�e�e�n �c�o�m�p�l�e�t�e�d�. �C�h�e�c�k �t�h�e �s�i�g�n�a�t�u�r�e �a�t �U�1�3�0�0�p�i�n �1
�(�4�1�3�F�)�. �I�f �t�h�i�s �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �f�o�r �(�F�P�P�4�) �s�i�g�n�a�t�u�r�e �a�t �p�i�n �1�5�o�f �U�1�5�2�0�. �T�h�e�p�i�n �m�u�s�t �b�e�a �l�o�g�i�c
�h�i�g�h �t�o �p�r�o�p�e�r�l�y �p�r�o�g�r�a�m�t�h�e �S�y�m�m�e�t�r�y �C�o�u�n�t�e�r�. �I�f �t�h�i�s �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�4�0�2�A�f�o�r �p�r�o�p�e�r
�o�p�e�r�a�t�i�o�n�. �C�h�e�c�k�t�h�e�s�i�g�n�a�t�u�r�e�s�o�n�U�1�5�2�0�, �p�i�n�4�(�H�H�U�S�5�)�, �p�i�n �5�(�H�U�S�)�, �p�i�n �6�(�H�H�U�S�5�) �a�n�d�p�i�n �7�(�2�F�U�A�)�. �I�f �a�n�y
�o�f �t�h�e�s�e �s�i�g�n�a�t�u�r�e�s �a�r�e �i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�5�2�0�, �U�1�6�2�0�, �a�n�d �U�1�4�3�2�. �C�h�e�c�k �t�h�e �s�i�g�n�a�t�u�r�e�s �o�n �U�1�5�2�0�, �p�i�n �1�1
�(�C�C�P�C�)�, �p�i�n �1�2 �(�4�A�P�4�)�, �p�i�n �1�3 �(�O�5�6�F�)�, �a�n�d �p�i�n �1�4 �(�P�2�1�P�)�. �I�f �a�n�y �o�f �t�h�e�s�e �s�i�g�n�a�t�u�r�e�s �a�r�e �i�n�c�o�r�r�e�c�t �c�h�e�c�k
�U�1�5�2�0�, �U�1�6�2�0�o�r �U�1�5�3�0�. �T�o �c�o�n�t�i�n�u�e �w�i�t�h �t�h�i�s �p�r�o�c�e�d�u�r�e �t�h�e �S�y�m�m�e�t�r�y �C�o�u�n�t�e�r �m�u�s�t �h�a�v�e �t�h�e �c�o�r�r�e�c�t
�s�i�g�n�a�t�u�r�e�f�r�o�m�U�1�5�2�0�.

�C�h�e�c�k �t�h�e �s�i�g�n�a�t�u�r�e �a�t �U�1�3�0�0�p�i�n �3�(�2�9�9�6�)�. �C�h�e�c�k �t�h�e �s�i�g�n�a�t�u�r�e �a�t �p�i�n �1�3�o�f �U�1�4�0�2�B�i�n �t�h�e �A�L�o�o�p
�s�i�g�n�a�t�u�r�e�a�n�a�l�y�s�i�s �m�o�d�e�f�o�r �t�h�e�c�o�r�r�e�c�t �s�i�g�n�a�t�u�r�e�(�4�5�F�3�)�. �I�f �t�h�i�s �s�i�g�n�a�t�u�r�e�i�s �i�n�c�o�r�r�e�c�t �t�r�a�c�e�t�h�e�d�i�f�f�i�c�u�l�t�y �u�s�i�n�g
�A�L�o�o�p�s�i�g�n�a�t�u�r�e�s�. �O�r �u�s�e�t�h�e�o�s�c�i�l�l�o�s�c�o�p�e�o�r �o�t�h�e�r �t�e�c�h�n�i�q�u�e�s �t�o�t�r�o�u�b�l�e�s�h�o�o�t �c�o�u�n�t�e�r�s �U�1�4�3�2�a�n�d�U�1�5�3�0�.

�C�h�e�c�k�t�h�e �I�n�t�e�g�r�a�l �C�y�c�l�e�C�o�u�n�t�e�r �(�L�o�o�p�2 �b�o�a�r�d�, �A�7�0�)

�M�a�k�e�c�e�r�t�a�i�n �s�t�e�p�s �u�n�d�e�r �O�p�e�n�i�n�g �L�o�o�p�I�I �h�a�v�e�b�e�e�n�c�o�m�p�l�e�t�e�d�. �I�n �t�h�e �B�L�o�o�p�, �i�f �t�h�e�s�i�g�n�a�t�u�r�e�a�t �p�i�n
�1�3�o�f �U�1�1�0�0�(�H�O�0�3�1�) �i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �p�i�n �1�3�o�f �U�1�1�0�2�(�9�8�8�U�)�. �I�f �t�h�i�s �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �p�i�n �1�3�o�f
�U�1�2�0�0�(�C�6�5�2�)�. �I�f �t�h�i�s �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�2�0�0�p�i�n �4�w�i�t�h �a�n�o�s�c�i�l�l�o�s�c�o�p�e�f�o�r �2�0�0�n�s �w�i�d�e�b�u�r�s�t�e�d
�p�u�l�s�e�s �s�p�a�c�e�d�a�p�p�r�o�x�i�m�a�t�e�l�y �5�0�u�s�. �I�f �t�h�e�s�e�p�u�l�s�e�s �a�r�e �n�o�t �p�r�e�s�e�n�t �c�h�e�c�k �U�1�2�0�2�u�s�i�n�g �a�n�o�s�c�i�l�l�o�s�c�o�p�e�. �I�f �a
�s�i�g�n�a�l �i�s �n�o�t �p�r�e�s�e�n�t �a�t �p�i�n �4 �o�f �U�1�2�0�0�c�h�e�c�k �U�1�2�0�0�, �U�1�1�0�2�, �o�r �U�1�1�0�0�. �A�t �t�h�i�s �p�o�i�n�t �t�h�e �i�n�t�e�g�r�a�l �c�y�c�l�e
�c�o�u�n�t�e�r �m�u�s�t �b�e�f�u�n�c�t�i�o�n�i�n�g �p�r�o�p�e�r�l�y �t�o �c�o�n�t�i�n�u�e�.

�C�h�e�c�k�t�h�e �L�o�w�F�r�e�q�u�e�n�c�y�G�e�n�e�r�a�t�o�r �C�o�u�n�t�e�r �(�L�o�o�p�2 �b�o�a�r�d�, �A�7�0�)

�M�a�k�e�c�e�r�t�a�i�n �s�t�e�p�s �u�n�d�e�r �O�p�e�n�i�n�g �L�o�o�p �I�I �h�a�v�e �b�e�e�n �c�o�m�p�l�e�t�e�d�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e �(�3�0�6�3�) �a�t �p�i�n �4 �o�f
�U�1�3�0�0�i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �p�i�n �1�0�o�f �U�1�3�1�0�(�H�7�1�1�)�. �I�f �i�n�c�o�r�r�e�c�t �c�h�e�c�k �p�i�n �8�o�f �U�1�3�0�2�(�1�9�U�5�)�. �I�f �t�h�i�s �s�i�g�n�a�t�u�r�e�i�s
�i�n�c�o�r�r�e�c�t �c�h�e�c�k �p�i�n �1�0 �o�f �U�1�3�0�0�B�(�F�S�P�O�)�. �I�f �t�h�i�s �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�4�1�0 �p�i�n �2 �(�9�4�6�P�)�, �p�i�n �3
�(�8�5�4�8�)�, �p�i�n �6�(�H�F�F�2�)�, �p�i�n �7�(�3�8�5�F�)�, �p�i�n �1�2�(�4�8�2�4�) �a�n�d�p�i�n �1�3�(�8�6�F�O�)�. �I�f �p�i�n�s �2�a�n�d�3�s�h�o�w�i�n�c�o�r�r�e�c�t �s�i�g�n�a�t�u�r�e�s
�s�u�s�p�e�c�t �U�1�4�1�0 �o�r �U�1�3�0�0�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e�s �(�F�C�S�P�) �o�n �p�i�n �1�3 �o�f �U�1�3�0�0�a�n�d �p�i�n �3 �o�f �U�1�4�1�2 �(�4�2�A�1�) �a�r�e
�i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�4�1�2�. �T�h�e�s�i�g�n�a�t�u�r�e�s �f�o�r �U�1�4�1�2�a�r�e�: �p�i�n �2�(�O�C�9�U�)�, �p�i�n�3�(�4�2�A�1�)�, �p�i�n �6�(�5�3�H�5�)�, �p�i�n �7�(�3�U�F�8�)�,
�p�i�n �1�2�(�6�A�P�U�) �a�n�d �p�i�n �1�3 �(�9�H�5�4�)�. �A�l�s�o�c�h�e�c�k �U�1�3�0�0�.
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�C�h�e�c�k�t�h�e�s�i�g�n�a�t�u�r�e�s �a�t �U�1�5�0�0�p�i�n�2�(�P�6�8�5�)�, �p�i�n�3�(�C�A�7�0�O�) �a�n�d�p�i�n �1�2�(�9�2�P�5�)�. �I�f �t�h�e�s�i�g�n�a�t�u�r�e�s �a�t �p�i�n�s �2
�a�n�d�3�a�r�e�d�e�f�e�c�t�i�v�e�s�u�s�p�e�c�t �U�1�5�0�0�, �U�1�3�0�2�, �U�1�3�1�0�o�r �U�1�3�0�0�. �C�h�e�c�k�t�h�e�s�i�g�n�a�t�u�r�e�a�t �p�i�n �8�o�f �U�1�2�3�0�(�C�A�P�4�)�.
�I�f �t�h�i�s �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�2�3�0�.

�A�t �t�h�i�s �p�o�i�n�t �t�h�e �L�o�w�F�r�e�q�u�e�n�c�y �G�e�n�e�r�a�t�o�r �s�h�o�u�l�d �b�e�o�p�e�r�a�t�i�n�g �p�r�o�p�e�r�l�y�. �C�h�e�c�k �t�h�a�t �t�h�e�c�l�o�c�k �s�i�g�n�a�l
�f�r�o�m�U�1�2�0�2�p�i�n �1�3 �i�s �p�r�e�s�e�n�t�, �a�s �w�e�l�l �a�s �a �l�o�g�i�c �l�o�w�o�n�p�i�n �5 �o�f �U�1�4�1�0�.

�L�o�o�p�C�y�c�l�e�C�o�u�n�t�e�r �(�L�o�o�p�2 �b�o�a�r�d�, �A�7�0�)

�M�a�k�e�c�e�r�t�a�i�n �s�t�e�p�s �u�n�d�e�r �O�p�e�n�i�n�g �L�o�o�p�I�I �h�a�v�e�b�e�e�n�c�o�m�p�l�e�t�e�d�. �C�h�e�c�k �t�h�e �s�i�g�n�a�t�u�r�e �a�t �U�1�2�2�0�A�p�i�n
�1�2�(�F�O�4�6�)�, �p�i�n �2�(�4�7�1�7�) �a�n�d�t�h�e�A�L�o�o�p�s�i�g�n�a�t�u�r�e�a�t �U�1�2�2�0�A�p�i�n �1 �(�P�C�H�O�)�. �I�f �a�l�l �s�i�g�n�a�t�u�r�e�s�a�r�e�c�o�r�r�e�c�t �c�h�e�c�k
�U�1�2�2�0�A�. �I�f �t�h�e�A�L�o�o�p�s�i�g�n�a�t�u�r�e�a�t �p�i�n �1 �o�f �U�1�2�2�0�A�i�s �i�n�c�o�r�r�e�c�t �t�r�o�u�b�l�e�s�h�o�o�t �t�h�e�a�p�p�r�o�p�r�i�a�t�e�c�i�r�c�u�i�t�s �u�s�i�n�g�A
�L�o�o�p�s�i�g�n�a�t�u�r�e �a�n�a�l�y�s�i�s�.

�I�n �t�h�e �B�L�o�o�p�m�o�d�e�, �c�h�e�c�k �t�h�e �s�i�g�n�a�t�u�r�e �a�t �U�1�2�2�0�B�p�i�n �9 �(�P�7�7�2�) �a�n�d�p�i�n �8�(�2�9�9�6�)�. �I�f �e�i�t�h�e�r �o�r �b�o�t�h �o�f
�t�h�e�s�e�s�i�g�n�a�t�u�r�e�s �a�r�e�i�n�c�o�r�r�e�c�t �c�h�e�c�k �t�h�e�s�i�g�n�a�t�u�r�e�a�t �U�1�2�2�0�B�p�i�n �6�(�3�3�0�H�) �u�s�i�n�g�A�L�o�o�p�s�i�g�n�a�t�u�r�e �a�n�a�l�y�s�i�s�.
�I�f �t�h�i�s �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �u�s�e�t�h�e�A�L�o�o�p�s�i�g�n�a�t�u�r�e�s �t�o �f�i�n�d �t�h�e �p�r�o�b�l�e�m�.

�C�h�e�c�k�t�h�e�s�i�g�n�a�l�, �o�r�i�g�i�n�a�t�i�n�g �f�r�o�m�H�F�S�Q�, �a�t �p�i�n �5�o�f �U�1�2�2�0�B�. �I�f �t�h�i�s �s�i�g�n�a�l �i�s �i�n�c�o�r�r�e�c�t �t�r�a�c�e�t�h�e�s�i�g�n�a�l
�w�i�t�h �a�n �o�s�c�i�l�l�o�s�c�o�p�e�. �O�r �c�h�e�c�k �U�1�2�2�0�.

�A�s�s�u�m�i�n�g �U�1�2�2�0�B�i�s �o�p�e�r�a�t�i�n�g �p�r�o�p�e�r�l�y �c�h�e�c�k �t�h�e �c�o�u�n�t�e�r�s �U�1�1�2�0 �p�i�n �1�2 �(�3�5�F�5�)�, �U�1�1�1�0 �p�i�n �1�2
�(�F�O�5�2�)�, �U�1�1�3�2 �p�i�n �1�2 �(�4�U�F�A�)�, �a�n�d �U�1�1�3�0�p�i�n �1�2 �(�6�P�2�7�)�. �I�f �a�l�l �o�f �t�h�e �a�b�o�v�e �s�i�g�n�a�t�u�r�e�s �a�r�e �i�n�c�o�r�r�e�c�t �c�h�e�c�k
�U�1�1�2�0�, �U�1�1�1�0�, �U�1�1�3�2�a�n�d �U�1�1�3�0�f�o�r �p�r�o�p�e�r �s�i�g�n�a�t�u�r�e�s �o�n �p�i�n�s �1�1�(�P�7�7�2�)�. �T�h�i�s �i�s �t�h�e �L�o�a�d �S�i�g�n�a�t�u�r�e �f�o�r
�e�a�c�h�c�o�u�n�t�e�r�. �I�f �a�n�y �o�f �t�h�e�s�e �s�i�g�n�a�t�u�r�e�s �a�r�e �i�n�c�o�r�r�e�c�t �a�n�o�p�e�n�p�a�t�h �t�o �U�1�2�2�0�B�p�i�n �9 �m�a�y�e�x�i�s�t�.

�N�o�w�c�h�e�c�k �A�L�o�o�p�s�i�g�n�a�t�u�r�e�s �f�o�r �t�h�e�c�o�u�n�t�e�r�s�. �T�h�e�y �a�r�e�:

�S�i�g�n�a�t�u�r�e�T�a�b�l�e �1
� 

� � 

� 

� 

� 

�D�e�v�i�c�e �P�i�n �1 �P�i�n �9 �P�i�n �1�0 �P�i�n �1�5

�U�1�1�3�0 �F�F�6�5 �U�3�1�9 �P�6�3�2 �9�8�F�C

�U�1�1�3�2 �7�F�F�6 �9�U�3�1 �3�P�6�3 �U�9�8�F

�U�1�1�1�0 �P�4�1�5 �4�U�8�P �7�1�H�3 �F�U�9�8

�U�1�1�2�0 �A�H�P�P �6�3�U�H �F�Z�U�A �C�5�1�3
� � � � � 

�I�f �a�n�y �o�f �t�h�e�a�b�o�v�e�s�i�g�n�a�t�u�r�e�s �a�r�e �i�n�c�o�r�r�e�c�t �t�r�a�c�e �t�h�e�p�r�o�b�l�e�m�u�s�i�n�g �t�h�e�A�L�o�o�p�s�i�g�n�a�t�u�r�e�s�. �C�h�e�c�k �t�h�e
�r�i�p�p�l�e �c�l�o�c�k �o�u�t�p�u�t �o�f �e�a�c�h�c�o�u�n�t�e�r �w�i�t�h �a�n �o�s�c�i�l�l�o�s�c�o�p�e�.

�S�i�g�n�a�t�u�r�e�T�a�b�l�e �2
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�A�p�p�r�o�x�i�m�a�t�e �A�p�p�r�o�x�i�m�a�t�e
�C�i�r�c�u�i�t �N�u�m�b�e�r �p�u�l�s�e�w�i�d�t�h �p�u�l�s�e �p�e�r�i�o�d

�U�1�1�3�0�p�i�n �1�3 �2 �u�s �4�0�0�u�s

�U�1�1�3�2�p�i�n �1�3 �2 �u�S �7 �m�s

�U�1�1�1�0�p�i�n �1�3 �2 �u�s �1�1�0�m�s

�U�1�1�2�0�p�i�n �1�3 �2 �u�s �3�0�0�m�s

�(�o�n�c�e�p�e�r �B�L�o�o�p�c�y�c�l�e�)
� � � 

�T�e�x�t �c�o�n�t�i�n�u�e�d �o�n �n�e�x�t �p�u�l�l�o�u�t�.

� � � 



�I�n �t�h�e �B�L�o�o�p�m�o�d�e�c�h�e�c�k �U�1�2�3�0�p�i�n �6�(�8�9�U�3�)�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e �i�s �d�e�f�e�c�t�i�v�e�c�h�e�c�k �U�1�2�3�0�. �C�h�e�c�k �t�h�e
�i�n�p�u�t�s �t�o �U�1�2�3�0�, �p�i�n �1 �(�3�5�F�5�)�, �p�i�n�2�(�F�O�5�2�)�, �p�i�n�4�(�4�U�F�A�) �a�n�d�p�i�n�5�(�6�P�2�7�)�. �C�h�e�c�k �U�1�2�2�2�A�p�i�n �1 �(�4�7�1�7�)�. �I�f �t�h�e
�s�i�g�n�a�t�u�r�e�i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k�U�1�2�2�2�p�i�n�2�(�8�9�U�3�) �a�n�d�p�i�n�3�(�0�0�0�0�, �l�o�g�i�c �l�o�w�)�. �I�f �t�h�e�s�i�g�n�a�t�u�r�e�a�t �p�i�n �2�o�f �U�1�2�2�2
�i�s �i�n�c�o�r�r�e�c�t �o�p�e�n�t�h�e �p�a�t�h�t�o �U�1�2�3�0�, �p�i�n �6�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e �a�t �U�1�2�2�2�p�i�n �3�i�s �i�n�c�o�r�r�e�c�t �a�p�r�o�b�l�e�m�r�e�l�a�t�e�d �t�o
�t�h�e �R�e�f�e�r�e�n�c�e�C�o�u�n�t�e�r �e�x�i�s�t�s�. �A�l�s�o�c�h�e�c�k �U�1�2�2�2�. �U�s�e�o�t�h�e�r �m�e�t�h�o�d�s �o�f �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g�.

�S�I�N�E�S�H�A�P�E�R�(�A�8�0�)

�M�a�k�e�c�e�r�t�a�i�n �d�i�r�e�c�t�i�o�n�s �u�n�d�e�r �O�p�e�n�i�n�g�t�h�e �S�i�n�e �S�h�a�p�e�r �B�o�a�r�d �L�o�o�p�h�a�v�e�b�e�e�n�c�o�m�p�l�e�t�e�d�. �U�s�i�n�g�a�n
�o�s�c�i�l�l�o�s�c�o�p�e �c�h�e�c�k �t�h�e �c�l�o�c�k �a�n�d �l�o�a�d �p�u�l�s�e�s �f�o�r �t�h�e �c�o�u�n�t�e�r�s�. �T�h�e�c�l�o�c�k �p�u�l�s�e�s �a�p�p�e�a�r �o�n�p�i�n �5 �o�f �U�1�4�0�0
�a�n�d�p�i�n�3�o�f �U�1�5�1�1�. �T�h�i�s �p�u�l�s�e�i�s �s�i�m�i�l�a�r �t�o�t�h�e�H�F�S�Q�s�i�g�n�a�l�. �O�n�p�i�n�s �1�1�o�f �U�1�4�0�0�, �U�1�4�1�1�, �U�1�5�0�0�a�n�d�U�1�6�1�0
�a�r�e�t�h�e�l�o�a�d �p�u�l�s�e�s�. �T�h�e�y�a�r�e�n�e�g�a�t�i�v�e�g�o�i�n�g�a�p�p�r�o�x�i�m�a�t�e�l�y �1�0�0�n�s�w�i�d�e�w�i�t�h�a�3�5�u�s �p�e�r�i�o�d�. �I�f �t�h�e�s�e�p�u�l�s�e�s
�a�r�e�p�r�e�s�e�n�t �a�n�d�a�l�l �o�f �t�h�e�A�L�o�o�p�s�i�g�n�a�t�u�r�e�s �f�o�r �t�h�e �i�n�p�u�t�s �t�o�t�h�e�s�e�c�o�u�n�t�e�r�s �a�r�e�c�o�r�r�e�c�t �c�h�e�c�k �U�1�5�1�1�p�i�n �5
�(�U�P�3�4�)�. �I�f �t�h�e�s�i�g�n�a�t�u�r�e�i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�6�1�0�p�i�n �6�(�1�4�0�2�)�, �U�1�5�0�0�p�i�n �1�2�(�5�H�F�7�)�, �U�1�4�1�1�p�i�n �1�2�(�F�F�O�H�)�,
�U�1�4�0�0�p�i�n �2 �(�5�H�C�F�) �a�n�d �p�i�n �1�2 �(�3�8�H�F�)�. �I�f �t�h�e�s�e �s�i�g�n�a�t�u�r�e�s �a�r�e �i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�4�0�0�, �U�1�4�1�1�, �U�1�5�0�0�o�r
�U�1�6�1�0�. �A�l�s�o �c�h�e�c�k �U�1�5�1�0 �p�i�n �1�2 �(�A�U�4�4�)�. �I�f �t�h�e �s�i�g�n�a�t�u�r�e �i�s �i�n�c�o�r�r�e�c�t �c�h�e�c�k �U�1�5�1�0 �p�i�n �1 �(�1�4�C�2�)�, �p�i�n �2
�(�S�H�C�F�)�.

�I�f �t�h�e�s�e �s�i�g�n�a�t�u�r�e�s �a�r�e �c�o�r�r�e�c�t �d�i�s�c�o�n�n�e�c�t �p�i�n �1�3 �o�f �U�1�5�1�0�. �C�h�e�c�k �t�h�e �s�i�g�n�a�t�u�r�e �a�t �U�1�5�1�0 �p�i�n �1�2
�(�9�U�9�4�)�. �I�f �s�i�g�n�a�t�u�r�e�s �a�r�e �i�n�c�o�r�r�e�c�t �s�u�s�p�e�c�t �U�1�5�1�1�o�r �U�1�5�1�0�.
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�S�T�O�P�[ �1�0 �T�P�1�3�3�2�.

�R�E�V�J�U�N�1�9�8�2

�S�H�A�D�E�D �S�I�C�N�A�T�U�R�E�S �O�N �U�1�4�4�G
�A�R�E �D�O�N�E �W�I�T�H �S�T�A�R�T�T

�A�N�D �S�T�O�P�| �T�Q �T�t�P�1�S�2�1�.
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�A�N�D �S�T�O�P�| �T�O�T�P�i�3�3�2�.

�S�H�A�D�E�R�S�I�C�N�A�T�U�R�E�S �O�N
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�A�N�O�s�t�o�r �[ �t�o �t�P�r�i�s�2�2�.

�S�i�g�n�a�t�u�r�e�F�i�g�. �2�. �C�P�U�t�e�s�t�, �C�P�U�b�o�a�r�d�.
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�i�n�f�o�r�m�a�t�i�o�n �i�n �y�o�u�r �o�r�d�e�r�: �P�a�r�t �n�u�m�b�e�r�, �i�n�s�t�r�u�m�e�n�t �t�y�p�e �o�r

�n�u�m�b�e�r�, �s�e�r�i�a�l �n�u�m�b�e�r�, �a�n�d �m�o�d�i�f�i�c�a�t�i�o�n �n�u�m�b�e�r �i�f �a�p�p�l�i�c�a�b�l�e�.

�i�f �a�p�a�r�t �y�o�u�h�a�v�e�o�r�d�e�r�e�d �h�a�s�b�e�e�n �r�e�p�l�a�c�e�d�w�i�t�h �a�n�e�w�o�r

�i�m�p�r�o�v�e�d �p�a�r�t�, �y�o�u�r �l�o�c�a�l �T�e�k�t�r�o�n�i�x�, �I�n�c�. �F�i�e�l�d �O�f�f�i�c�e �o�r

�r�e�p�r�e�s�e�n�t�a�t�i�v�e �w�i�l�l �c�o�n�t�a�c�t �y�o�u �c�o�n�c�e�r�n�i�n�g �a�n�y �c�h�a�n�g�e �i�n �p�a�r�t

�n�u�m�b�e�r�.

�C�h�a�n�g�e �i�n�f�o�r�m�a�t�i�o�n�, �i�f �a�n�y�, �i�s �l�o�c�a�t�e�d �a�t �t�h�e �r�e�a�r �o�f �t�h�i�s

�m�a�n�u�a�l�.

�S�P�E�C�I�A�L�N�O�T�E�S�A�N�D�S�Y�M�B�O�L�S

�X�0�0�0 �P�a�r�t �f�i�r�s�t �a�d�d�e�d�a�t �t�h�i�s �s�e�r�i�a�l �n�u�m�b�e�r

�O�O�x�X �P�a�r�t �r�e�m�o�v�e�d �a�f�t�e�r �t�h�i�s �s�e�r�i�a�l �n�u�m�b�e�r

�F�I�G�U�R�E�A�N�D�I�N�D�E�X�N�U�M�B�E�R�S

�I�t�e�m�s �i�n �t�h�i�s �s�e�c�t�i�o�n �a�r�e �r�e�f�e�r�e�n�c�e�d �b�y �f�i�g�u�r�e �a�n�d �i�n�d�e�x

�n�u�m�b�e�r�s �t�o �t�h�e �i�l�l�u�s�t�r�a�t�i�o�n�s�.

�I�N�D�E�N�T�A�T�I�O�N�S�Y�S�T�E�M

�T�h�i�s �m�e�c�h�a�n�i�c�a�l �p�a�r�t�s �l�i�s�t �i�s �i�n�d�e�n�t�e�d �t�o �i�n�d�i�c�a�t�e �i�t�e�m

�r�e�l�a�t�i�o�n�s�h�i�p�s�. �F�o�l�l�o�w�i�n�g �i�s �a�n�e�x�a�m�p�l�e�o�f �t�h�e�i�n�d�e�n�t�a�t�i�o�n�s�y�s�t�e�m

�u�s�e�d �i�n �t�h�e�d�e�s�c�r�i�p�t�i�o�n �c�o�l�u�m�n�.

�1 �2 �3 �4 �5 �N�a�m�e�&�D�e�s�c�r�i�p�t�i�o�n

�A�s�s�e�m�b�l�y�a�n�d�/�o�r �C�o�m�p�o�n�e�n�t
�A�t�t�a�c�h�i�n�g�p�a�r�t�s �f�o�r �A�s�s�e�m�b�l�y�a�n�d�/�o�r �C�o�m�p�o�n�e�n�t

�»

�D�e�t�a�i�l �P�a�r�t �o�f �A�s�s�e�m�b�l�y�a�n�d�/�o�r �C�o�m�p�o�n�e�n�t

�A�t�t�a�c�h�i�n�g�p�a�r�t�s �f�o�r �D�e�t�a�i�l �P�a�r�t
�*

�P�a�r�t�s �o�f �D�e�t�a�i�l �P�a�r�t
�A�t�t�a�c�h�i�n�g�p�a�r�t�s �f�o�r �P�a�r�t�s �o�f �D�e�t�a�i�l �P�a�r�t

�A�t�t�a�c�h�i�n�g �P�a�r�t�s �a�l�w�a�y�s �a�p�p�e�a�r �i�n �t�h�e�s�a�m�e�i�n�d�e�n�t�a�t�i�o�n �a�s

�t�h�e�i�t�e�m�i�t �m�o�u�n�t�s�, �w�h�i�l�e�t�h�e�d�e�t�a�i�l �p�a�r�t�s�a�r�e�i�n�d�e�n�t�e�d�t�o�t�h�e�r�i�g�h�t�.

�I�n�d�e�n�t�e�d �i�t�e�m�s �a�r�e �p�a�r�t �o�f�, �a�n�d �i�n�c�l�u�d�e�d �w�i�t�h�, �t�h�e �n�e�x�t �h�i�g�h�e�r

�i�n�d�e�n�t�a�t�i�o�n�. �T�h�e�s�e�p�a�r�a�t�i�o�n�s�y�m�b�o�l  �  �  � �*  �  �  � �i�n�d�i�c�a�t�e�s�t�h�e�e�n�d�o�f

�a�t�t�a�c�h�i�n�g �p�a�r�t�s�.

�A�t�t�a�c�h�i�n�g�p�a�r�t�s �m�u�s�t �b�e�p�u�r�c�h�a�s�e�d�s�e�p�a�r�a�t�e�l�y�, �u�n�l�e�s�s�o�t�h�e�r�w�i�s�e

�s�p�e�c�i�f�i�e�d�.

�I�T�E�M�N�A�M�E

�I�n �t�h�e �P�a�r�t�s �L�i�s�t�, �a�n �I�t�e�m �N�a�m�e �i�s �s�e�p�a�r�a�t�e�d �f�r�o�m�t�h�e

�d�e�s�c�r�i�p�t�i�o�n �b�y �a �c�o�l�o�n �(�:�)�. �B�e�c�a�u�s�e�o�f �s�p�a�c�e�l�i�m�i�t�a�t�i�o�n�s�, �a�n �I�t�e�m

�N�a�m�e �m�a�y �s�o�m�e�t�i�m�e�s �a�p�p�e�a�r �a�s �i�n�c�o�m�p�l�e�t�e�. �F�o�r �f�u�r�t�h�e�r �I�t�e�m

�N�a�m�e�i�d�e�n�t�i�f�i�c�a�t�i�o�n�, �t�h�e�U�.�S�. �F�e�d�e�r�a�l �C�a�t�a�l�o�g�i�n�g�H�a�n�d�b�o�o�k�H�6 ��1

�c�a�n �b�e�u�t�i�l�i�z�e�d �w�h�e�r�e �p�o�s�s�i�b�l�e�.

�A�B�B�R�E�V�I�A�T�I�O�N�S

�" �I�N�C�H �E�L�C�T�R�N

�

_

�E�L�E�C�T�R�O�N
�# �N�U�M�B�E�R�S�I�Z�E �E�L�E�C �E�L�E�C�T�R�I�C�A�L
�A�C�T�R �A�C�T�U�A�T�O�R �E�L�C�T�L�T �E�L�E�C�T�R�O�L�Y�T�I�C
�A�D�P�T�R �A�D�A�P�T�E�R �E�L�E�M �E�L�E�M�E�N�T
�A�L�I�G�N �A�L�I�G�N�M�E�N�T �E�P�L �E�L�E�C�T�R�I�C�A�L�P�A�R�T�S�L�I�S�T
�A�L �A�L�U�M�I�N�U�M �E�Q�P�T �E�Q�U�I�P�M�E�N�T
�A�S�S�E�M �A�S�S�E�M�B�L�E�D �E�X�T �E�X�T�E�R�N�A�L
�A�S�S�Y �A�S�S�E�M�B�L�Y �F�I�L �F�I�L�L�I�S�T�E�R�H�E�A�D
�A�T�T�E�N �A�T�T�E�N�U�A�T�O�R �F�L�E�X �F�L�E�X�I�B�L�E
�A�W�G �A�M�E�R�I�C�A�N�W�I�R�E�G�A�G�E �F�L�H �F�L�A�T�H�E�A�D
�B�D �B�O�A�R�D �F�L�T�R �F�I�L�T�E�R
�B�R�K�T �B�R�A�C�K�E�T �F�R �F�R�A�M�E�o�r �F�R�O�N�T
�B�R�S �B�R�A�S�S �F�S�T�N�R �F�A�S�T�E�N�E�R
�B�R�Z �B�R�O�N�Z�E �F�T �F�O�O�T
�B�S�H�G �B�U�S�H�I�N�G �F�X�D �F�I�X�E�D
�C�A�B �C�A�B�I�N�E�T �G�S�K�T �G�A�S�K�E�T
�C�A�P �C�A�P�A�C�I�T�O�R �H�D�L �H�A�N�D�L�E
�C�E�R �C�E�R�A�M�I�C �H�E�X �H�E�X�A�G�O�N
�C�H�A�S �C�H�A�S�S�I�S �H�E�X�H�D �H�E�X�A�G�O�N�A�L�H�E�A�D
�C�K�T �C�I�R�C�U�I�T �H�E�X�S�O�C

 �

�H�E�X�A�G�O�N�A�L�S�O�C�K�E�T
�C�O�M�P �C�O�M�P�O�S�I�T�I�O�N �H�L�C�P�S �H�E�L�I�C�A�L�C�O�M�P�R�E�S�S�I�O�N
�C�c�o�N�N �C�O�N�N�E�C�T�O�R �H�L�E�X�T �H�E�L�I�C�A�L�E�X�T�E�N�S�I�O�N
�c�o�v �C�O�V�E�R �H�V �H�I�G�H�V�O�L�T�A�G�E
�C�P�L�G �C�O�U�P�L�I�N�G �1�C �I�N�T�E�G�R�A�T�E�D�C�I�R�C�U�I�T
�C�R�T �C�A�T�H�O�D�E�R�A�Y�T�U�B�E �I�D �I�N�S�I�D�E�D�I�A�M�E�T�E�R
�D�E�G �D�E�G�R�E�E �I�D�E�N�T �I�D�E�N�T�I�F�I�C�A�T�I�O�N
�D�W�R �D�R�A�W�E�R �I�M�P�L�R �I�M�P�E�L�L�E�R

�I�N �I�N�C�H �S�E �S�I�N�G�L�E�E�N�D
�I�N�C�A�N�D �I�N�C�A�N�O�D�E�S�C�E�N�T �S�E�C�T �S�E�C�T�I�O�N
�I�N�S�U�L �I�N�S�U�L�A�T�O�R �S�E�M�I�C�O�N�O�S�E�M�I�C�O�N�D�U�C�T�O�R
�I�N�T�L �I�N�T�E�R�N�A�L �S�H�L�D �S�H�I�E�L�D
�L�P�H�L�O�R �L�A�M�P�H�O�L�D�E�R �S�H�L�D�R �S�H�O�U�L�D�E�R�E�D
�M�A�C�H �M�A�C�H�I�N�E �S�K�T �S�O�C�K�E�T
�M�E�C�H �M�E�C�H�A�N�I�C�A�L �S�L �S�L�I�D�E
�M�T�G �M�O�U�N�T�I�N�G �S�L�F�L�K�G �S�E�L�F ��L�O�C�K�I�N�G
�N�I�P �N�I�P�P�L�E �S�s�L�V�v�G �S�L�E�E�V�I�N�G
�N�O�N�W�I�R�E �N�O�T�W�I�R�E�W�O�U�N�D �S�P�R �S�P�R�I�N�G
�O�B�D �O�R�D�E�R�B�Y�D�E�S�C�R�I�P�T�I�O�N �s�o �S�Q�U�A�R�E
�O�D �O�U�T�S�I�D�E�D�I�A�M�E�T�E�R �S�S�T �S�T�A�I�N�L�E�S�S�S�T�E�E�L
�O�V�H �O�V�A�L�H�E�A�D �S�T�L �S�T�E�E�L
�P�H�B�R�Z �P�H�O�S�P�H�O�R�B�R�O�N�Z�E �S�W �S�W�I�T�C�H
�P�L �P�L�A�I�N�o�r �P�L�A�T�E �T �T�U�B�E
�P�L�S�T�C �P�L�A�S�T�I�C �T�E�R�M �T�E�R�M�I�N�A�L
�P�N �P�A�R�T�N�U�M�B�E�R �T�H�O �T�H�R�E�A�D
�P�N�H �P�A�N�H�E�A�D �T�H�K �T�H�I�C�K
�P�W�R �P�O�W�E�R �T�N�S�N �T�E�N�S�I�O�N
�R�C�P�T �R�E�C�E�P�T�A�C�L�E �T�P�G �T�A�P�P�I�N�G
�R�E�S �R�E�S�I�S�T�O�R �T�R�H �T�R�U�S�S�H�E�A�D
�R�G�D �R�I�G�I�D �V �V�O�L�T�A�G�E
�R�L�F �R�E�L�I�E�F �V�A�R �V�A�R�I�A�B�L�E
�R�T�N�R �R�E�T�A�I�N�E�R �W�/ �W�I�T�H
�S�C�H �S�O�C�K�E�T�H�E�A�D �W�S�H�R �W�A�S�H�E�R
�s�C�o�O�P�E �O�S�s�C�c�I�L�L�O�S�s�C�o�P�E �X�F�M�R �T�R�A�N�S�F�O�R�M�E�R
�S�C�R �S�C�R�E�W �X�S�T�R �T�R�A�N�S�I�S�T�O�R

�1�1 ��1



�R�e�p�l�a�c�e�a�b�l�e�M�e�c�h�a�n�i�c�a�l �P�a�r�t�s ��F�G�5�0�1�0

�C�R�O�S�S�I�N�D�E�X ��M�F�R�. �C�O�D�E�N�U�M�B�E�R�T�O�M�A�N�U�F�A�C�T�U�R�E�R

� 
�M�t�r�. �C�o�d�e �M�a�n�u�f�a�c�t�u�r�e�r �A�d�d�r�e�s�s �C�i�t�y�, �S�t�a�t�e�, �Z�i�p

�0�0�7�7�9 �A�M�P�, �I�N�C�. �P �O�B�O�X �3�6�0�8 �H�A�R�R�I�S�B�U�R�G�, �P�A �1�7�1�0�5
�0�1�5�3�6 �C�A�M�C�A�R�D�I�V �O�F �T�E�X�T�R�O�N�I�N�C�. �S�E�M�S

�P�R�O�D�U�C�T�S �U�N�I�T �1�8�1�8 �C�H�R�I�S�T�I�N�A �S�T�. �R�O�C�K�F�O�R�D�, �I�L �6�1�1�0�8
�0�6�9�1�5 �R�I�C�H�C�O�P�L�A�S�T�I�C �C�O�. �5�8�2�5 �N�. �T�R�I�P�P�A�V�E�. �C�H�I�C�A�G�O�, �I�L �6�0�6�4�6
�0�9�9�2�2 �B�U�R�N�D�Y �C�O�R�P�O�R�A�T�I�O�N �R�I�C�H�A�R�D�S �A�V�E�N�U�E �N�O�R�W�A�L�K�, �C�T �0�6�8�5�2
�2�2�5�2�6 �B�E�R�G�E�L�E�C�T�R�O�N�I�C�S�, �I�N�C�. �Y�O�U�K�E�X�P�R�E�S�S�W�A�Y �N�E�W�C�U�M�B�E�R�L�A�N�D�, �P�A �1�7�0�7�0
�2�3�0�5�0 �P�R�O�D�U�C�T �C�O�M�P�O�N�E�N�T�S �C�O�R�P �3�0 �L�O�R�R�A�I�N�E �A�V�E�. �M�T �V�E�R�N�O�N�, �N�Y �1�0�5�5�3
�2�6�3�6�5 �C�R�I�E�S �R�E�P�R�O�D�U�C�E�R�C�O�.�, �D�I�V�. �O�F �C�O�A�T�S

�A�N�D�C�L�A�R�K�, �I�N�C�. �1�2�5 �B�E�E�C�H�W�O�O�D�A�V�E�. �N�E�W�R�O�C�H�E�L�L�E�, �N�Y �1�0�8�0�2
�7�0�3�1�8 �A�L�L�M�E�T�A�L �S�C�R�E�W�P�R�O�D�U�C�T�S �C�O�.�, �I�N�C�. �8�2�1 �S�T�E�W�A�R�T �A�V�E�. �C�A�R�D�E�N�C�I�T�Y�, �N�Y �1�1�5�3�0
�7�1�7�8�5 �T�R�W�, �C�I�N�C�H�C�O�N�N�E�C�T�O�R�S �1�5�0�1 �M�O�R�S�E �A�V�E�N�U�E �E�L�K �G�R�O�V�E �V�I�L�L�A�G�E�, �I�L �6�0�0�0�7
�7�3�8�0�3 �T�E�X�A�S �I�N�S�T�R�U�M�E�N�T�S�, �I�N�C�.�, �M�E�T�A�L�L�U�R�G�I�C�A�L

�M�A�T�E�R�I�A�L�S �D�I�V�. �3�4 �F�O�R�E�S�T �S�T�R�E�E�T �A�T�T�L�E�B�O�R�O�, �M�A�0�2�7�0�3
�8�0�0�0�9 �T�E�K�T�R�O�N�I�X�, �I�N�C�. �P �0 �B�O�X �5�0�0 �B�E�A�V�E�R�T�O�N�, �O�R �9�7�0�7�7
�8�3�3�8�5 �C�E�N�T�R�A�L �S�C�R�E�W�C�O�. �2�5�3�0 �C�R�E�S�C�E�N�T �D�R�. �B�R�O�A�D�V�I�E�W�, �I�L �6�0�1�5�3
�8�6�4�4�5 �P�E�N�N�F�I�B�R�E �A�N�D �S�P�E�C�I�A�L�T�Y �C�O�.�, �I�N�C�. �2�0�3�2 �E�. �W�E�S�T�M�O�R�E�L�A�N�D�S�T�. �P�H�I�L�A�D�E�L�P�H�I�A�, �P�A �1�9�1�3�4
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�A�8�O�R�1�L�O�4�0 �3�1�5 ��0�1�3�1 ��0�0 �R�E�S�. �,�F�X�D�,�C�M�P�S�N�: �1�3�0 �O�H�M�,�5�%�,�0�.�2�5�W �1�4

�A�8�S�O�R�L�1�1�0�8 �3�1�5 ��0�1�3�1 ��0�0 �R�E�S�.�, �F�X�D�,�C�M�P�S�N�: �1�3�0 �O�H�M�,�5�%�,�0�. �2�5�W �1�6

�A�8�O�R�1�1�0�9 �3�1�5 ��0�8�2�0 ��0�0 �R�E�S�.�, �F�X�D�,�C�M�P�S�N�:�8�2 �O�H�M �0�. �2�5�W �1�6

�S�C�H�E�M�A�T�I�C �C�H�A�N�G�E�S

�D�I�A�G�R�A�M�<�>�A�D�D�R�E�S�S�D�E�C�O�D�E�R

�P�i�n�s �5 �a�n�d �6 �o�f �U�1�6�0�0�B �s�h�o�u�l�d �b�e �r�e�v�e�r�s�e�d�.
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�u�w�! �O

�3 �_ �I � �C�L
�s�t�m �& �c�a�m�~�m�a�g�e �8 �U�1�5�4�1�G �2 �5�~ �%�, �i �M�C�1�4�1�3 �o ��+�a�j �, �~ �3 �7�p�m �i�g �E �~�*

�" �e�v �c�i�g�a�r �h�o �| �R�1�S�4�1
�i�t �+�1�6�v �> �# �1 �o�o�k �H�g�( �U�1�5�4�1�A �V�, �b�o

�1

�|�Q
�, �"�9�; �i �A�M�p�L�F�I�E�R �| �|  ��o�a�k�s �A�a�_ �| �u�i�s�» �*�" �I�|�G�,

�( �E�1�2�1�2 �* �C �0
 ��r�1�i�2�1 �1�2�1�2 �C�i�2�Z�2�3 �1 �O �I ��R�1�2�1�2 �a �c�r�i�2�1�2 �1�a�. �F �:

�9�0 �O�«�1�, �F �| �U�1�5�4�2 ��1�3  ��p � �1�5 �G �O�t
�| �R�1�2�p�1 �H �W�i�p�e �Q�1�2�2�1 �U�1�5�4�1�C �a�s �C�3
�j �L �" �R�1�2�2�4 �3 �n�o�l�e�r�s �p�a�l �D�u�s�s �+�J�u�1�s�4�2 ��1�2 �1�4 �A �r�a

�"�T�a�l �\  � �w�l�l�l �i�t �U�1�5�4�1�0 �[�a�e�]�E�1�3�1�1 �"�P �& �M�C�1�4�1�3 �| �1 �N
�i�f �l�a�l �/ �u�U�1�5�4�2 ��1�1 �4 �1�3 �£�9

�"�3�2�° �* �& �v�i�a�a�i�n �_�_ � � � �R
�m�C�i�4�1�3 �[�<�=

�v�r�i�2�2�n �. �4�]�>�o�!�% �q�a �_ �K�1�4�3�2 �p�4
�n�v �U �c

�q�1�3�1�1 �| �2�s�]
�a

�C�O
�M�A�, �a�a�s �&

�U�1�4�4�1�E �U
�B�P �M�C�1�4�1�3 �| �C �J
�= �§�]�o�!�2 �B �7�J �p
�® �v�r�i�s�n�s �T

�V �1�4�4�1�6 �e �|�o�n�D�o �M�C�1�4�1  � � ��, �j�u�e
�7 �1�0 �A �. �K�1�3�3�3 �V�; �&
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 � �C�_ �o�v�r�e�u�t �"�3�6 �~

�[ �@�[ �[ �[ �] �I�f�, �1�3�3�1�8 �=�p
�\ �o�*  ��o

�|

�o�* �o�| �o�*  ��o�| �o�* �0�1 �o � �p
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�|

�| �| �| �a�n�s�s �| �1 �|
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�| �| �| �a�n�e�e �| �| �| �,  � �i�~�. �| �e
�8 �{ �C�i�2�3�2

�T�K�1�s�3�1�S�s �; �K�1�4�3�3�5 �K�1�4�3�2�5 �f �K�1�3�3�3�S �, �q�1�6�0�1 �@ �>
�v�R�i�S�S�1 �r�a�g

�1�0�v �(�e�l
�2 �* �P�1�3�1�0 ��6�A �\ �3

�i �&�K�1�2�3�1�5�8�< �R�S �_�M�A�C�L�A�T�C�H�s�t�R�o�B�E  � �(�t�a�| �a
�R
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�T�e�k�k�t�r�o�n�b�e �M�A�N�U�A�L�C�H�A�N�G�E�I�N�F�O�R�M�A�T�I�O�N

�C�O�M�M�I�T�T�E�D�T�O�E�X�C�E�L�L�E�N�C�E �D�a�t�e�: �7 ��2�0 ��8�2 �C�h�a�n�g�e�R�e�f�e�r�e�n�c�e�: �_�C�9�/�7�8�2

�P�r�o�d�u�c�t�: �F�G�S�O�1�O�0�_�2�0�M�H�Z �P�R�O�G�R�A�M�M�A�B�L�E �

_

�F�U�N�C�T�I�O�N�_�G�E�N�E�R�A�T�O�R�M�a�n�u�a�l �P�a�r�t �N�o�.�: �_�0�O�7�0 ��3�4�6�7 ��O�1

� 

�D�E�S�C�R�I�P�T�I�O�N
� 

� 

�E�f�f�e�c�t�i�v�e �S�e�r�i�a�l �N�u�m�b�e�r�: �B�O�l�1�0�3�0�0

�C�H�A�N�G�E�T�O�:

�A�6�O�C�R�1�3�2�3 �1�5�3 ��0�0�3�7 ��0�0 �S�E�M�I�C�O�N�D�D�E�V�I�C�E�, �S�I�L�I�C�O�N�S�I�G�N�A�L �P�R �#�4�6

�A�6�O�C�R�1�3�2�4 �1�5�3 ��0�0�3�7 ��0�0 �S�E�M�I�C�O�N�D�D�E�V�I�C�E�, �S�I�L�I�C�O�N�S�I�G�N�A�L �P�R

�T�h�e�s�e �d�i�o�d�e�s �a�r�e �l�o�c�a�t�e�d �o�n �s�c�h�e�m�a�t�i�c �&�y �e

�A�D�D�:

�I�n�s�u�l�a�t�i�n�g �w�a�s�h�e�r�, �3�8�6 ��1�1�3�0 ��0�0�, �u�n�d�e�r �A�4�0�O�Q�1�5�1�1�. �#�4�7

�P�a�g�e �1 �o�f �l
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�T�e�k�c�t�k�t�r�o�n�b�e �M�A�N�U�A�L�C�H�A�N�G�E�I�N�F�O�R�M�A�T�I�O�N

�C�O�M�M�I�T�T�E�D�T�O�E�X�C�E�L�L�E�N�C�E �D�a�t�e�: �_�2�1 �F�e�b�. �1�9�8�3 �C�h�a�n�g�e�R�e�f�e�r�e�n�c�e�: �_�_�C�1�7�/�0�2�8�3� 

� �P�r�o�d�u�c�t�: �_�F�G�5�0�1�0 �M�a�n�u�a�l �P�a�r�t �N�o�.�: �_�0�7�0�=�3�4�6�7 ��0�1

� 

�D�E�S�C�R�I�P�T�I�O�N

� 

� 

�E�F�F�N�O�; �A�L�L�M�A�N�U�A�L�S�P�R�I�N�T�E�D �"�F�E�B�1�9�8�3�"�.

�S�C�H�E�M�A�T�I�C�C�O�R�R�E�C�T�I�O�N�S

�A�S�O�R�1�5�1�1 �F�R�O�M�:

 �

�3�1�5 ��0�9�1�1 ��0�0 �R�E�S�,�F�X�D�, �C�M�P�S�N�: �9�1�0 �O�H�M�,�5�%�,�,�0�.�2�5�W

�T�o�: �3�1�5 ��0�1�2�2 ��0�0 �R�E�S�,�F�X�D�, �C�M�P�S�N�: �1�.�2 �K�, �5�%�, �0�.�2�5�W

�C�h�a�n�g�e �t�h�e �v�a�l�u�e �o�f �R�1�5�1�l�1 �o�n �S�c�h�e�m�a�t�i�c �&�O�U�T�P�U�T �A�M�P�L�I�F�I�E�R�A�N�D�A�T�T�E�N�U�A�T�O�R�S

�f�r�o�m�9�1�0 �Q�(�a�s �s�h�o�w�n �i�n �t�h�i�s �p�r�i�n�t�i�n�g�) �t�o �1�.�2 �K�. �S�c�h�e�m�a�t�i�c �G�r�i�d �l�o�c�a�t�i�o�n �i�s �C�/�7�.
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�T�e�k�t�r�o�n�b�e �M�A�N�U�A�L�C�H�A�N�G�E�I�N�F�O�R�M�A�T�I�O�N

�C�O�M�M�I�T�T�E�D�T�O�E�X�C�E�L�L�E�N�C�E �D�a�t�e�: �2�/�1�/�8�3 �C�h�a�n�g�e�R�e�f�e�r�e�n�c�e�: �C�1�7�/�1�8�3� 

� �P�r�o�d�u�c�t�: �F�G�5�0�1�0 �M�a�n�u�a�l �P�a�r�t �N�o�.�: �_�_�0�7�0 ��3�4�6�7 ��0�1

� 
�D�E�S�C�R�I�P�T�I�O�N

� 

�T�E�X�T�C�H�A�N�G�E�S

�P�A�G�E�5 ��5�: �P�e�r�f�o�r�m�a�n�c�e�C�h�e�c�k�P�r�o�c�e�d�u�r�e � �S�t�e�p�7

�C�h�a�n�g�e�t�o �r�e�a�d�:

�f�. �U�s�e�t�h�e �f�o�l�l�o�w�i�n�g �f�o�r�m�u�l�a �t�o �c�h�e�c�k �t�h�a�t �t�h�e �F�G�5�0�1�0

�p�h�a�s�e�a�c�c�u�r�a�c�y �i�s �+�3�° �o�r �l�e�s�s�f�o�r �f�r�e�q�u�e�n�c�i�e�s �<�5�0�0�k�H�z�:

�2�(�V�,�)  � �(�V�2�)  � �(�V�s�)
�h�a�s�e �=

�<�y

�1�8�0�°
�P�h�a�s�e

�=

 ��a�r�v�y  � �i�v�y�;

 �

�"�~ �1�6�9

�P�a�g�e �1 �o�f �1
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�0�0�0 ��2�7�7�5 ��0�0�D
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�T�e�k�t�r�o�n�b�e �M�A�N�U�A�L�C�H�A�N�G�E�I�N�F�O�R�M�A�T�I�O�N

� � 

� � 
� 

�C�O�M�M�I�T�T�E�D�T�O�E�X�C�E�L�L�E�N�C�E �D�a�t�e�: �_�_�1 ��1�3 ��8�3 �C�h�a�n�g�e�R�e�f�e�r�e�n�c�e�: �C�1�5�/ �1�8�3 �R�E�V

�P�r�o�d�u�c�t�: �F�G�5�0�1�0 �2�0 �M�H�Z �P�R�O�G�R�A�M�M�A�B�L�E �F�U�N�C�T�I�O�N�G�E�N�. �M�a�n�u�a�l �P�a�r�t �N�o�.�: �_�0�7�0 ��3�4�6�7 ��0�1

�D�E�S�C�R�I�P�T�I�O�N
� 

� 

�E�F�F�S�N�: �B�O�0�3�0�5�1�0

�R�E�A�S�O�N�: �T�o �i�m�p�r�o�v�e �t�h�e �O�F�F�S�E�T �G�A�I�N �c�o�n�t�r�o�l�s �c�e�n�t�e�r�i�n�g �c�a�p�a�b�i�l�i�t�y �a�n�d �t�o

�p�r�e�v�e�n�t �a�n�y �p�o�s�s�i�b�l�e �s�h�o�r�t�i�n�g �o�f �b�a�r�e �w�i�r�e�s �o�n �t�h�e �b�a�c�k �s�i�d�e �o�f

�t�h�e �O�U�T�P�U�T �A�M�P�L�I�F�I�E�R �B�O�A�R�D�.

�R�E�P�L�A�C�E�A�B�L�E �E�L�C�T�R�I�C�A�L �P�A�R�T�S �L�I�S�T �C�H�A�N�G�E�S

�C�H�A�N�G�E�:

�A�S�O�R�1�6�1�3

�

_

�F�R�O�M�: �3�2�1 ��0�1�7�7 ��0�0 �R�E�S�,�F�X�D�, �F�I�L�M�: �6�8�1 �O�H�M�, �1�%�,�0�. �1�2�5�W

�T�O�: �3�2�1 ��0�1�7�8 ��0�0 �R�E�S�,�F�X�D�,�F�I�L�M�: �6�9�8 �O�H�M�,

�A�S�5�O�R�1�6�2�1 �F�R�O�M�: �3�2�1 ��0�1�7�7 ��0�0 �R�E�S�,�F�X�D�,�F�I�L�M�: �6�8�1 �O�H�M�, �1�%�,�0�. �1�2�5�W

�T�O�:  � �3�2�1 ��0�1�7�8 ��0�0 �R�E�S�, �6�9�8 �O�H�M�,

�D�I�A�G�R�A�M�C�H�A�N�G�E�S

�D�I�A�G�R�A�M�&�} �O�F�F�S�E�T �G�E�N�E�R�A�T�O�R

�C�H�A�N�G�E�: �R�1�6�1�3 �(�l�o�c�a�t�i�o�n �I�1�) �t�o �6�9�8 �9�2�.

�R�1�6�2�1 �(�l�o�c�a�t�i�o�n �I�8�) �t�o �6�9�8 �8�.

�P�a�g�e �1 �o�f �1
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�0�0�0 ��2�7�7�5 ��0�0�D
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� � 

� � 
� 

� 

� 

�c�o�m�m�i�T�T�E�D�T�o�E�X�C�E�L�L�E�N�C�E �D�a�t�e�: �1�/�2�5�/�8�3 �C�h�a�n�g�e�R�e�f�e�r�e�n�c�e�: �_�_�_�C�1�6�8�/�1�8�3

�P�r�o�d�u�c�t�: �_�F�G �5�0�1�0 �M�a�n�u�a�l �P�a�r�t �N�o�.�: �0�7�0 ��3�4�6�7 ��0�1

�D�E�S�C�R�I�P�T�I�O�N

�E�F�F�S�N�:

 

�

�B�O�3�0�4�7�9

�R�E�A�S�O�N�F�O�R �C�H�A�N�G�E�: �T�o �i�m�p�r�o�v�e �a�m�p�l�i�t�u�d�e �a�c�c�u�r�a�c�y �p�e�r�f�o�r�m�a�n�c�e �o�v�e�r �s�p�e�c�i�f�i�e�d

�t�e�m�p�e�r�a�t�u�r�e �r�a�n�g�e�.

�R�E�P�L�A�C�E�A�B�L�E �E�L�E�C�T�R�I�C�A�L �P�A�R�T�S �C�H�A�N�G�E�S

�C�H�A�N�G�E�:

�A�5�0�U�1�0�4�1 �F�R�O�M�:

 

�

�1�5�6 ��0�1�5�8 ��0�1 �M�I�C�R�O�C�K�T�,�L�I�N�E�A�R�: �D�U�A�L �O�P�N�L �A�M�P�L

�T�O�: �1�5�6 ��1�8�4�3 ��0�0 �M�I�C�R�O�C�K�T�,�L�I�N�E�A�R�: �D�U�A�L �O�P�N�L �A�M�P�L
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�n�o�r�m�a�l�, �n�o�t �C�O�M�P�L�E�M�E�N�T�m�o�d�e�, �V�C�F�o�f�f�,

�S�y�m�m�e�t�r�y �=�5�0�%�.

�T�h�e�b�a�s�e�l�i�n�e �m�u�s�t �b�e�a�l�l�o�w�e�d �t�o �s�e�t�t�l�e �f�o�r �a�t �l�e�a�s�t
�4�.�5�u�s �b�e�f�o�r�e �m�e�a�s�u�r�i�n�g �$�a�c�c�u�r�a�c�y�.
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�R�e�s�o�l�u�t�i�o�n �1 �d�e�g�r�e�e

�2�d�i�g�i�t�s �p�l�u�s �s�i�g�n �f�o�r

�1�0�° �<�l�a�l �<�9�0�°

�1 �d�i�g�i�t �p�l�u�s �s�i�g�n �f�o�r
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�_ �(�P�h�a�s�e �L�o�c�k �M�o�d�e�) �S�p�e�c�i�f�i�c�a�t�i�o�n�s �a�p�p�l�y �f�o�r �a�m�b�i�e�n�t

�t�e�m�p�e�r�a�t�u�r�e�o�f �2�5�° �+�1�0�°�C�.

�P�r�o�g�r�a�m�m�e�d�p�h�a�s�e�i�s �$�d�i�f�f�e�r�e�n�c�e

�b�e�t�w�e�e�n�t�h�e �r�i�s�i�n�g �e�d�g�e�o�f �t�h�e
�t�r�i�g�g�e�r �o�u�t�p�u�t �a�n�d�t�h�e�r�i�s�i�n�g �e�d�g�e�o�f

�t�h�e �i�n�p�u�t �w�a�v�e�f�o�r�m�a�s �i�t �p�a�s�s�e�d

�t�h�r�o�u�g�h �t�h�e �t�r�i�g�g�e�r �t�h�r�e�s�h�o�l�d�.
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�N�o�t�e�: �C�o�m�p�l�e�m�e�n�t�i�n�g�t�h�e �o�u�t�p�u�t

�w�i�l�l �e�x�t�e�n�d �t�h�e �e�f�f�e�c�t�i�v�e �$�r�a�n�g�e�t�o

�+�1�8�0�°
� 

� 

� 

�A�c�c�u�r�a�c�y �+�(�2�° �+�5�%�o�f �s�e�l�e�c�t�e�d �v�a�l�u�e�) �w�h�e�n�f �<�3�4�k�H�z �I�n�t�e�r�n�a�l �t�i�m�e�d�e�l�a�y�s �l�i�m�i�t �p�h�a�s�e

�a�c�c�u�r�a�c�y �a�t �h�i�g�h�e�r �f�r�e�q�u�e�n�c�i�e�s�.
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�T�e�k�k�r�o�n�b�e �M�A�N�U�A�L�C�H�A�N�G�E�I�N�F�O�R�M�A�T�I�O�N

�C�O�M�M�I�T�T�E�D�T�O�E�X�C�E�L�L�E�N�C�E �D�a�t�e�:
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�1 �M�a�r�c�h �1�9�8�3 �C�h�a�n�g�e�R�e�f�e�r�e�n�c�e�: �_�M �5�0�0�7�3

�P�r�o�d�u�c�t�: �_�F�G�5�0�1�0 �M�a�n�u�a�l �P�a�r�t �N�o�.�: �_�0�7�0 ��3�4�6�7 ��0�1
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�R�E�A�S�O�N�F�O�R�C�H�A�N�G�E

�T�o �b�e�t�t�e�r �c�e�n�t�e�r �t�h�e �t�r�i�g�g�e�r �i�n�p�u�t �h�y�s�t�e�r�e�s�i�s �m�i�d�p�o�i�n�t�, �i�m�p�r�o�v�e �t�e�m�p�e�r�a�t�u�r�e

�s�t�a�b�i�l�i�t�y�, �a�n�d �e�l�i�m�i�n�a�t�e �p�o�t�e�n�t�i�a�l �E�3�2�2�e�r�r�o�r�.
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�A�7�0�O�R�1�0�3�8 �F�R�O�M�: �3�2�1 ��0�2�1�0 ��0�0 �R�E�S�,�F�X�D�,�C�M�P�S�N�: �1�.�5�K�, �.�1�2�5�W�, �1�%�,

�s �3�2�1 ��0�2�1�5 ��= ��0�0 �R�E�S�, �1�.�6�9�K�, �.�1�2�5�W�, �1�%

�A�7�Z�O�R�L�O�3�4 �F�R�O�M�: �3�2�1 ��0�2�1�5 ��0�0 �R�E�S�,�F�X�D�,�C�M�P�S�N�: �1�.�6�9�K�, �.�1�2�5�W�, �1�%�,
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�A�7�O�R�1�O�2�4 �3�1�5�=�0�1�0�3 ��0�0 �R�E�S�,�F�X�D�,�C�M�P�S�N�: �1�0�K�, �0�.�2�5�W�, �5�%

�i�n �t�e�p�e�e�s�t�r�u�c�t�u�r�e �f�r�o�m�t�h�e �c�a�t�h�d�G�e �o�f �V�R�1�O�2�3 �(�+�1�2�V�) �t�o �t�h�e �t�i�e�p�o�i�n�t �o�f

�C�R�1�0�2�1 �a�n�d �C�R�1�O�2�2�. �S�e�e�p�a�r�t�i�a�l �s�c�h�e�m�a�t�i�c �b�e�l�o�w�: �1�0�K

�T�h�e �6 �T�E�R�M�P�I�N�S �a�r�e �i�n�s�t�a�l�l�e�d �i�n �J�1�0�3�0 �&�J�1�0�3�2

�o�n �t�h�i�s �s�a�m�e �s�c�h�e�m�a�t�i�c�.
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