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WARRANTY

Wavetek warrants that all progucts manufactured by Wavetek conform 1o publishad
Wavetek specifications and are free from defects in materials and workmansghip for a period
of one {1) year from the date of delivery when used under normat operating conditions
and within tha service conditions for which they were furnished.

The obligation of Wavetek arising from a Warranty claim shall be limited to repairing, or
at its option, repiacing without charge, any product which in Wavetek's sole opinion proves
to be defective within the scope of the Warranty. In the event Wavelek is not able to modify,
repair or replace non-conforming defective parts or components to a condition as
warrantied within a reasonable time after receipt thereo!, Buyers shali be credited for their
value at the original purchase price.

Wavetek must be notified in writing of the defect or nonconformity within the Warranty
period and the affected product returned to Wavetek's factory or to an authorized service
cemter within (30} days after discovery of such defect or nonconformity.

For product warranties requiring return to Wavetek, products must be returned to a service
facility designated by Wavetek. Buyer shall prepay shipping charges, taxes, duties and
insurance for products returned to Wavetek for warranty service. Except for products
returned to Buyer from another country, Wavetek shall pay for return of products to Buyer.

Wavetek shall have no responsibility hereunder for any defect or damage caused by
improper storage, improper installation, vnauthorized modification, misuse, neglect,
inadeguate maintenance, accident or for any product which has been repaired or altered
by anyone other than Wavetek or its authorized representative and not in accordance with
instructions furnished by Wavetek.

Exclusion of Other Warranties

The Warranty described above is Buyer's sole and exclusive remedy and no other
warranty, whether written or oral, is expressed or implied. Wavetek specifically
disclaims the implied warranties of merchantability and fitness for a particular pur-
pose. No statement, representation, agreement, or ynderstanding, oral or written, made
by an agent, distributor, representative, or empioyee of Wavetek, which is not contained
in the foregoing Warranty will be binding upon Wavetek, unless made in writing and
execuled by an authorized Wavetek employee. Under no circumstances shall Wavetek
be liable for any direct, indirect, special, incidental, or consequential damages,
expenses, losses or delays (including loss of profits) based on contract, tori, or any
other legal theory.
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SAFETY FIRST

Protect yourself. Follow these precautions:

Don't touch the cutputs of the instrument or any exposed test wiring carrying the output
signals. This instrument can generate hazardous voltages and currenis.

Don't bypass the power cord's ground lead with two-wire extension cords or plug
adaptors.

Don't disconnect the green and yellow safety-earth-ground wire that connects the ground
lug of the power receptacle 1o the chassis ground terminal (marked with A or/1).

Don't hoid your eyes extremely close 1o an rf output for a iong time. The normally
nonhazargous low-power rf enargy generated by the instrument could possibly cause
eve injury.

Don't plug in the power cord until direcled to by the installation instructions.

Don‘t repair the instrument urless you are a qualified electronics technician and know
how to work with hazardous vellages.

Pay attention io the WARNING statements. They point out situations that can cause injury
or death.

Pay attention 1o the CAUTION statements. They point out situations that can cause eguip-
ment damage.

vii
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1.1 THE MODEL 191

Wavetek Model 191, a 20 MHz Pulse/Function
Generator, is a precision source of sine, triangie,
sguare and puise waveforms pius dc voltage. All
waveforms are variable from 0.002 Hz to 20 MHz and
can be externally modulated. Outputs can be con-
tinuows or can be triggered or gated by external signal
or front pane! switch. Yariable width and delay, single
or double pulses can be inverted or normal. Pulse and
square wave fixed baseline selectable may be varied
from fixed baseline to 15 Vp-p (7.5 Vp-p into 500}, An
internal burst generator gates main generator and
operates in continuous, triggered and gated modes.
Amplitude of the wavetorms is variable from 30 Vp-p
{15 Vp-p into 509) down to 1.5 mVp-p. DC reference of
the waveform can be offset positively or negatively.
Maximum 150 mA peak current can be continuously
varied over an 80 dB range. A sync output provides a
TTL level into 500,

1.2 SPECIFICATIONS

1.2.1 Main Generator

Waveforms
Selectable sine © | triangle v , sguare "L, pulses,
double pulses and dc.

Symmetry

With SYM on, waveforms may be varied to produce
sawtooth —" and variable duty cycle pulse L from
1:18 to 19:1.

NOTE

SYMMETRY and VERNIER controls affect
frequency catibration. Maximum possible
asymmetry is a function of frequency set-
ting.

When SYM control is used, indicated fre-
quency is divided by approximately 10.
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SECTION
GENERAL DESCRIPTION

Operational Modes

Function
Continuous: Generaior oscillates continuously at
selected freguency.

Triggered: Generator is quiescent until triggered by
external signal or manual trigger, then generates one
cycle at selected freguency.

Gated: As triggered mode, except generator
oscillates for the duration of gafe signal plus fime to
gomplete the last cycle.

Burst
internal burst generator gates main generator and
operates in continuous, triggered and gated modes.

Burst Rate: 1 Hz t0 5 MHz in 7 ranges.
Burst Width: 20 ns to 100 ms in 7 ranges.

Frequency Range
0.002 Hz to 20 MHz in § overlapping decade ranges
with approximately 1% of full scale vernier,

Function Qutput
", ., : and pulse selectable and variable to 30
Vp-p (15 Vp-p into 500). Pulse and 'L fixed baseline
selectable { f1 , ~ , <% } and can be inverted. ‘tr,
. can be varied from fixed baseling to 15Vpp
(7.5 Vp-p into 500). All waveforms and dc may be ai-
tenuated in 10 db steps to 70 dB with 10 dB vernier for
overall attenuation of 80 dB. 508 source impedance.

DC Qutput and DT Offset

Selectable thru function output BNC. Contralled by
front panel control with separate on-off switch. Ad-
justable between = 15 Vde (7.5 Vdc into S0) with
signal peak plus offset limitto =15 Vde (£ 7.5 Vdc in-
to 500). DC offset and outpui waveform attenuated
proportionately by 0 to 70 dB ocutput attenuatot.

Sync Qutput

A TTL level square wave synchronized to the main
generator. Duty cycle varies with symmetry control.
50Q source impedance.

1-1



Pulse/Square Cutput

A TTL level pulse or square wave whose transitions
are simultaneous with function output (square and
pulse only). 501 source impedance.

VCG—Voltage Controlled Generator

Up to 1000:1 frequency change with external 0 to
+ 5V signal. Upper frequency limited 1o maximum of
selected range.

Slew Rate: 2% of range per us.

Linearity: +£0.5% thru X 100K range. *5% on
x 1M and > 10M range.

Impedance: 10 k.

Trigger (and Gate) Input
Input Range: 1 Vp-p to =10V,

Trigger Level Adj: —5V to +5V.
impedance: 1.5 kQ shunted by 1.5 pF.
Pulse Width: 25 ns minimum.

Repetition Rate: Input Max Rep Rate
=1V 1 MHz
+25V 10 MHz

1.2.2 Pulss Generator

Pulse Modes

Normal Putse: Adjustable width pulse in phase with
puise sync output. Repetition rate is set by frequency
of main generator.

Pulse Delay: Pulse delayed with respect to pulse
sync ouiput. Pulse delay and pulse width adjustable.
Double Pulse: Two pulses for every period. Time be-
tween pulses and puise width adjustable.

Sync Delay: Pulse sync output delayed with respect
10 pulse output. Delay is adjustable.

NOTE

The preceeding Pulse Modes operate as
defined when the Function Mode is Con-
tinuous, Triggered or Gated. However,
Pulse Modes are not applicable in Burst
Mode.

Pulse Period Range
50 ns 1o 500 sec in 9 decade ranges.

Pulse Width
20 ns to 100 ms in 7 ranges.

Pulse or Sync Delay
0 ns to 100 ms in 7 ranges.

1-2
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Duty Cycle
Up to; 75% tor pulse widths > 100 ns; 50% for pulse
widths of 20 to 100 ns.

Pulse/Burst Sync Output

A TTL level pulse when terminated with 500,
Reference for pulses and bursts at function output
BNC and TTL puise BNC.

In pulse function mode {(normal pulse)and burst mode,
sync output is coincident with leading edge of
pulse/burst output and has width of 2010 60% of max-
imum selected pulse/burst width, exceptonthe 20to
100 ns range which will have a sync pulse width
between 10 and 30 ns.

NOTE
Also see Pulse Modes.

1.2.3 Fregquency Procision

Dial Accuracy
+ 3% of full scale from X 0.1 Hz to X1 MHz.
+ 5% of full scale on X 10M range.

1.2.4 Amplitude Precision

Amplitude Change with Frequency
Sine variation with frequency:

< =0.2 dB on all ranges thru

X 100K,

< 0.5 dB on x 1M range.

< +1.0dB on X 10M range.

Step Attenuator Accuracy
+ 0.3 dB with 10, 20 and 40 dB.
+ 0.6 dB with 30, 50 and 60 dB.
+ 0.9 dB with 70 dB setting.

1,25 Wavetorm Characteristics

Sine Distortion
<0.5% on X100, X 1K and X 10K.
<1.0% on X 0.1 10 x 100 ranges.

All harmonics 30 dB below fundamental on » 100K,
X 1M range, and 25 d8 below on x 10M range.

Square Wave and Pulse
Rise/Fail Time at Function Output BNC.
<15 ns (10% 1o 90%,).

Total Aberrations:
+ 5% of full amplitude.



Time Symmetry

Square wave variation from 0.1 to 2 on dial:
< +1% to 200 kHz.

< £10% 1o 20 MHz.

Triangle Linearity
»99% for 0.002 Hz to 200 kHz.

1.2.6 General

Stability

Main generator amplitude, frequency and dc offset.
After 2 hour warm-up:

=+ 0.05% for 10 minutes.

+ 0.25% for 24 hours.

Environmental
Specifications apply at 25°C +5% [nsirument
operates 0°C to +50°.

ManualsPlus.com

Dimensions
28.6 cm (11% in.) wige; 13.3 cm (5% in.) high; 28.6

am {11% in.} deep.

Weight
4.8 kg (10 Ib) net; 6.4 kg {14 Ib) shipping.

Power
1001 20/220i240V (+ 5%, —10%), 48 Hz to 66 Hz,
=95 VA,

NOTE

All specifications apply from 0.1 10 2.0 on
frequency dial, when FUNC QUT ampiitude
is maximum and 500 terminated, and with
SYM control OFF.



2.1 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspact all ex-
ternal parts for possible damage fo connectors, sur-
face areas, etc. If damage is discovered, file a claim
with the carrier who transported the unit. The shipping
container and packing material should be saved in
case reshipmeant is required.

2.2 ELECTRICAL INSTALLATION

221 Power Connaction

WARNING

To preclude injury or death due to shock,
the third wire earth ground must be con-
tinuous to the facility power outlet. Before
connecting to the facility power outlet,
examine extension cords, autotrans-
formers, etc., between the instrisment and
the facility power outlet for a continuous
earth ground path. The earth ground path
can be identified ai the plug on the insiru-
ment power cord; of the three terminals,
the earth ground terminal is the nonmatch-
ing shape, usually cylindrical.

CAUTION

To prevent damage to the instrument,
check for proper match of line and
instrument voltage and proper fuse type
and rating.

NOTE

Unless otherwise specified at the time of
purchase, this instrument was shipped
from the factory with the power irans-
former connected for operation on a 120
Vac line suppiy and with a */s amp fuse.

Conversion to other input voliages requires a change
in rear panel fuse holder voltage card position and
fuse {figure 2-1) according to the following procedure.

ManualsPlus.com

SECTION
INITIAL PREPARATION

Figure 2.1. Voltage Selector and Fuse

1 Disconnect the power cord at the instrument,
open fuse holder cover door and rotate fuse-pull
to left 1o remove the fuse.

5. Remove the small printed circuit board and
select operating voltage by orienting the printed
circuil board to pasition the desired voliage 1o
the top left side. Push the board firmly nio s
module slot.

9. Rotate the fuse-pull back into the normal posi-
tion and insert the correct fuse into the fuse
holder. Close the cover door.

4. {Connect the ac line cord to the mating ¢onnec-
tor at the rear of the unit and the power source.

Card Position input Vac Fuse
100 90 {0 105 e arnp
120 108 to 128 3+ amp
220 188 to 231 %y amp
240 216 to 252 e amp

2.2.2 Signal Connectlons

Use RG58U 500 coaxial cables equipped with BNC
connectors to distribute signats when connecting this
instrument fo asscciated equipment.

2.3 ELECTRICAL ACCEPTANCE CHECKOUT
This checkout procedure verifies the generator opera-
tion. If a malfunction is found, refer to the Warranty in .
the front of this manual. A dua! trace, 150 MHz band-
width oscilloscope with X 10 time base magnification.
a 500 load, a coaxia! tee and three 508 cables are re-
quired to perform this checkout.

2-1
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Set up as in figure 2-2 and preset the generatof front PULSE/SQUARE OUTPUT . . -

panel controls as follows. Perform fhe steps in {able INV . .. Normal {Extendéd)

2-1. POWER ... ... . .. . .. ... ... . ......0ON

Control Position

E%aéo. MULT ............................. 11 E OSCILLOSCOPE
""""""""""""""" VERT, CH1: SWDIV HORIZ SWP: 0.5 ms/DIV

\égi:leEHrSYM """"""""" F%igegfel;zgcev:i; CH2: 2viDIV TRIG MCDE: BC, EXT

MODE ........... . .v.......... CONT(FUNC)

TRIGLEVEL ... ... .. . ... .. .. 10 o'ciock MODEL 191 OSCILLOSCOPE

FUNCTION e e Ny

BC OFFSET (Oni0ff) ... . .. . OFF(Extended) r SYING ) FuNC 3 e

DC OFFSET (Variable Controf} . ... ... ... .....CCW out CH1 CH2

QUTPUTATTEN40,2G,10 . .. .. ... All Extended 500 [ )

AMPLITUDE .. ... . ... .. ........-MAX{cw) TERMINATION

PULSE DELAY (Range) ... .... .. .. 10ps10 100 us

PULSE DELAY {Verier} ... ... .. ... .... cow

PULSE {(Pushbuttons) . . ... . ... NORM {Pressed

PULSE ‘(NIDTH (Rang}e) e 1()#5(10100#3) Figure 2-2. Initial Checkout Setup

PULSE WIDTH {Vermier) ... ... . ............CW

Teble 2-1. Checkout Procadure

Step GControl Position/Operation Observation

1 Qscilloscope Trig tevel and slope, both pasitive. CH2: Square wave that begins on positive
going edge. CH1: 15 Vp-p sine wave.

2 Dial and Rotate aial full cw. vernier full cow. | CH2: Square wave remains in sync for all
VERNIER/SYM |Then the oppaosite. Return dial to 1.0, | dial positions. Range is greater than from
vernier to CAL. 2 Hz 1o 2000 Hz (1000:1).
3 FREQ MULTY Rotate to ali positions., Frequency is 1 X each range pasition.
Return to 1K position.
4 AMPLITUDE Set to 6 Vp-p ©N scope. CH1- Amplitude decreases to approximately
6 Vp-p.

5 DC OFFSET Depress DC OFFSET switch, then | Full CCW gives negative offset. Clipping occurs
rotate DC QFFSET Contro! GW. when the offset plus waveform peak amplitude
Release DC OFFSET to extended exceeds approximately +7.5V into 50Q.

(off) position at completion of this Initially the negative peak is clipped, but as
step. the DG offset is rotated cw the clipping of the
negative peak disappears and eventually the
positive peak begins 1o clip.

B AMPLITUDE Rotate cw. Waveform returns to 15 Vp-p.
7 OUTPUT Depress buttons in various Cutput leve! varies from 15 Vp-p
ATTN 10, 20, 40|combinations. Then reiease ali {0 dB) to 4.7 mV (70 dB}.
butions.
8 FUNCTION Rotate cow. Observe 0 Vdc level; v .~ and ‘L are
SelectDC v , v | L. 15 Vp-p. Note phase relationships;
Reset 1o v . N, in phase with v and " .

22
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Table 2. Checkout Procedurs {Cont)
Step Control Position/Qperation OCbservation
g SYM, Depress SYM switch and rotate Frequency decreases to approximaiely 100 Hz.
VERNIER/SYM. | VERNIER/SYM control cow. CCW of the 12 o'clock position gives 1:19;
Extend SYM. return VERNIER/SYM | CW gives 19:1 (a skewed sinewave and
to CAL. variable duty cycle pulses can be observed for
~,and L)
10 MODE and Seiect GATE. A dc tevel near zero volis (except "L function;
FUNCTION Select v, ~ . L. guiescent level is at negative peak value).
Return fo ™~ .
11 MANUAL Press, hold and release. A burst of ~ for the period the MAN TRIG
TRIGGER Return o FUNGC CONT. is depressed.

Set MODE to CONT (FUNC). (Al other controls will be as for intial setup.) Setup oscitioscope and Model 191
as shown in figure 2-3. Dispiay both channels.

MODEL 191

-

PULSE
SYNC OUT

OSCILLOSCOPE

]

CH1 CH2
'y

# TRIGGER

Figure 2.3. Pulse Checkout Setup

12 FUNCTION PULSE Pulse

13 AMPLITUDE Vary, then return cw. Upper and lower tevels vary from 0.5V 10 15 Vpp.

14 PULSE/SQUARE | Depress INV, then release INV. 180° phase inversion of pulse relative to
OUTPUT PULSE SYNC OUT.

15 Depress . Positive offset pulse +7.3V.

1B AMPLITUDE Vary, then return 16 full cw. Upper level varies, lower level remains fixed.

Full variation from 0.5V to +7.5 Vpp.

17 PULSE/SQUARE: Depress . . Negative offset pulse — 7.5 Vp-p.
QUTPUT

18 AMPLITUDE Vary, then return to full cw. Low level varies, upper tevel remains fixed.

Return to 1.

Full variation from 0.5Y to — 7.5 Vp-p.

The nexi 2 steps demonstrate maximum and minimurm pulse width range.

23
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Table 2-1. Checkout Procedure (Cont}
Step Control Position/Operation Observation
19 Dial 2.0
FREQ MULT 1
PULSE WIDTH | 10 ms - 100 ms.
Scope 20 ms/div.
PULSE WIDTH i Rotate cow, Cw. sinimum PULSE WIDTH at ccw; raximum
VERNIER PULSE WIDTH at cw.
20 Dial 2
FREQ MULT |10M
PULSE WIDTH {20 ns - 100 ns.
Scope 0.05 usidiv.
PULSE WIDTH | Rotate ccw, cw. Minimum PULSE WIDTH al cow; maximurm
VERNIER PULSE WIBTH af cw.
The next steps demonstrate maximum and minimum pulse delay range.
21 PULSE Depress PULSE DLY.
PULSE DELAY |0 ns-1C0 ns.
Scope 0.05 ps/div. Minimum PULSE DELAY from PULSE SYNC
PULSE DELAY |Rotate cow, cw. at cow: maxiraum PULSE DELAY from
VERNIER PULSE SYNC at cw.
22 Dial 2.0
FREQ MULT {1
PULSE WIDTH
PULSE DELAY 10 ms - 100 ms.
Scope 10 ms - 100 ms.
PULSE DELAY {20 ms/div. Minimum PULSE DELAY from PULSE SYNC
VERNIER Roiate ccw, CW. at cow: maximum PULSE DELAY from
PULSE SYNC at cw.
The next step demonsirates double puise.
23 Diai 0.5
FREQ MULT 10K
PULSE DBL pulse
PULSE WIDTH |10 ps - 100 ps
PULSE DELAY |10 us- 100 us
Scope G.05 msidiv.
PULSE WIDTH jcow '
VERNIER
PULSE DELAY | Rotate cw, cew
VERNIER Double Pulse — maximum delay of second

pulse from first pulse at cw. Second pulse
merges with first puise at cow.

The next step demonstrates sync delay.

2-4
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Table 2-1. Checkout Procedure (Continued)
Step Control Position/Operation Observation
24 | PULSE Depress SYNC DLY
Scope Trigger: INT CHANNEL 1 {FUNC

PULSE DELAY

QUT). Then return to EXT.
Rotate cow, cw.

Minimum SYNC DELAY from PULSE at cew.

VERNIER Maximurn SYNC DELAY from PULSE at cw.
The next step demonstrates burst control.
25 | MODE BURST CONT

FUNCTION 4w

Diaf 2.0

FREQ MULT 10K

BURST RATE 100 - 1K

BURST RATE | 12 o'clock.
VERNIER

BURST WIDTH | 100 us - 1 ms.

Scope 0.5 ms/div.

BURST WIDTH | Rotate cw, cow. Number of cycles in burst increases (ow) and
VERNIER decreases {cow).

Set up trigger source as shown in figure 2-4. Set trigger source for 200 Hz triangle 10 Vpp signal. Set scope
for one cycle of triggering waveform; display both channels. Setup Model 187 controls for initial setup except
set MODE to FUNC GATE.

26

TRIG LEVEL

Rotate throughout its range.
Return fo 10 o'clock.

The number of waveform cycles in each
gated “burst' varies with the trigger level.
Notice relationships between Channels 1 and
¢ waveforms as the TRIGGER LEVEL is
rotated.

27 | MODE Select FUNC TRIG A single triggered " recurring at the
200 Hz trigger rate.
28 | Dial 2.0
FREQ MULT M
MODE BURST GATED
BURST RATE 1K - 10K
BURST RATE 12 o'clock CW reduces number of bursts per gate.
VERNIER CCW increases number of bursts per gate.
BURSTWIDTH | 100 us - 1 ms
BURST WIDTH | 12 o'clock
VERNIER
MODE BURST TRIG A single triggered burst at 200 Hz trigger

rate.
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Lo

MODEL 191

QSCILLOSCOPE

GGER

TRIG
IN |
+500 TERMINATION -
FUNC OUT |
e o] FUNCTION
GENERATOR
SYNG OUT

Figure 2-4. Trigger Checkout Sefup
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3.1 CONTROLS AND CONNECTORS

The generator front panel controls and connectors
are shown in figure 3-1 and keyed to the fellowing

descriptions.

1 Frequency Dial — Settings under the dial index
mark sumnmed with VGG IN 19 and multiplied by
FREQ MULT 17 determine the output signal fre-
quency.

2 PULSE DELAY/BURST RATE Selector — 3
Quter coax knob setects one of seven ranges.
An inner coax knob, VERN!ER, controls the
delay or rate within each range.

ManualsPlus.com

SECTION
OPERATION

in pulse function, these controls set the delay of
the pulse at FUNC OUT 10 and PULSE/SQUARE
QUT 12 (PULSE DLY 4 depressed), or the delay
of the pulse at PULSE SYNC OUT 16 relative to
FUNCTION OUT 10 and PULSEfSQUARE OUT
12 {SYNC DLY 4 depressed). Pulse delay and
sync delay are variable between Ons 10 100 ms,

In burst modes, the BURST RATE and VERNIER
controls set the burst repetition rate. Repetition
varies between 1 Hz and 5 MHz.

SYM Pushbutton — When depressed, allows
the waveform symmetry to be varied from 19:1
to 1:19 by the VERNIER/SYM cenirol 17, {as a
result the generator frequency is divided by 10).

S, e
70 MHz ALILSE]

PULSE:
- SuTAUT

i 0086

YTRNIERS |

EREC WUMT iz
VERNIER | EYite

FURCTIGN —OLUTRUT l‘ITEN |¢3l"-|
O BSFEETS WSET ! ap

'\,\’\'m @ @00

AMPLITUBE
LT ,-r- b TASE o

\i

PUI.‘!I.I'W.\AIE out

20 19 18 17 18 15 14 13 12 11 10 g
Figure 3.1. Controls and Connectors
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When extended, the switch allows the generator
to produce normal {(50% duty cycle) waveforms.

PULSE Pushbuttons — Four mutually ex-
clusive switches that select either rormal pulse,
pulse delay, double puise or sync delay when
FUNCTION switch 13 is set to PULSE.

NORM — Selects a pulge at FUNC OUT 10 and
PULSE/SGQUARE OUT 12 in phase with PULSE
SYNG OUT 16. PULSE WIDTH 6 cantrols the
widih or the normal puise, and the frequency dial
4 and FREQ MULT 17 set the pulse repetition
rate,

PULSE DLY — Selects a pulse that is delayed
relative to PULSE SYNC CQUT 16. PULSE DELAY
2 controis the delay of the pulse, the frequency
dial 1 and FREQ MULT 17 control pulse repeti-
tion rate, and PULSE WIDTH 6 sets the width of
each pulse.

DBL PULSE — Selects two pulses for each
pulse period. In double pulse, PULSE DELAY 2
sets the start of the second pulse relative to the
first. The frequency dial 1 and FREQ MULT 17
controt the repetition rate for each pulse pair.
PULSE WIDTH 6 controls puise width of poth
pulses.

SYNC DLY — Selecis a variable delay sync
pulse at the PULSE SYNC QUT 16 relative 10
FUNG OUT 10 and PULSE/SQUARE OUT 12.
PULSE DELAY 2 controls the delay of ihe pulse
sync. Frequency diat 1 and FREQ MULT 17 set
repetition rate of the pulse.

MAN TRIG Pushbutton — Triggers of gates
the output signals when gene ratos mode is TRIG
or GATED 15. In function trigger mode, one
waveform cycte is output when the button is
pushed; in burst trigger mode, one burst. In func-
tion gated mode, waveform cycles are con-
tinuously output as long as the button is heid in;
in burst gated mode, burst are continuously out-
put.

PULSE WIDTH/BURST WIDTH — Outer coax
xnob selects one of seven decade ranges. Anin-
ner coax knob, VERNIER, controis the width
within each range. In pulse function PULSE
WIDTH sets the width of the pulse at FUNC OUT
10 and PULSE/SQUARE OUT 12.

10

11
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In burst modes, BURST WIDTH sets the burst
duration at FUNC OUT 10 and, in 'L function
only, at PULSE/SQUARE OUT 12.

PULSE/SQUARE OUTPUT — Selects the puise
amptitude symmetry relative to the baseline {ref:
figure 3-2}. With DG OFFSET 11 off, the baseline
is 0 volts. With DC OFFSET on, the baseline is
varied by the DC OFFSET control 13.

T selects a pulse that maintains ampitude
symmetry about its centerline. AMPLITUDE 8
adjust the peak-to-peak level of the puise.

7 gelects the positive pulse. AMPLITUDE 9 ad-
just the positive peak while the negative peak
remains a fixed baseline,

— gelects the negative puise. AMPLITUDE
control 9 adjusts the negative peak whiie the
positive peak remains a fixed baseline.

INV pushbutton — selects normal or inverted
pulse output. An inverted pulse is a reversal of
the active and inactive leveis of the pulse. The
net result for a square puise inversion would be
a 180° phase shift with respect 1o the PULSE
SYNC OUT 16.

OUTPUT ATTEN Pushbuttons — Select the at-
tenuation range of the FUNC OUT 10 signal. The
AMPLITUDE control 9 allows continuous
waveform level vafiations within each attemsator
range. Each of the three butlons may be used in-
dividually for 40, 20 or 10 dB sleps of attenua-
tion, of pressed in combinations for up to 70 dB
of atienuation. Tha attenuator attenuates both
the waveform and dc offset.

AMPLITUDE Control — Continuously varies
the waveform amplitude within each QUTPUT
ATTEN 8 range. CCW rotation reduces
waveform amplitudes at FUNC CuUT 10 by
greater than 10 dB. DG and do offset voltages
are not affected by this control.

FUNC OUT Connector — This BNC is the
waveform (or dc) output of the generator. Max-
imum output is 30 vpp {15 Vp-p into 500,
Source impedance is 50£.

DC OFFSET Pushbutton — Depressed butten
activates the dc offset (ref: 13). Extended button
ensures zero de offset.
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+OFFSET _ NORMAL n S
1 N S -1 AMPLITUDE
FULL PULSE
- t
ﬂ—-— < INVERTED i
, + OFFSET =
J 0N N P :} AMPLITUDE
oV T T 1
.,
‘L oF FSET_l NORMAL AMPLLITU VARIABLE
[ | DE
- -~ FIXED
POSITIVE PULSE ov 4
) I—l__ i INVERTED ¥ VARIABLE
+OFFSET __1 _.]_l ________ U_iM—E:LlTUDiIXED
ov T T—
.‘!
+ DFFSET 1 NORMAL I FIXED
NEGATIVE PULSE | . _l_.] [ AMPUTUD\E;AFHABLE
) = ¥
F_]——[— +0FFSE‘!'1 (NVERTED [
AMPLITUDE
k ov T_L—[ LI T"‘VAHIABLE

Figure 3-2. PULSE/SQUARE OUTPUT Amplitude/Ofiset Relationship

12  PULSESQUARE QUT Connector — BNC out-

13

put is a TTL level into 50 Output is
simultaneous and exclusive with FUNC OUT 10
square wave or putse output. Source impedance
is 50Q.

FUNCTION Selector — Outer coaxial knob
selects one of four wavefcrms (sine, triangle,

sguare, pukse} or dc.

DC OFFSET Control — Inner coaxial knob ofi-
sets the FUNC OUT 10 output waveform
vertically from its normal position and when
FUNCTION (outer coaxial knob 13) is in the DO
position, controls polarity and voltage of dc out-
put. DC output rangg is 0 =10 Vde {£ 5 Vde into
500). DC OFFSET switch 11 must be depressed
to enable this DC OFFSET Control. Extending
the DC OFFSET switch ensures zero volt offset.
NG offset and waveform are attenuated by the
OUTPUT ATTEN control 8 but de offset is not at-
tenuated by the AMPLITUDE control 8.
Wavefarm peak voltage plus dc offset is limited
to + 15 Vdc (= 7.5 Vdc into 500). See figure 3-3.

Ny

L IBY— — e —————— — — — ——
v POSITIVE NEGATIVE
DC OFFSET DC OFFSET
+ T ——————— — ———— —
o V ## V ______ A Ai
EXCESSIVE EXCESSIVE
POSITIVE NEGATIVE
QOFFSET OR OFFSET OR
LOADING LOADING

Figure 3-3. DC OFFSET Control
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15

SYNC OUT Connector — The sync signat from
this BNC is a TTL level into 500 synchronous
with FUNC OUT 10 signal. Duty cycle varies with
waveform symmetry. Source impedance is 505,

MODE Control — This outer coax knob selects
one of the six operating modes. Three of the
modes are burst generator moedes (swilch
detenis are solid black} and three are function
generator modes (swilch detenis are whitg).
Figure 3-8 iliustrates the output in each of these
modes.

FUNC Modes

CONT — Continuous output at FUNC OUT 10
and SYNC OUT 14 connectors.

TRIG — A dc level output at FUNC OUT 10 untit
the generator is triggered by the MAN TRIG 5 or
with a signal at the TRIG IN connector 18. When
friggered the generator output is one cycle ot
waveform foilowed by a dc level.

GATED — As for TRIG except the output is con-
tinuous for the duration of the manual or external
trigger signal. The last waveform cycle started is
always compieted.

BURST Modes

CONT — Continuous burst is a series of bursts
from FUNC QUT 10 at a continuous repetition
rate. BURST RATE 2 sets the repetition rate of
each burst. Frequency diat 1 and FREQ MULT
17 determine the frequency of waveform cycles
in each burst. BURST WIiDTH 6 sets the number
of cycles within each purst.

TRIG — A trigger {manual 5 or external 18} in-
itiates a burst of cycles from FUNC OUT 10. The
trigger rate determines the burst repetition rate.
Frequency diai 1 and FREQ MULT 17 determine
the frequency of waveform cycies in each burst.
BURST WIDTH 6 sets the number of cycles
within each burst.

GATED — When triggered {external 18 or
manual 5), FUNC OUT 10 produces a sefies of
bursts for the active period of the trigger signal.
Frequency dial 1 and FREQ MULT 17 sets the
frequency of the cycies in the burst. BURST
RATE 2 controls the repetition rate between
bursts and BURST WIDTH 8 sets the number of
cycles within each burst.
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TRIG LEVEL Control — This inner coax knob is
a continuously variable adjustment of the trigger
circuitry firing point. When full cow, a positive
going signa! at approximately + 5V is required
for triggering {see figure 3-4). In the fuli cw posi-
tion, a positive going signal at approximately
— 5V or more positive voltage is required for trig-
gering. In the GATED modes, the generator wili
run continuously when the control is cw of
12 o'clock.

TRIGGER LEVEL

c?’" - CONTROL - Cw
Y A
M—K—
=777 1 Vp-p MIN
S A
Trigger signal must be a positive go-
ing signal exceeding the TAKGGER
LEVEL setting.
Figure 3-4. Minimum Trigger Signal
16 PULSE SYNC QUT Connector — With normal

17

pulse function or burst mode selected, this BNG
output supplies a TTL leve! puise that is coinci-
dent with the leading edge of the pulse or burst
at FUNC OUT 10.8ync pulse with is 20 to 60%
of minimum selected pulse/burst width except
on the 20 ns to 100 ns range, which will have a
sync puise width between 10 and 30 ns. Source
impedance is 50%L.

In sync delay {ref: 4), PULSE DELAY 2 controls
the delay of PULSE SYNC OUT retative 10 FUNC
OUT 10 and PULSE/SQUARE OUT 12.

NOTE
PULSE SYNC OUT is the correct sync
signal for the pulse waveform and the burst
mode.

FREQ MULT Control — Outer coax knoh
selects one of nine frequency muitipliers for dial
1 setting.

VERNIER/SYM Control -- When the SYM
switch 3 is off (extended) this inner coax knab is
a fine adjustment of the frequency dial 1 setting.
CCW rotation decreases the freguency by ap-
proximately 1%. When in cw position (FREQ
CAL), the settings on the dial wiil be accurate.
When SYM switch is on (depressed) this control



varies the symmetry of ihe waveforms {normaliiy
50% duty cycle). Symmetry range is 19:1 10 119
(half cycie to half cycle ratic). When SYM is us-
ed, the main generator frequency is divided By
10. Extending SYM switch ensures 1:1 (50%)
symmetry. See figure 3-5.

ASYMMETRY
{Rotate CW)

ASYMMETRY
{Rotate COW)

SYMMETRY
12 o'ciock

1
syne | LT L
SYNC* ﬂ__]

s SYNC DUTY CYCLE VARIES SAME AS FUNC OUT SIGNAL
WHEN SQUARE FUNCTION { 1, )18 SELECTED.

Figure 3-5. Effect of Symmetry Control
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2,01 Signal Termination

Proper signal termination, or loading, of the generator
connectors is necessary for its specified operation.
For example, the proper termination of the 502 OUT
connector is shown in figure 3-6. Placing the 50 ohm
terminator, or 50 ohm resistance, in parallel with a
higher impedance, matches the receiving instrument
input impedance to the coax characteristic and
generator output impedance, thereby minimizing
signal reflection or power loss on the line due 1o im-
pedance mismatch.

The input and output impedances of the generator
connectors are listed below.

18 TRIG iN Connector — BNC receives the exter-
nal trigger and gate signals. These signais are
applied to the trigger and gate circuit when the
MODE switch 15 is in the TRIG or GATED posi-
tions. Refer to Section 1 Trigger {and Gate) Input
specifications, for trigger signal requirements.
The TRIG LEVEL controt 15 selectively accepts
frigger and gate signais for the trigger and gate
circuits.

19 VCG IN Connector — BNC accepts ac or dc
voltages to proportionately control frequency
within the range determined by the FREQ MULT
17. Positive voltages increase the frequency set
by the dial 1; negative voltages decrease the fre-
quency. The VCG IN will not drive the generator
frequency beyond the normal limits of a range.
Input impedance is 10 k.

20 POWER Pushbutton — Depressed is power
on, extanded is power off.

3.2 OPERATION

Parform the initial checkout in Section 2 for the feei of
the instrument. Any guestions concerning individual
conirols and connectors may be answered In
paragraph 3.1.

Connector Impedance
FUNCCUT ... . o e 506
SYNCOUT{TL) .o e 508
PULSE/SQUAREQUT{TTL). . . ... ... .. .. oL 208
PULSESYNCOUT(TTLY . ... ... .. 50¢
TRIG!IN . e 1.5k
VCG!N_...._.....__ ............. 10k
RECEIVING
MODEL 191 INSTRUMENT
OUTPUT RGS8 OR EFFECTIVE
IMPEDANCE | EQUIVALENT CIRCUIT
508 RESISTANCE

Lo
D“’“ $

{SIGNAL
QUTPUT LOAD)
AMPLIFIER » 508

v v

Figure 3-6. Signal Termination

3.2.2 Manua! Function Generator Operation

The following steps demonstrate manual control of
the function generator. (Bold numbers are keys 10
figure 3-1)

Step Control/Connector
1 FUNCOUT

Setting

10 Connect circuit to out-
put {refer to paragraph
3.2.1%

3-5



MODE 5 Select CONT (FUNC).
3 SYM 3 Extended.
FREQ MULT 17 Set o desired range of
frequency.

Set 1o desired fre-
guency within the
range.

Set 1o desired
wavelorm.

Set as desired. Limit
offset 10 prevent
waveform clipping (see
figure 3-3).

Select for desired
attenuator range.

Select for desired
waveform amplitude.

5  Frequency Dial 1

6§ FUNCTION 13

7 DCOFFSET 11,13

8 OUTPUTATTEN 8

9 AMPUTUDE g

3.2.3 Voitage Controlled Function Generator
QOperation

Operation as & voltage controlied function genesator
(VCG) is as for & manually controlled function
generator, only the frequency within particular ranges
is additionally controlied by an externa! voltage (+ 5V
excursions) injected at the VCG IN connectar, Per-
form the steps given in paragraph 3.2.2, oniy set the
frequency dial to determine a reference from which
the frequency is to be voltage contralied.

1. For frequency control with positive dc inputs at
VCG IN, set the diat for a lower freguency limit.

2 For frequency control with negative dc inpuls at
VCG IN, set the dial for an upper frequency limit.

3. For modutation with an ac input at VGG IN, set
the diat at the desired center freguency. Do not
exceed the maximum dial range of the selected
frequency range.

Figure 3-7 is a nomograph with examples of dial and
voltage effects. Example 1 shows that with OV VCG in-
put, frequency is determined by the main dial setting,
1.0 in this example. Example 2 shows that with a
pasitive VCG input, output trequency is increased. Ex-
ample 3 shows that with a negative VC@G input, output
frequency is decreased. (Note that the Output Fre-
quency Factor column value must be muitiplied by a
frequency range multipher to give the actual cutput
freguency.)

36
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NOTE

Nonlinear cperation may result when the
VCG input voitage is excessive, that s,
whan the attermpled generator frequency
exceeds the range limits. The upper limit is
2 times the muitiplier setting, and the lower
fimit is 1/1000th of the upper limit.

VGG OUTPUT
iN FREQUENCY
DiAL (VOLTS) FACTOR*
2.0 T -5 .002
1.8+ —4-+ 2
€
1%
5+ NG S
-I. - E“t/ e -
1.4+ —2.£ + B
ol - -
121 T =1 + 8
-~ EXAMPLE 1
103 nm o= 04 - - 1.0
B4+ T~ +1-% -+ 12
'\“\ .
51 + 2:— + 14
4+ +3 --“g’@,;, SR
\n(s.
~te
24 w4 ~ 18
002 _|_ +5 L S 20

*Must be multiphied by FREQ MULT switch setting

Figure 3-7. VCG Voltage-to-Frequency Nomograph

The up to 1000:1 VCG sweep of the generator fre-
guencies available in each range results from a 5V ex-
cursion at the VCG IN connector. With the frequency
dial set to 2.0, excursions between — SV and OV at
VCG IN provide the up to 1000:1 sweep within the set
frequency range.

324 Waveforms

See figure 3-8 for definition of controllable wavelom
characieristics.

325 Pulse Generator Operation

Operation as a puise generator is similar o the
manual and VOG controlled generator except a singie
pulse, doubie pulse or square wave may be selected.

The following steps describe the pulse operation
setup.



Step ConiroiiConnecior Setting

1 MODE 15 CONT (FUNC)

2 Frequency dial 1 Select pulse repetition

rate.

3 FREQUENCY 17 Select pulse repstition
MULTIPLIER rate.

4 FUNCTION 13 Select PULSE.

5 PULSE/SQUARE 12 Select desired pulse
QUTPUT format.

5] PULSE 4 Select desired pulse

mode.

Select desired pulse
width range and ap-
proximate portion of
range.

7 PULSE WIDTH 6

8 PULSE DELAY 2 Select desired pulse
delay range and ap-
proximate portion of
range. (Applicable only
if PULSE DLY was

selected in step 6.)

9 DCOFFSET 11,13 Set as desired. Limit
pulse amplitude as
necessary to prevent
clipping (see figure
3-2)

10 AMPLITUDE B,9 Select desired
amplitude.

3.2.6 Burst Generator Operation

In burst mode, the burst generator initiates a gate
pulse, controfled by BURST RATE and BURST WIDTH,
that gates the main generator. The main generator
controls parameters of the signal being burst; i.e., fre-
guency, function and ampiitude. Refer to figure 3-8 tor
burst characteristics.

Set the main generator contrals as for manual func-
tion generator opetation (paragraph 3.2.2) and verity
that the output signal is correct (other than not being in
a “purst” mode). Then, set the burst controls as
follows. {Bold numbers are keys 1o figure 3-1.)
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Step ControlfConnector Settings

i MODE/BURST 15 Select either con-
tinuous, triggered. or
gated burst mode.

2 BURST RATE 2 Select desired burst
repetition rate.

3 BURST WIDTH 6 Select desired number
of cycles in burst
length.

MODE: FUNC, CONT
FURSTION: | i | | | I E I
|
FUNCTION: ™ W\/\/
FUNCTION |
aut FUMCTICGN: PULSE, 1
1
PULSE: NDRM OR
SYMG DLY
| | DELAY
PULSE: FULSE DLY ! ” H ” ”
] = DELAY
PULSE: DBL PULSE ” !l |||| ||I| ||”
L
SYNC OUT [TTL) l :|, | | l | I l
|
1 ! o
i |
FLINCTION: ! L i
PULSE L. DD -
syne 1 FUNCTION: PULSE. :
PULSE: NORM, PULSE DLY,
i OR DBL PULSE =} | DELAY
EUNCTION: PULSE !
PULSE: SYNC OLY
oy
PULSES FUNGTION: » ™ DT *
SQUARE
EUNGCTION: "L, FULSE {SAME AS FUNG QUT
QUT(TTLE | pxgeeT TTL LEVEL oA y

Figure 3-8.Waveform Characteristics
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TRIG IN

FLNC GUT

SYNC OUT (TTL

PLULEE SYNC DUT
L

PULSEISCUARE
QUT T

MODE: FUNC, TRIG

TRIG LEVEL

FUNGTION: .
i
|
FUNCTION. ™ _y\/__/'\f__
1
1
FUNCTION: T | | i I

FUNCTION: PULBE, !
PULSE: MOAM

QR SYHC DLY

PULSE: PULSE

oLy

PULSE: DBL
PULSE

FutCTION:

AA e, D

PULSE: MORM,
PULSE DLY, OR

1
I
1
|
]
FUNCTION: PULSE, _J |
i
1
DEL PLLSE ]
|

PULSE: 8¥YNC OLY

o

FUNGTHOM: ~, L ™ i

FUNCTION: TL . PULSE (SAME AS FUNC out
BUT TTL LEVEL)

TRIG I

FURC OUT

SYNC OUT (TTL

PULSE SYNG
QUT 17

PULSE/SOUARE
oUT (TTL)

MODE: FUNC, GATED

TAIG LEYEL

FUNCTIGN: ™,
-1
| COMPLETED ¢ | |
[}
FUNCTION: _-/‘\/\/"\J'_
! 1 | 1
: L

FUNCTION: PULSE,

FULSE: MORM
OR SYNG DLY

| |- DELAY

|

PULSE" FULSE | | l ] | | l
oLy

+{ |~ DELAY
PULSE: DEL
PULSE

FURGTION: ~, .~ L. DT

FUNCTION: PULSE,
PULSE: NORM,
PULSE DLY, OR
DAL PULSE

FURGCTION: PULSE,
PULSE: SYNC DLY

ov
FUNGTION: A, . "y i
FUNCTION: L |, PULEE (SAME AS FUNG GUT

BUT TTw LEVEL)

Figure 3-8. Waveform Characteristics (Cont)
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MODE: BURST, GATED

TRIG LEVEL

TRIG IN ——I-————————..__\__j.__

FUNG OUT [ ©, EXAMPLE)

SYNC QUT (TTLh |||||i|‘ [|||Il||
PUILSE SYHC OUT (TTLI [l “

o

PULSE! | FUNCTION ™, " {

SQUARE

ouT TTL | FUNCTION: 7., PULSE (SAME AE FUNG OUT
BUT TTL LEVEL)

MODE: BURST, TRIG

—=q THRIGGER PERIOD
THIG LEYEL

| | T
TRIG IN __7(_\\____'___/{:\\___

—] BEURST WIDTH f—
|

1
1 L
FUNG ST ¢ *. EXAMPLE) —/\AM/'I—N\/\/\/-—
1

1 I

1
|
S¥YNC OUT (TTL) 1

k
i '
FULSE SYHG OUT [TTY ] | | ”

o¥

PULSE! [ FUNCTION: ry, |, 7, i

SOUARE

QUT {1TL) | FUNCTION; .., PULSE (SAME 45 FUNG GUT
BUT TTL LEVEL)

MODE: BURST, CONT

BUAST PEAICID
1= HBLURST RATE) I—-—

—] BUAST WIDTH | |

FUNCTDN: ™ q — ; :

—=] e WAVEFORM PERIOD (= 1/FREQ)
1

-

FUNCTION: / /
i 1
FUNG QUT 4 1

FUNCTION: T, ili [Ill ||]I||]|

r
L
FUNCTION: PLLSE | I | |

. l

I
. I
SYNG OUT {TTLY Il]!il[lr |||||]|

1
[

1
|
PULSE SYNG OUT (TTL | | 1 ~I

oV

|

PULSE  [FUNGTION: ", L

SOUARE

OUT [TTY |FUNCTION: ™. . PULSE (SAME &S FUNC OUT
BUT TTL LEVEL)

Figure 3-8. Waveform Characteristics (Cont)
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4.1 INTRODUCTION

This section describes the functions of the major cir-
cuits elements and their relationships to one another
as shown in figures 4-1 and 4-2. First, the function
generator portion is described, then the pulse circuit
and, last, detailed circuit descriptions afe given.

4.2 FUNCTION GENERATOR BLOCK DIAGRAM
ANALYSIS

As shown in figure 4-1, the VCG (Voitage Controfled
Generator} sums the voltage ihputs from the fre-
quency dial, VGG IN, and frequency vernier {o provide
a voltage control signal for the positive and negative
current sources. The positive and negative gurrent
sources generate precision currents, linearly related
to the output of the VCG summing amplifier, which
pass through the current switch 10 the timing
capacitors. Additional linear currents are generated
for loop dc delay compensation and the trigger
baseline compensation.

The current switch, controlled by the hysteresis out-
put, causes either the positive current source or the
negative curreni source to charge the tming
capaciior sefected by the frequency multiplier. When
the positive current source is switched in, the charge
on the timing capacitor will rise linearly producing the
positive-going triangle slepe. Likewise the negative
current source produces. the negative going triangle
slope.

The triangle buffer amplifier is a unity gain ampiifier
whose output is fed to the hysteresis switch, sine con-
verter and output circuits. The hysteresis awitch
operates as a “‘window’’ comparator with limit points
set 1o the triangle peaks. When the positive going
ramp reaches + 1.0V, the hysieresis swiich foggles 1o
a low state causing the current switch to connect the
negative current source. This causes the timing
capacitor voltage to linearly ramp to - 1.0V as the
timing capacitor voltage reaches —1.0V, the
hysteresis switch toggles to a high state, switching in
ihe positive current source. The generator loop con-
finues to osciliate producing simultanecus triangle
and square waves, at a frequency determinad by the
frequency multiplier and the magnitude of the timing
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SECTION
CIRCUIT DESCRIPTION

current controlled by the sum of the dial setting, the
VCG input, and the vernier.

Depressing the SYM button produces an unsym-
meirical waveform and a division of the frequency by
a factory of 10. The VERNIER/SYM control creates an
imbalance in the current sources and therefore an im-
nalance in the waveform symmetry up to a ratio of
19:1. The result is variable duty cycle pulse, variable
askewed sine wave and variable “'sawtooth™ triangie
waves.

The dc loop delay compenéaﬂon circuit is used on the
fwo highest frequency ranges to compensate for loop
delay. This circuit causes the hysteresis switch trip
points to switch earlier in the cycle, and prevents the
timing capacitors from charging beyond +1.0V. The
switch points are adiusied in proportion 1o the charg-
ing current, thus ensuring a constant amplitude as fre-
quency is varied.

The capacitance multiplier is an active circuit which
simulates capacitors up to 10,000 times larger than
the timing capacitor, thus altowing very long charging
times using physicatly small capacitors. This circult is
used in the four lowest frequency ranges.

The sine converter accents a =+ 1.0 volt triangte signal
from the triangle buffer and converts it1o a sine wave
current. The output is fed via the function switch to
the preamplifier.

The trigger circuit allows precise single of muitiple
{gated) cycles at the output in response to external
trigger signals or manual trigger operation. The trig-
ger circuit operates by holding the timing capacitor at
0 volig, via the loop stop signal, on the positive going
triangle ramp, until a trigger signal ocours. in the TRIG
mode a single cycle s produced for each rigger
signal above the variable trigger level threshold. in the
GATED mode continugus cycles are generated for the
time period at which the external signal is above the
trigger leve! threshold plus the time for comptetion of
the last partial cycle. The RUN signal causes he
SYNC output to stay in the low state when the
generator is quiescent. The TRGRST signat resets the
trigger circuit and generator 10 the quiescent state on
every generator cycle to arm it for the next trigger in-
put. The trigger baseline compensation circuit holds
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the generator output at zero volts {within specified
limits} during the quiescent intervals at any position
(value) of the frequency diai, FREC MULT, VCG IN, or
VERNIER.

The sync circuit accepts the square wave signal frem
the hysteresis switch and converts it to a true 5082 TTL
leve! output. In square wave function the sync is in
phase with the output, but in triangle or sine functions,
a zero crossing detector causes the sync output io be
in phase with the zero crossing of the output
waveform.

When square is selected by the function switch, the
square shaper accepts the signal from the hysteresis
switch and converis it 10 & clean, fast square wave
current to drive the preampiifier. The function switch
also sends a signal to the sync circuit, causing ihe
sync output to be in phase with the positive going
edge of the ouiput squarewave. In sine, triangle or DG
functions, the square shaper input and output are dis-
abled so as not to interfere with the selectad
wavelarm.

The preamplifier is fed from both the function switch
and the square shaper. The voitage output grives the
output amplifier via the amyplitude controi.

The output amplifier accepts signals from the

preamplifier by way of the amplituge control and
drives the output attenuator. DC offset is achieved by
offsetting the autput amplifier.

The output attenuator, fed directly irom the output
amplifier, provides up to 70 dB of attenuation to the
selected waveform or DC offset. This signal is con-
nected directly to the FUNG QUT BNC.

43 PULSE BLOCK DIAGRAM ANALYSIS

Refer to figure 4-2. All signals found on the pulse
poard originate from the hysteresis switch, trigger cir-
cuit, and zero crossing detector, all on the main
hoard. In addition, when the unit is in ane of the three
BURST modes, the delay one shot acts as an auxiliary
generator which can be triggered and gated from the
iront panel TRIG controls and TRIG IN connector. The
signals return o the sgquare shaper and trigger base-
line circuils on the main board, and terminate at ihe
PULSE/SQUARE OUT and PULSE SYNC QUT tront
panel cONNEciGrs.

In the L function. the hysteresis switch output (HYS
QUT}is sent directly io the PULSE/SQUARE OUT con-
necior by way of the ECL-t0-502 converter. This signal
also passes through & normalfinvert circuit before
being sent to the main noard square shaper, where it
can be modified to a positive puise, negative pulse, of
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provide an output balanced about ground, depending
on which PULSE/SQUARE OUTPUT button is depréss-
ed. in PULSE function, the output of the width one
shot (WOBS) is substituted for the N, funegtion.

With the MODE switch in one of the three FUNC posi-
tions, the output of the trigger circuit is sent directly to
the trigger baseline compensation eircuit.

Three signal lines labeled T, DLY. and TD are used {o
drive the width, detay and sync one shet. T originates
fromn either the trigger or zero crossing detector cir-
cuits on the main board. With the FUNCTION switch
set to PULSE/BURST and the MODE switch set 10
CONT FUNC or GATE FUNG, T is driven by the zero
crossing detecior, but when the MODE switch is set to
TRIG FUNC or one of the three BURST modes, T is
driven by the trigger circuit. TD is & delayed T signal
angd originates from the trigger delay circuit. DLY is
the one shot output of the delay one shot. The one
shot trigger steering 10gic circuit connects T, DLY,
and TD to the three one shot circuits depending on
which PULSE button is depressed. Refer to the one
shot trigger steering logic of figure 4-2 and use PULSE
DLY as an example; DLY is connected to the width
one shot, T is connected to the delay ane shot, and TD
is connected to the sync one shot.

In the CONT BURST or GATED BUBST modes, DLY is
also sent to the width and sync ane shots, The sync
one shot output {SOS) is sent to the ECL-0-508 con-
verter which grives the PULSE SYNG OUT conngcior.

In BURST mode, the widih one shot output (WOS} is
sent to the main board trigger baseline circuit.

The PULSE DELAY/BURST RATE selector conirois
the delay one shot and the PULSE WIDTH/BURST
WIDTH selector contiols the width one shot, along
with their respective verniers.

4.4 DETAILED CIRCUIT DESCRIPTIONS

4.4.1 Current Sources

Refer to the Generator Board Schematic sheet 4. The
VCG IN {J7) and FREQ VERNIER (R88) are summed
with the diat potentiometer (RS6) ai the summing
node, U14 pin 6 of the VCG amplifier. Full scale on the
dial causes a — 5 volt control signal at the dial buffer
output U14 pin 7. Rotating the dial to minimum, plus
turning the FREQ VERNIER ccw produces — 5 mV al
U14 pin 7. The output of the buffer drives both the
GCV buffer and current sources. The GCV output at
14 pin 1is + 5.0 volts at full scale.

The current source from U14 pin 7 is present at U13
pin 1. The output of U13 at pin 12 is fed through lavel
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shifting transisior &4 to UB pin &. The collector CUr-
rent at pin 7 flows from ground through F81 and R80.
As the voltage ai U14 pin 7 varies, amplifier U13 and
transistor Q14 adjust the base drive of U8 pin 6, and
hence the collector current, until the voltage at U3
pin 2 equals the voltage al U13 pin 1. Because UB is
an array of maiched transistors with the bases con-
nected together, and all emitter resistors are equal
with VERNIER selected, all collector currents ére alsc
equal.

The positive current source is controlled by a current
cottro! signat at U8 pin 1, which is held at 0 volts by
the servo action of U13 pins 6, 7 and 10, level shifting
transistor Q15 and U7 pins 6 and 7. The current 1" In
R84 must flow through RI3, and because these
resigiors are both 1kQ, an equal but opposite base
controt voliage is present on U7 pin 6 compared to U8
pin 5. Because the transitors in U7 are matched and
their bases are at the same point, & positive current
“1" flows in R97 and hence the positive current
source. A small amount of adjustable balance is pro-
vided by 825 and RB4 o enable the positive and
negative currents to be set for correct symmetly.

On the 1M and 10M ranges, the timing current is
increased by approximately 25%, allowing the use of
larger timing capacitors and hence, minimizing the
effect of any stray capacitance. On the higher ranges,
the parallel resistance across R83 (at ISCAL) is
greater than the resisiance on the tower ranges. This
would decrease the current through U8 pin 8 were it
not for the servo loop action of U13 pin 12, 014 and
U8 pins 6, 7 and 8. For any VCG setting al Ui4 pin 7
and 113 pin 1, no matter which range is selected, this
servo loop maintains the voitage at Ui3 pin 2 equal to
pin 1. Because the voltage at U13 pin 2 remaing con-
stant from range to range, the voltage across, and
therefore the current through R8O and R81 also
remains constant. This current also flows through UB
ping 7 and 8. To enable this current o remain con-
stant, the serva loop drives the base voltage at U8 pin
& in a positive direction. Because all of the bases in
U8 are at the same point, the current refative to ihe
lower ranges increases in R84 through R&7 and also
in the collectors of U8 pins 1, 14, 2, and 9.

Variable symmetry is controlled by R88 which doubtas
as the frequency vernier. With VERNIER selected,
RE8 functions as a frequency vernier with one end of
the contro! connected fo ground and the other con-
nected to the — 15 voit supply. The wiper supplies cur-
rent o the summing node U14 pin 6. Additionally, one
end of 1kQ resistors RB4 through R87 are all con-
nacted to the — 15 volt supply. For any given dial set-
ting, the current through each of the four resistors is
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“) with SYM selecied, R88 functions as a variabie
symmetry vernier with the wiper connected to the
— 15 voli sunply. One end of this yernier supplies cur-
rent to R84 and R85, while the other end suppiies cur-
rent to R8S and B87. With the vernier centered, each
leg is approximately 5000t and reduces the current
through each of these 4 resistors 1o 1110 1, dividing the-
generator fregquency by 10. As the symmetry control
is varied, resistors for the positive and negative cur-
rent sources are changed in ratic, hence the current
sources are unbalanced and the timing for the posi-
tive waveform is varied in respect to the negative
waveform, resulting in variable symmetry.

Loop delay dc compensation currents { +ICMP and
—ICMP), are supplied by Q16 and UB pin 8 and track
the timing currents.

A current {ITRGBL), is supplied by U8 pin 14 10 the irig
baseline circuit to compensate for variations in freq
dial setiings when the generator is in a quiescent
trigger or gated mode. :

4.42 Current Switch

Refer 1o sheet 3. The current switch is driven by the
square wave signal (ISWCTRL) from the hysteresis
switch. Level shifting transistor Q10 provides a con-
trol signal for the diode bridge CR8, CR9, CR30 and
CR31. When the control signal is + 1.8 voits, CR30is
reversed biased, allowing CR8 to conduct current
from the positive current source {0 the timing capaci-
tor selected by SW9-0. This produces a positive going
ramp. CR31 is also turned on, which reverse biases
CRO and prevents current sinking from the timing
capacitor to the negative current source. When the
contro! signa! is — 1.8 volts, both CR30 and CR9 are
forward biased, while CR31 and CR8 are reversed
biased. At this time, current from the negative current
source sinks from the timing capacitor, producing a
negative geing ramp.

4.4.3 Triangle Bufier Amplifier

Refer again to sheet 3 of the schematic. The signal on
the selected timing capacitor is present at both the
gate of Q11, and at U9 pin 2. These devices provide a
very high input impedance for the signal to avoid leak-
age which would otherwise cause poor triangle
linearity. The output current of Q11 controis the base
drive to emitter foliower Q13 and hence the ouiput
voliage on the emitter. This voltage is sensed at US
pin 3, causing U9 to adjust the base voltage of Q12
unti!l the differential input of U9 is zero. The low
impedance source output voltage at the emitter
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follower Q13 now follows the high impedance input
signal at the gate of Q11 with a circuit gain of unity.

4.4.4 Hysteresis Switch

Refer to sheet 2. U10 pin 5 is the input to the positive
peak comparator, while pin 1( is the input to the nega-
tive peak comparator. A leve! shifted triangie signal of
— 0.9 volis 1o — 2.8 voits is present at pins 5 and 10 of
U10. Assume a positive going ramp. R18 and R19 set
the reference voltage on U10 pin 4 at —0.9 volts.
when the voltage on pin 5 exceeds the reference volt-
age on pin 4, the positive comparator changes state
and the voltage on pin 3 pulses from an ECL low
(— 1.8V) to an ECL high (—0.8Y). This signal is con-
nected to clear direct (pin 4) of D flip flop US. The out-
put of U5 pin 2 goes low, while U5 pin 3 goes high.
These outputs toggle the differential pair Q7 and Q8
so that 7 is on and Q8 is off. This causes the current
switch contral signai (ISWCTRL) to go low, which con-
nects the negative current source to the timing
capacitor, and causes the friangle to begin to ramp
negative. The negative peak comparator functions In
an identical manner to the positive comparator except
that the reference voltage at U10 pin 9 is — 2.8 voits.
At the negative triangle peak, U10 pin € pulses high,
causing a set direct at U5 pin 5, toggling the current
switeh signal (ISWCTRL) high and producing & posi-
tive going ramp. in addition to being used to store the
first peak comparison pulse from U1 Opins 3and 6, U5
aiso ignores “'chatter” from both positive and nega-
tive comparators.

4.4.5 Loop DC Delay Compensation

The circuit is also iocated on sheet 2 of the schematic
diagram. The purpose of this circuit is 1o adjust the
reference voltages on the comparators in the two
highest frequency ranges so that the triangle peaks
do not increase in ampiitude due 1o loop delay. Q2
functions as a variable posiiive current source con-
trolied by the range switch and the main current
source. As the generator frequency is increased, the
base voltage of Q2 progressively moves negative
causing positive current through R15 and increasing
the reference voltage on US pin 9 in a positive direc-
tion. This causes the negative peak 10 switch earlier in
fime, compensating for the loop delay and maintain-
ing constant triangte amplitude and correct frequency
tracking.

The positive peak comparator reference is changed in
an identical way, except that the voltage on U10 pin 4
becomes more hegative with increased frequency.
04 is a variable negative current source. Q1 and Q3
function as temperature compensating diodes.
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4.46 Capacitance Multiplier

Refer to schematic diagram sheet 5. The capacitance
multiplier is a precision current splitter which shunts
up to 99.990% of the VCG current away from the inte-
grating capacitor (C57) to produce the 100 through 0.1

frequency ranges. Timing current is divided between
57 and Ri14, then again between R113 and the
selected timing resistor (R110 through R112 or R108).

The signal at Uit pins 2, 6, and 7 is a =1.0 volt
triangle. Ut1 {pins &, 7, and 10} is a non-inverting
amplifier with a gain of 8. The waveform at U11 pin 1
is a =+ 1.0 volt triangle with 0.5 volt spikes at each
peak. At any given moment, the junction of R103 and
C55 (differentiator circuit input) has 8 times the
voitage as the junction of R104 and C5h5. This voltage
difference causes a constant current to charge C55
through R104 and the selected timing resistor. Thus a
frequency dependent charging current fiows into the
summing ncde of U11 pin 1, producing an inverted
square wave compenent at the ditfererdiator output
U11 pin 12 sinking or sourcing current from the main
current sources and limiting the amount of current
available to charge C57. The 1.0 triangle at U111 pin
2 provides the triangle portion of the waveform at U11
pin 12. Since the triangle slopes on 11 pins 1 and 12
are identical, only the square wave component of the
waveform at U11 pin 12 is across the timing resistor.
The amount of current supplied to charge G55 is
therefore this voltage divided by the range resistor
value. As the range resistor is increased, the feed-
back for U11 between pins 1 and 12 is alSo increased,
causing ess current to charge C35 and increasing the
amount of cuerent being shunted to U11 pin 12 by &
factor of 10 for each lower frequency range.

44.7 Sine Converter

Refer to sheet 6 of the circuit diagram. The sine con-
verter converts the buffered =1.0 volt peak triangle
10 a sinusoidal current of 2mA peak. The input triangie
vottage (TRIBUFC) passes through & vaitage divider
network to the input of the diode atpins 1, 4 and 6. As
this signal progressively increases, the diode between
ping 1 and 9 is progressively reversed biased, sinking
less current and causing the diode between pins 2
and 5 to pass increasingly more cusrent in a sinusoidal
manner o IFUNC. This produces the positive half of
the sine wave at the output of the preampiifier. At the
sarrie time, the diode between pins 2 and 8 is progres-
sively reversed biased. This slows and eventually pre-
venls current from flowing from the negative portien
of the sine converter,

When the input waveform moves negatively, the dicde
between pins 2 and 5 is reversed biased and the diode



between pins 2 and 8 progressively conducts, produc-
ing the negative half of the sine wave.

R159 sets the input amplitude for correct biasing of
the sine conversion diodes, while R185 adjusts the
input signal offset. Thermister R161 agjusts the input
vottage 1o compensate for the diode voltage change
with temperature. The network consisting of R166,
R167 and G102 provides a signal (SINCMP) to the non-
inverting input of the preamplifier to compensats for
the effects of diode capacitance which wouid other-
wise distort the sinewave peaks at high frequencies,

4.4.8 Trigger Circuit

Refer 1o sheei 5, The trigger input at J8 is added to the
voltage from the trigger level controf R119 and comr-
pared at U12 pin 5 with a reference at U1z pin 4.
When the signal at U12 pin 5 exceeds pin 4 by a few
millivolts, U12 pin 3 goes high. R120 and CB0 ensure a
noise free pulse at U12 pin 3 which is one of two wire
ORed inputs to U4 pin 7. The second inpult originates
from the MAN TRIG switch circuit. When this switch is
depressed, R115 pulls U12 pin 10 low. Pin 10 is com-
pared to the Vbb reference voliage at pin 9, latching
pin 6 high and preventing false triggering due 10
switch contact bounce. Pin 13 connected fo pin 6, is
referenced to pin 12, causing pin 15 to 2lso go high.
When either U12 pin 3 or pin 15 go high, U4 pin 3 goes
low because these outpuls are wire CRed to U4 pin 7.
U4 pin 3 is connected to pins 4 and 10. Because pin
10 was previously high, U4 pin 14 was low causing @
low at U4 pin 5. The trigger pulse low at U4 pin 4
causes a 10 ns ECL high puise at U4 pin 2. At the
same time, U4 pin 14 goes high and after the time
delay set by R126 and C62, U4 pin 5 also goes high.
This causds U4 pin 2 to return low.

[n the gate mode CR14 holds U4 pin 11 high, farcing
pin 14 low. The length of the contro! pulse at U4 pin 2
is now equal to the pericd during which U4 pin 7 is
held high. In the continuous mode, U4 pin 2 is held
high by CR16 regardless of any input trigger signals.

449 Trigger Baseline

Refer to sheet 5. In the trigger mode, with no trigger
inputs, U5 pin 12 is held low. On the next positive going
triangie, the trigger reset {TRIG RST) signal at US pin
11 causes U5 pin 14 to go high. This furns Q18 off and
Q17 on, which turns off Q13. The Q19 emitter voltage
is pulled down by the negative current sources Q20
and Q21, causing CR1S to conduct. Because the
anode is at ground and CR18 is matched to CR1S, the
voltage at the anode of CR18 is also zero. This causes
the triangle on the positive going ramp 10 siop at ex-
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actiy zero voits. When a trigger signal occurs, U5 pin
12 goes high for about 10ns, causing pin 15 10 also go
pigh. This turns on G18 and turns off @17, which turns
on Q19, causing the emitier to rise to about 1.7 volts.
This reverse biases CR18 and CR19 causing the
generator to run for exactly one cycle. In the gate
mode, U5 pin 12 is held high for the duration of the in-
put signal causing the generator to run for this interval
plus the time reqguired to complete a partial cycle.

In the trigger or gated mode, gquiescent state, positive
charging current  flows in CR18. As the VCG current
is varied, | also varies, causing the voltage across
CR18 to vary. To prevent this from causing a baseline
shift, current {IY must also flow in the reference dicde
CR19. A negative current source (ITRGBL) is con-
necied 10 the bases of Q20 and Q21. Negative current
(—1) flows through the coliector of Q20 and R133.
Because of the configuration of 020 and Q21, and
because Ri133 and R134 are both 1k&, an equal
amount of current — 1 also flows through the collector
of 021 and R134, causing — 21 to flow at the iunction
of R132 and R134. Half of this current (=) flows
through CR19, while the remaining current flows
through CR18. Therefore, the anode of CR18 is held at
zeto volts regardless of the VYOG summing node
current.

The RUN signal is used to hold the sync output low
during quiescent periods.

4410 Sync

Refer to sheet 2. The SYNC OUT amplifier is driven
from the signal at U8 pin 10 in the triangle and sine
functions, and from U8 pin 7 when the function switch
is in the square function. These two inputs are wire
ORed at Ug pin 13.

In the triangle and sine functions, SYNC SEL aliows
R23 io pull CR4 high causing a low at UG pin 2. This
enables the signal from the zero crossing detector
output (U0 pin 15), and disables the hysteresis
switch input at U pin 7. When the positive going ramp
crosses 0 volts at the zero crossing detector input
U10 pin 13, U10 pin 15 and U6 pin 10 go high. This
causes a low at UG pins 14 and 13. UG pin 9 goes low
and pin 15 goes high turning on Q5 and turning off Q6.
This results in a high at SYNC QUT. As the triangle at
U10 pin 13 crosses 0 volts in a negative direction, pin
15 goes low, causing Q5 to be turned on, producing a
low at SYNGC QUT. Therefore the SYNC QUT always
toggles when the triangle crosses 0 volts.

When the square wave function is selected, CR4 pulls
UG pins 4 and 6 low. U6 pins 2 and 11 now go high,
disabling the zero crossing detector input from pin 10,
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and enabling the square wave input from UG pin 7. U5
nin 3 now drives the SYNC OUT connector in & similar
manner as U10 pin 15. The SYNC OUT is in phase
with the square wave output.

R26, a 49.90Q resistor sets the 5012 output impedance.

4.4.11 Square Shaper

The square shaper schematic is located on sheet 6. in
square function, CR20 pulls U4 pin 13 tow, enabling
the hysteresis switch input {HYS) at U4 pin 12. A low
at U4 pin 12 causes alow at U4 pin 15 and a high at
pin 9. Q22 turns on while Q23 is turned off, producing
a +1.2 volt high at the bases of the current swich
control transistors Q24 and Q25. Transistor Q25 is on,
reverse biasing CR23. Transistor Q24 is off allowing
positive current to flow through R147, CR22, R154
and into the preamplifier node via R152.

When HYS toggltes high, Q23 turns on forcing the
bases of Q24 and Q25 16 — 1.2 volts. Q24 turns on
and Q25 turns off, allowing negative current to flow
through R157. CR23, R154 and the the amplifier node
via R152.

R152 and R154 form a current divider to obtain a 2mA
full scale current intc the preamplifier. Overshoot
caused by diode capacitance is reduced by R153 and
C73. The output of the square shaper is disabled in alt
other functions by turning on Q26 and CR24 which
reverse bias CR22 and CR23 and prevenis current
from flowing through R152.

4.4.12 Preamplifier

Refer to sheet 7 of the schematic circuitry. For all
functions, full scale output voltage is produced when
9mA is injected into the input sumrming node U1 pin 8.
Transistor array U1 forms a cascaded differential
stage. Transistor Q27 is a fixed curreni source. Q28
and Q29 form a high gain voltage foliower. DC nega-
tive feedback is applied through R195 to U1 pin 8. The
closed loop voltage gain of the amplifier is determined
by the ratio of R195 to the input fesistors, R152 for
square wave and R176 for iriangle. The sine converter
output supplies the correct current directly from U3
pin 2 to U1 pin 8. The servo action of the preamplifier
nolds this point at G volts, therefore no voitage can be
measured. U1 pin 4 is the non-inverting input and is
used both to adjust the offset to O volis at TP2 using
R185 and to inject the sine converter compensation
signal {SINCMP) descrived under paragraph 4.3.7,
Sine Converier. High frequency compensation is pro-
vided by R182, C81, C86 and C153. Zener diode CR29
provides increased collector voltages for U1 ping 11
and 12 and aiso aliows these two points 1o be rela-
tively cliose in voltage.
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4.413 OQutput Amplifier

The output amplifier consists of an ac coupled ampli-
fier for signals above about 18 kHz, and a dec coupled
amplifier for signals below about 16 kHz, and to main-
tain zero dc oulput offset within specified limits. Refer
to the simplified output ampiifier schematic, figure
4-3.

Assume zero input voltage at the junction of R203 and
R218. The output at R222 and R224 is maintained at 0
volts by dc amplifier U2. U2 pin 3 is connecied 1o a O
volt reference. |f the output drifts away from 0 volts,
this will be sensed at U2 pin 2 through R256, R257 and
R254. Amplifier U2 will sense a difference between its
inputs and produce an output voltage which adjusts
the bias in the ac coupled amplifier to return the out-
put to 0 volts. Because R218 and R223 form half of a
balanced bridge, and R253, R256 and R257 form the
second half, the amplifier node at the junction of R218
and R223 will be held at 0 volts as U2 has returned the
junction of R253 and R256 1o 0 voits.

A dc input of +1 volt at R218 and R253 is sensed as a
positive increase at U2 pin 2, causing U2 pin 6 10 go
negative. The ac amplifier output goes negative in
response 16 the dc contral input. This continues until
the output becomes sufficiently negative to sink all
the input current, and return U2 pin 2 to O volts. The
bridge circuit causes the ac amplifier node to be 0
volts. If the input is + 1 voit angd the nede at the junc-
ticn of R218 and A223 is 0 voits then thea input current
is 1/12 1=8.26 mA. All of this current must fiow in
R223. Because the node is at O volts, the output volt-
age must be —8.26 mA X 2kt = - 16.52V. There-
fore the amplifier voltage gain = R223/R218 = 16.52.

Above about 16 kHz, the ac amplifier controls the
summing node directly, sinking or sourcing current
through R223 by adjusting the output voltage to hold
the node at 0 voits. The ac ampiifier gain is also
R223IR218 = 16.25. This is divided by 2 at the output
terminal, due 1o the 508 source impegdance resistors
R222 and R224, providing the output is alsoc termi-
nated into 509.

Retfer to sheet 7. The top half of the circuit amplifies
the positive portion of the signal, and the bottom hali
amplifies the negative part. Q30 and Q31 form an ac
gain stage. An emitter follower stage is formed by Q32
ang Q33, to provide a low impedance drive to the
second voltage gain stage Q36 and Q39. This stage
drives the paralle! output emitter followers Q37 and
{38 on the positive side, and Q40 and Q41 on the
negative. Diodes CR23 and CR26 set thermally stable
bias for the output transistors. Networks R211, R212,
C94 and C93 bypass emitter resistor R208, while
R245, R246, C107 and C106 bypass R244. As fre-
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Figure 4-3. Simplitied Output Amplifier

guency is increased. these components decrease the
local negative feedback in the criver stage, increasing
the high frequency gain. Voltage regulators VRS and
VR& have external current limiting circuitry set to limit
at about 220 mA to prevent damage in the event of a
shorted transistor. When the offset button is depressed,
offset current is injected directly into both nodes in
proportion to the feedback resistor values. The ampli-
jier responds exactly as described above for a dc
input.

4.4.14 Output Attenuator

Refer to sheet 7. Each attenuator buiton selects an
independent voltage divider, which has 508 input and
output impedances o correctly ioad the amplifier and
10 provide a constant 50Q impedance at the FUNC
OUT terminal.

The 10dB attenuator has a 3.16/1 voltage division
ratio. The 20dB attenuator has a 101 voltage division
ratio, and the 40dB stage has a 100/1 ratio. These
ratios multiply in voltage. For example if the 20dB and
40dB buttons are depressed, the voltage division ratio
is 1000f1. The attenuators add algebraically in dB,
therefore any attenuation from 10 to 70dB may be
selected in 10dB steps.

4.4.15 Signal Routing Gates

All signal routing is performed by logic gates that are
controlled by the MODE, PULSE, and FUNGTION
switches, refer to the pulse board schernatics sheets
1 and 3. These logic gates are part of the following cir-
cuit blocks: Switch Position Decoding legic, One Shot
Trigger Steering logic, and Trigger Selection logic. For
detailed information on signal routing relfative 1o

switch settings, refer to the simplified pulse board
schematics in section 6.

4.4.16 Variable Duty Cycle One Shots

When triggered, a one shot produces a pulse whose
duty cycle is controlled by a variable current source
and timing capacitor. There are three variable duiy
cycle one shots on the pulse board: Widih, Delay/
Burst, and Sync. The three one shots éach serve
special functions, but they ali have certain common
features. First, a general description provides an
understanding of how a variabte one shot works.
Then, subseguent paragraphs gives defailed descrip-
tions of each of the three one shots.

4.416.1 General Description

A basic variable one shot, refer to figure 4-3, consisis
of a fixed duiy cycle one shot, latch, comparator,
range capaciiors, and variable current source.

The one shot is initiated by the positive going transi-
tion of a triggering pulse. A fixed duty cycle one shot
converts this positive transition to a 5ns pulse, which
sets the latch. When set, the latch output (pin 3}
becomes reversed biased, essentially an open Gircuit.
At this time, the timing capacitor {C1 or C2) begins
charging via the variable current source. As the
capacitor is charged, a negative going ramp is pro-
duced. When the ramp reaches —2.4V, the com-
parator changes state (low te high) to produce a poSt
tive going transition. This transiticn resets the laich,
terminates the ramp, and returns the comparater out-
put to low. Another trigger pulse now can retrigger the
one shot. The one shot output is a buffered pulse from
the latch {pin 4}
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Figure 44, Variable Duty Cycie One Shot

The variable current source controls the timing
capacitor charging rate. The front panel vernier ¢con-
trols the current source over @ 1001 range.

4.4.16.2 Width One Shot

The widih one shot, refer to the pulse board
schematic sheet 2, receives a trigger pulse from
either WIDTH TRIG 1 or 2. This trigger pulse is con-
verted to a 5ns puise which sets the latch (U13 pin 6).
wWhnen set, the latch output {UJ13 pin 9) goes low which
urns off Q2 that reverse biases Q3 and Q5. Now the
current source, Q9 and Q7 can charge the timing
capacitor {C11, 12, C13,C14, C15,C16, 0r C18). The
amount of charging current is controfled by the
PULSE WIDTH/BURST WIDTH vernier. Charging the
capacitor produces a negative-going ramp. The ramp
is buffered by transistor Q6 which drives the com-
parator 12 pin 4. The emitter current of Q6 is con-
trolted by transister Q8, part of the current source.
This makes the buffers current proportional to the
charging current, which minimizes timing errors at
long pulse width settings. The comparator output U12
pin 3 changes states {low to high} when the compara-
tor input reaches its trip point (approximately —2.4V).
The positive-going transition resets the latch U13 pin
13
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When reset, the latch output U13 pin 8 goes high turn-
ing on Q2 and Q3. Q3 begins t¢ discharge the timing
capacitor at a 30 mA rate. At the same time, Q5 is
turned on which forces U12 pin 7 high; this prevents
triggering of the cne shot.

As the ramp discharges and approaches — .4V, Q4
acts as a fast clamp circuit which reduces the dis-
charge current to 10 mA. As the current through Ri5
increases the current through R16 will decrease 1o
cause the current through Q3 and Q5 to decrease.
With iess current through Q5, U12 pin 10 returns low,
thus enabling the latch U13 pin 12. The one shot can
be triggered again.

During the guiescent state, transistor Q3 and Q4 sink
ail the current from the current source. This prevents
the timing capacitor from charging.

The pulse from the width one shot is originated at the
lateh {U13 pin 15), buffered by the amplifier (U12 pins
14 and 15), and fed to the trigger selection logic.

4.4.16.3 Delay One Shot/Burst Oscillator

The delay one shot/burst ascillator is similar to the
width one shot (ref: paragraph 4.4.16.2}, excep! added
circuits allow it to function, in burst modes, as an
oscillator.



As a one shof, a trigger pulse will set the fateh (U11
pin3). The current source{Q20and Q22)chargesthe
timing capacitor (C38,C39, C40,C41, C42,£43,C44
or G45); the PULSE DELAY/BURST RATE VERNIER
controls the amount of charging current. A negative-
going ramp is produced. When the ramp reaches
— 2.4v, the comparator toggles resetting the latch.
The output pulse from the one shot is originated at the
latchi (U11 pin 15}, buffered by the amplifier (U10pins
14 and 15), and routed to the one shot rigger steer-
ing logic.

When continuous or gated modes are selected, the
detay one shot functions as an oscillator. BURST
RATE and VERNIER controls the oscillator frequency.
To enable the oscillator, the control ling B(G + C) goes
low. This turns on Q18 and forces control line BED
tigh. With BED high Q23 turns on, this disables the
trip point compensation circuit (U10 pin 5). In addition,
control line DLY DIS goes high. thus turning off tran-
sistor Q17 and Q18 which reduces the current from
the current sources.

With BURST CONT selected, the control lines GATE
QOUT (U3 pin 11) and GATE ENB (U3 pin 10) goes high,
which forces T {U3 pin 14) high. With B{G+C}and T
high, the one shot is enabled as an ascillator.
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With BURST GATE seieciad, the coniri iing BG+C
rarnains high, but, the ling T follows the trigger input
signai, This enables the osciliator each time T goes
high.

Wwith BURST TRIG selected, a pulse will trigger the
pscilator to produce a single oscillator cycle.

4.4.16.4 Sync One Shot

The sync one shot, refer to pulse board schematic
sheet 2, receives its trigger input (SYNG TRIG) from
the one shot trigger steering logic. The fixed duty
cycie one shot converts the SYNC TRIG pulse into a
5ns pulse that sets the latch {US pin ). The current
source (R41) charges the range capacitor (C25, C26,
C27. C28, C29, or C30) to produce a negative going
ramp. When the ramp reaches the reference level
{approximately — 2.4V} the comparator (U4 pin 7)
toggles high to reset the latch {US pin 12). On the
100ns and 20ns pulse width ranges the resistors R43
and R44 parallels the current source resistor B41, this
increases the charging current to T30

The output pulse from the sync one shot is originated
at the latch (U5 pin 153, buffered by an ampiifier (U4
pins 14 and 15), and routed to ihe ECL to 500%
converier.



5.1 FACTORY REPAIR

wavetek maintains a factory department for those
customers not possessing the necessary personnel ot
test equipment to maintain the instrument. If an
instrument is returned to the factory for calibration or
repair, a detailed description of the specific problem
should be attached to minimize turnaround time.

5.2 REQUIRED TEST EQUIPMENT

Millivoli dc measurement
{0.1% accuracy), trug rms
Oscilloscope, Duat Channe!. . 100 MHz bandwidih
Counter. . .. ... .20 MHz {0.01% accuracy)
50Q Feedthru. . ... ... .. + 1% accuracy, 2w
Distortion Analyzer . ... ... ... To 200 kHz
RGS58U Coax Cable . . . 3 ft length BNC male contacts
Spectrum Apalyzer. . ... ... To 20 MHz

Voltmeter

5.3 COVER REMOVAL
NOTE

Before removing the covers, disconnect the
instrument from the ac power s0urce.

invert the instrument and remove the four screwsinthe
bottomn cover. Remove the bottom cover.

NOTE

Remaove the cover only when it is necessary
to make adjustrmenis or measurements.

5.4 CALIBRATION

After referring io the following preliminary daia, pertorm
calibration, as necessary, per table 5-1,5-2. If perform-
ing partial calipration, check previous settings and
adjustments for applicability. Calibration points are
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SECTION
CALIBRATION

shown in figure 5-1. Natice that the pulse board doesnot
require calibration. '

NOTE

The completion of the calibration procedure
returns the instrurment to correct afignment.

CALIBRATION LIMITS AND
TOLERANCES ARE NOT
INSTRUMENT SPECIFICATIONS

Insirument specifications are given in Sec-
tion t of this manual.

1 All measurements made af the FUNCTION QUT
connector must be terminated into a 5082 { £ 19%)
lpad.

WARNING

With the covers removed, dangerousvoltage
points may be exposed. Contact with any of
these points could cause serious injury or
death.

2. Start the calibraiion by removing covers as

described in paragraph 5.3, connecting the unit to
an ac source and setting these front panel switches
as follows:

SYM . . ... Off {extended)
TRIG LEVEL. . ... ... ... .......12 o'clock
DC OFFSET.. . . ........... .. . Off {extended)
QUTPUT ATTEN . ... ... . .. 0 dB (all extended)

3. Allow the unit to warm up at least 2 hours for final
calibration. Keep the insirument covers ontomain-
tain heat. Remove covers only tomake adjustments
or measurements.

51
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Table 5-1.

Callbratlon Procadure
Note: Where thera ara Ro entries, open column indicates previous entry Is applicable. I\
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Freq | Vern/ Test 500
Test Dial mutt | Sym | Mode | Func [ Ampl} Polint Teater Adjust | Load Aesult Reamarks
1(1) | =15V Supply 2.0 1K cw [FUNC| Sqr | cw |See DM Verily No 30 + 1.5 Vdo Read vollage betwaen + 15Y and
CONT temarks = 15Y on PC board.
1 {2} | = 15V Ba'ance —_ _ — - — - | Board - R3 —_ Sae remarks Malch + 16V and — 15V readings
+15v within 10mV. Ael gnd is TPT.
1{% —_— — — - - - — | Beard - Verily — —
— 15V
2 + 5V Supply — — —_ —_ — — | +5Y — — — +5 & 25Vdc
a - 5¥ Supply — —_ -_ — — — | —5¥ — m — -5 = 25 Vdo
4 + 23V Supply - - — — - — | FB - - - +21.8 1.1 V¥dc
5 - 23V Supply — — _ - — — | FB2 -— — — -219 = 1.1 Vde
3l Powar Ampl Zero — — — — de | cow | FUNC — R258 Yes | 0 + 20 mVdc
' our
7 Preamp Zero —_ — —— - -— oW — — A1B5 —
8 Top of Dial Symmatry i — — — Sar —_ — Scope A58 — Asym < 1ps Set 1ot min asym. (Set by alternale
iriggering of scope =+ slope))
a VC@ Nuil .02 oK | — - — - — —_ RG5 —_ See ramarks Set tor min freq shift when VCG is i
grounded. Repeat sieps 6 and 9 as
RECEBSAry.
10 100:1 Symmeiry — — — — —_ —_ — - RS4 — Asym < 1us Set for min asym. _
t1 10001 Freguency - — cow — —-— — _ Counter R63 — 160 (+0,—20) Hz
12 Triangle Olfae! 2.0 1K oW - Tri - — DV Ri7 - 0 x 20 mide
13 {13 | Sine Diglartion — —_ — — Sne | — - Disl. R159 — <.18%
13(2) — - — 106 | — —_ —_ —_ —_ Analyzer R165 <.35% I not <Q.35%, perform slep 28
Verity and continue with step 13,
14 {13 1 Trlangle Trigger —-— 1K — {FUNG| Tri — —_ DVM R51 — o+ 20my Note reading for use In next step.
Bassline TRIG
14 (2} — Tra- — —_ — — — — Scope Bee — Step 14 (1) read- Verily 1he dc limils,
varss remarks ing = 180 m¥
15 Sine Trigyar Baseline — - - -~ | Sina — —- — - _
16 [1) | Dial AHgnmenl 2.0 —_ — |FUNGC| Sar — | 8YNC Counter R81 — % kHz + 10 Hz
CONT ouT
16 (2) —_ 0.2 _ — — — —_ —_ — Verify — 100 + 10 Hz Il satislactory BKip 1o step 18 (1),
16 (3) _— Ses — — — —- — — - R81 -_ 2.088 kHz x 10 Remove dial and sel the shal cow.
ramarks Hz ~
16 (4) — - - -— — — - - — See — 200 = 20Kz Replace dial, align to 0.2, tighlen
M sat scraw and verify selting. _
17 Dial Tracking Ses 1K — —_ — — —_ — Verlty — Dial mark + 40 Verily Irequency at each major gial
ramarks ’ Hz mark. .
18 {1} | X10M Frequency 20 10M — —_ —_ —_ —_ Counter C37 — 200 MHz % 100 Optlimize CE6 value il setting is out
' ] kHz of range for C37,
18 {2} —_ See — — -_ - — — — Verify —— Dial mark vVerify frequency al each major dial
remarks + &00 kHz mark, Retouch C37 selting if
necessary.
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Table 5-1. Callbration Procedure (Continued)
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Frag | Vern! Tast 8500
Tesat Dial Mult | Sym | mode | Func Ampl {Point]  Taster Adjust | Load Rosult Remarks
19 (1) | XM Frequency 20 iM | cw |FUNGC| Sgr - [SYNC| Counter varity Yes See remarks Trim G233 to Set 2MHz treq
CONT aut betwean 2,020 and 2.040MH2
19 {2} — Major = m - — — — — Verity -_ Dial mark
Dibv. + 40 kHz
20 X100K Freguency 2.0 100K - —_ — — e — - — 200 = 40 kHz Dplimize R39 value il necessary
21 X10K Frequency 10K — —_ — — —_ - Yerify — 20 = 4 kHz
22 Capacity Mult a1 100 —_ - —_ - FUNGC Scope 105 -— < 20u8 Set lor min asym. {Veriy irmpartan|
Syrmmetry QuT for low lreq sine disl)
23 (1) | Capacily Mull 20 - — — — — |S¥YNC| Counter R102 — 1995 + 5 Hz2
Frequency ouT
23 (2) —_ - 10 — —— — _ — - Verity — 60 = 1 ms Relouch R1Q7 salting il necessary
23 (3) —_ — 1 — — — — _ — -— — 500 £ 10 s
23 4) —— -— 0.2 _ — — — — — — — 55 + 100 ms
24 Low Frequency - 1K — — —_ — [FUNC Scope R254 — See remarks Adjus! the "Corner Shape™ lor just
Aberrations QuT nohceable peaking
25 {1} | Function Cutpul — - — — Sine - — DVM 1203 — 535 vmms £ 01V
Amplitude .
25 {2} —_— 5 00K | — — | Ses re- — —_ Scope Ses —_ 15 Vpp [~ 0, Verily sine, 1ri and sgt ampl
o marks remarks + 1 5¥)
268 High Fregquency — 10M — _ Sqf — —_ Sample R245 — <6 Vpp Waorst case abarrations not 1o
Aberrations Scope Az — euceed 4% of lull amp! lor each
peak.
27 Square Wave Rise & —_ _— — — — - — Werity - < 13ns
Fall Time
28 {1} | Harmanic Conlenl See re- - - - Sine — — Spec. — —_ <27 dB ook tar worsi case over cahbrated
marks Anatyzer dial travel
2B (2) _ 1M —_ — — -— — _— — <33 dB
29 {1) | Sine Aoil-olt 10 _ — — - See —_— G AMPLI- —_ 1TH5dBm + 1dB Set QUTPUT ATTN 1o - 10 B
TUDE Set AMPLITUDE 10 17.5 dBrn +
1dB.
29 (2} — Sege re- — — —_ —_ Hold | — — See — 175dBm = 2 dB | Look Ior worst case over calibrated
matks setting remarks dial travel.
29 (3 _—_ —_— 10M —_ -— — — —_ — — —_ 175. dBm 2 1 dB




./IarnquTxL Plus.com
w1

A ——

Tt

=
Lead

P b
' 1
Vo
bod

gl

bowa

z =, —sum 83
—1210= = b= O o
— - O — —w— [ Rt
5 @ete | | I geir—
o - = = -
= ) e—e E SANY = Y- N Y =&
— 15— —Ly T e D by
|1 ‘e T N e
11l = e B0 —0g— g ——
= Lo BT @ “Tolkd
= + o= | = O ;
2 22 [ = +— n_Om_ml_l...' l_mlm___ml
—— e — = | L3 =i —
= | B d Z e
PR oo E e =a
— w = - 8] ﬂim,@_w_%sm T g Q ] .
z - N ) - B
— % | _ﬁllr_ Q=2 Vs it e 7
L= =3 Pt (W) =, oML S, !
2 3 = _d.muﬁmlw, £ mmum\\mn_,_oo_m —a—
R = A EB T m=
+o—¢ £ e IIET' =007 gzl sr— T e T .
a - ﬁ_l_sl ks e = =~ v
L - S LF AT e | [ = £
e = i S ml I oy .
SR, IR = I E
- pY = Pl == = 8
“ N o 2 2E Bl ] = ——53
o ¥ m_mh‘ £ 5! _n_ml| 51 S el
— [ -
P T — = o ). —l =
- = = llﬂuh.ul . =]
. Ittt I
b _\.. 4 Bt R~ O[O 4% .
= Bl |= —qy— =iz | —¥H— Tr
= gs T Eodeien ) oo L el £ m
T s e v oS
s_ mw gl 5| e "mmm Q m,_.c 8- |§mH|- &
4 gl & E—ww— 15 =UTE 1 - —~ - 3=
2l . v AL T
E By — -— =y = mu — g
Ll — b= —h
IR R i SRR = = B
— —I - — L ||I|._..|m....T.I —[Y— S -r/ =) —EH— .._.Iml
2 _ e, NN — —_—
=[5 | Flomeoon —eeegeiin gt 2
¥ B | B %
mQ 1| L LT e 1 R
& T _| =ik~ -wﬁun, HIH W 14% n..,_l
s & —18lH— 1Y =]
‘\ esom 0] ] VRS
= = 1 = |
gt 1 i
] -.l._.m_qﬁ.l—_lim:xi | B &
S = VaNTT R N A
s 2 & e o e
& - — — =ity mm.ﬂ“ w#_ EE tmmwl ﬂ.._
o il T ARSI | | B R g
TR B ol m m___wrmlmsum Vi e
m%mmmmmmww : .Hmm Q..f/m TN Sy g
] T iy ¥l - & 1 = i1 O,../r = = = o _——
=zt~ 3 2 [=E==] ‘_,._Ln_,_do g W8 S5 —— ™ =
—_———1 - - = Lnl—enal mmmmm = = ..mu.mc HLy w— IDII M
=2 5 17 =%
g I+ = gy HTHIT B SR R e —HDO— e
” - r _m.ln.. m —kid— —fli—- =ilii= g i\ 11 | = LM B3 OH.
i [ A“Hu 1 —4uM—  4ld mmeTJmﬁmmmHHHU —_
= mm_a_...r —— . +_ k4 AT Rl 7T pa E
= 8T A = o =
g 2 L8 18 =Y _aae o
= Qe

5-4

Catibration Points

Figure 5-1.



6.1 FACTORY REPAIR

Wavetek maintains a factory repair department for
those customers not possessing fthe necessary per-
sonne! or test equipment to maintain the instrument. I
an instrument is returned to the factory for calibration
or repair, a detailed description of the specific pro-
blern should be attached to minimize turnaround fime.

6.2 BEFORE YOU START

WARNING

With the covers removed, dangerous
voltage points may be exposed. Contact
with any of these points could cause
serious injury or death.

Since no troubleshooting guide can possibly cover all
the potential problems, the aim of this guide is to give
a methodology which, if applied consistently, will lead
to the problem area. Therefore, it is necessary to
famifiarize yourself with the instrument by reviewing
the functional description and the detailed circuit
description in conjunction with the schematic. Suc-
cessful troubleshooting depends upon understanding
the circuit operation within sach functional block as
well as the block relationships.

For pulse problems, refer to paragraph 6.5. For al!
other problems, refer to paragraph 6.3.

6.3 MAIN BOARD TROUBLESHOOTING

Table 8-1 gives an index of common symptoms for the
main board. (For pulse board troubleshooting, referto
paragraph 6.5.) For each symptom a troubleshooting
guide is referenced (Paragraphs 6.3.1 through 6.3.15}
that, when correctly followed, will lead to a solution to
the problem.

The main board troubleshooting guide is arranged in
three {3) levels:

1. Identify improperly set controls.
2 Isolate the faulty functionat blocks.
3. Identify the faulty circuit or component.
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SECTION
TROUBLESHOOTING

Individua! component troubleshooting is given in para-
graph 6.8, recommended lest equipment is given in
paragraph 5.2 and circuit schematics are in the back
of this manual.

in all problems:
Double check for proper control settings.
Calibrate or rule out calibration as a problem.

3. Inspect compenents, wiring and circuit boards for
heat damage.

4. Recalibrate as necessary after circuit repair.

Find the instrument symptom caused by main board
in table 6-1 and proceed as directed to the proper
troubleshooting paragraph. See paragraph 6.5 for
pulse board related probiems.

Table 6-1. Main Board Related Symptoms

Symptom Paragraph
Fuse blows, no dial lamp. 8.3.13
Power supply = 100 mVp-p ripple or out of §.3.2
specification.
Function cut {all functions) distorted or 8.3.3
missing.
Square output distorted or missing. 6.3.4
Sine wave output distorted or missing. 8.3.5
Triangle output distorted or missing. 636
Sync output distorted or missing (FUNG ouT 637
normall.
Excessive high frequancy sine or triangle 6.3.8
roli off, excessive square wave overshoot and
riseffall tima. ’
Low frequency square wave tilt. 6.3.9
Time symmetry cannot be adiusted within 63.10
specifigation.
Frequenty accuracy and dial response 6.3.11
problams. ]
Trigger, gate and trigger baseline problems. 6.3.12
Yoltage at VCG IN connector not changing 6.3.13
frequency properly.
DC offset not functioning correctly. 68.3.14
Yariable symmeiry problems 6.3.15

6.3.1
1. Fuse size incorrect for voltage setting.

Fuse Blows, No Dial Lamp

6-1



Line voltage selector incorrectly positioned.

Disconnect P5. if ac voltages are now correct,
refer to the power supply guide, paragraph 6.4.1,
#f not, inspect the transformer and power
receptacle.

6.3.2 Power Supply 100 mVp-p Ripple or Out of
Specification

1. Check line voitage selector for correct position.

o it the supply is OV, check for a short between the
faulty supply and ground by lifting the jumpers at
rear of the board and removing the pulse board..

3. Lift P5 from the board. If the voltages at P5 are not
close to the values shown on the schematic table,
inspect the transformer and power receptacie. If
the voltages are normal, connect P5, then fift the
jumpers (rear of board) for faulty supply. |f the
supplies are still bad, refer to paragraph 841 It
not, the problem is caused by an excessive cur-
rent drain by the generator circuits.

6.3.3 All Waveforms at FUNC OUT Distorted or
Missing
Improperly set controis:

1. OUTPUT ATTEN or AMPLITUDE controls incor-
rectly set too low for scope gain or valimeater
range.

5 FUNCTION switch incorrectly set to DC or
PULSE/BURST.

3 MODE switch incotrectly set to TRIG (FUNG) or
GATE (FUNC}) or BURST medes.

4. SYM or DC QFFSET buttons depressed.

Functional block isolation:

1. Verify power supply voltages are within * 5% of
nominal, with less than 100 mVp-p of ac ripple. I
not, refer to paragraph 6.4.1

o Check for a nonlinear triangle. If the triangle is
noniinear on only one range, check for a leaky
capacitor on that range., If the triangie is nonlinear
in more than one range, check for leaky capaci-
tors or faulty active components in the frequency
multiplier and triangie buffer circuits.

3. If the waveform is bad in one of the four lowest
ranges (1, 1, 10, 100), but the remaining ranges
are normal, refer to the capacitance multipiier
guide 6.4.9.

4. If the wavelorm is bad only in 1M or 10M FREQ
MULT positions, refer to paragraph 6.4.3. If the

&-2
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delay compensation circuit appears normal, refer
to figure 6-1.

5. | square wave symmetry, measured at FUNC
OUT, is out of specification and cannaot be cali-
brated, refer to paragraph 6.3.10.

6 If none of the above conditions apply, refer to
figure 6-1.

6.3.4 Square Wavs Distorted or Missing
lmproperly set controls.

1. SYM button depressed.

5 Excessive do offset overdriving output amplifier.
3 Function switch improperly set to PULSE/BURST.
4

Incorrect PULSEfSQUARE QUTPUT button
depressed.

Functional block isclation:

1. Verify power supply voltages are within 5% of
nominal, with less than 100 mvp-p of ac ripple. If
not, refer to paragraph 6.4.1.

5 If the waveform is bad in one ot more of the four
towest ranges (.1, 1, 10, 100), but the remaining
ranges are normal, refer to paragraph 6.4.9.

3. If symmetry is not in specification and cannot be
caliprated refer to paragraph 6.3.10.

4 1f none of the above conditions apply, refer o
figure 6-2.

6.3.5 Sine Wave Distorted or Missing
improperly set controls:

1. SYM bution depressed

5 Excessive dc offset overdriving cutput amplifier.

Functional block isolation:

1. Verify power supply voltages are within £5% of
nominal, with less than 100 mVp-p of ac rippie. !If
not, refer 1o paragraph 6.4.1.

2 Check the triangle for nonlinearity at FUNC OUT.
I it is nonlinear, but only on one range, check for
a leaky capacitor on that range. If the triangle is
noniinear on more than one range, check for a
leaky capacitor or faulty active component in the
frequency multiplier and triangle butfer circuits.
{NOTE: Some norlinearity above 200 kHz is Nof-
mal and not specified.)

3. |f the waveform is bad in cne or more of the four
jowest ranges {.1, 1, 10, 100}, but the remaining
ranges are normal, refer to paragraph 6.4.9.
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+ 15V SQUARE

WAVE AT R222

ON MAIN BCARD
7
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CHECK U2
PINS2. 4,5
ON PULSE
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ECL SQUARE vES
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Figure 6-2. Square Output Troubleshooting
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SINE QUTPUT
DISTORTED OR

MISSING

w
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”?
k4 h h 4 ¥
fEEER T areks e creor

N

GUDE e 18 PREAMPLIFIER AMPLIFIER PR AN

o GUIDE 6.4.14 GUIDE 8.4.15

Figure 6-3. Sine Owtput Troubleshooting

4. Verify that square wave symmetry, at FUNC QUT,
is in specification. lf not and cannot be calibrated,
refer to paragraph 6.3.10.

5. If none of the above conditions apply, refer 1o
figure 6-3.

6.3.6 Trangle Distorted or Missing

improperly set controls:

1. SYM buiton depressed.

2. Excessive dc offset overdriving output amplifer.

Functional block isolation:

1. Verify power supply voltages are within +5% of
nominal with less than 100 mVp-p of ac ripple. If
not, refer to paragraph 8.4.1.

2. Check the triangle for nonlinearity at FUNC QUT.
If it is nonlinear, but enly on one range, check for
a leaky capacitor on that range. U the triangle is
nonlinear on more than one range, check for a
lgaky capacitor or faulty active component in the
frequency multiplier and triangte buffer circuits.
(NOTE: Some nonlinearity above 200 kHz is nor-
mal and not specified.)

3 If the waveform is bad in one or more of the four

lowest ranges {1, 1, 10, 100), but the remaining
ranges are normal, refer to paragraph 6.4.9.

4. Verify square wave symmetry at FUNC OUT is in
specification. 1f not and cannot be calibrated,
refer to paragraph 6.3.10.

5. if none of the above conditions apply, refer ©
figure 6-4.

6.3.7 Sync Qutput Distorted or missing (FUNC
CUT Normal)

Improperly set controis:

1. Because the FUNC OUT is normal, this cannot be
caused by improperly set controis.

Functional block isolation:

1. If there is no ECL sguare wave al U6 pin 10, refer
to paragraph 6.4.7. If there is an ECL square
_ wave, refer to paragraph 6.4.8.

8.3.8 Excessive High Frequency Sine or Triangie
Roll Oft

Improperly set conirols:
1. Excessive dc offset overdriving output amplifier.

B-5
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AMPLIFIER ATTENUATOR
GUIDE 8.4.16

Figure 6-4. Triangle Output Troubleshooting

2. Verily 500 ioad on the cable at oscilloscope end.

Functional plock isolation:

1. Verify power supply voltages are within + 5% of
nominal with less than 100 mvp-p of ac ripple. If
not refer to paragraph 6.4.1. Use a X10 probe with
a very short ground lead and a spectrum analyzer,
RF voltmeter or a 200 MHz handwidth scope
when performing sine of triangle roil-off tests.

2. i none of the above conditions apply, refer o
figure 6-5.

6.3.9 Low Frequency Square Wave Tilt
improperly set controls:
1. Scope improperly set 10 ac.

Functional biock isclation:

1. Verify power supply voltages are within 5% of
nominal, and less than 100 mVp-p of ac ripple. If
not, refer to paragraph 6.4.1

2. 1f none of the above conditions apply, refer 10
figure 6-6.

6.3.10 Time Symmetry Cannot Be Adjusted To
Within Specifications

Improperly set controls:

66

1. 5YM button depressed.
2. Function swiich improperly set to PULSE/BURST.

Functional block isolation:

1. Verify power supply voltages are within =5% of
nominal, with less than 100 mVp-p of ac ripple. I
not, refer to paragraph 6.4.1,

2. If symmetry is out of specification in one of the
four lowest ranges (.1, 1, 10, 100), but the remain-
ing ranges are normal, refer to paragraph 6.4.9.

4. |f symmetry is out of specification on FREQ MULT
settings 1M or 10M only, refer to paragraph £.4.3.

4. |f the voltages across R86 and R97 are nol equal
(typically 3.8V, Freq Dial: 2.0 Freq Mult: 100K or
less), refer to paragraph 6.4.2

6.3.11 Frequency Accuracy and Dial Response
Problems

Improperly set controls:

1. SYM button depressed.

2. External signa! connected to VCG in BNC.
3. VERNIER not in FREQ CAL position.

Functional block isolation:
1. Verify power supply voltages are within 5% of
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Figure 6-5. High Frequency Waveform Troubleshooting

nominal with less than 100 mVp-p ac rippte. I not,
refer to paragraph 6.4.1.

If the problem occurs in one of the four lowest fre-
quency ranges (.1, 1, 10, 100), but the remaining
ranges are normal, refer to paragraph 6.4.9.

If the freguency accuracy is out of specification
on FREQ MULT settings 1M and 10M, refer to
paragraph 6.4.3.

If the frequency is out of specification, but only on
one range, check the range capacitor for that
range.

if the problem occurs on the 1K, 10K, or 100K
range, check the range capacitor.

On the 1K range and frequency dial set at 2.0,
check for 3.8V across R86 and RI7. As the diai is

rotated, this voliage should linearly track the dial
settings within + 3% of full scale. if not, refer to
paragraph 6.4.2.

If none of the above conditions apply, refer 1o
figure 6-7.

6.3.12 Trigger, Gating and Trigger Baseline
Problems

Improper'y set controls:

1. MODE incorrectly st to other than TRIG (FUNC)
or GATE {(FUNC).

2. FUNCTION incorrectly set to DC or PULSE/
BURST with improper PULSE DELAY or PULSE
WiIDTH settings.

3. DO QFFSET overdriving output amplifier.
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Low Frequency Square Wave Troubleshooting
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Figure 6-8. Trigger Gate Troubleshooting

Functional block isolation:

1.

verify power supply voltages are within +5% of
nominal, with less than 100 mVp-p of ac ripple. If
not, refer to paragraph 6.4.1.

if the trigger baseline cannat be calibrated within
specification, set MODE to GATE and monitor the
emitier of Q19. With TRIG IN disconnecied, rotaie
the TRIG LEVEL ccw. The voltage should go
about —0.7 Vdc. Rotating the TRIG LEVEL cw
should change this voltage to about + 1.8 Vdc. If
these voltage readings are normal, check CR18
and CR19.

If none of the above conditions apply, refer to
figure 6-8.

For high frequency (1M and 10M ranges) trigger
of gate problems, set the controls as follows:

Frequency Dial 2.0

FREQ MULT: 10M

SYM: OFF

MODE: TRIG or GATE

{Depends on symptom-
GATE preferred)
TRIG LEVEL: 12 o'clock

Set the scope as follows:

Horizontal: 20 nsfdiv

Vertical: 1 Vidiv
inject 2 15 MHz 1 Vp-p trigger signal and reter to
figure 6-9.

6.3.13 Voltage At VCG IN Connecior Not Chang-
ing Frequency Properly

improperly set controls:

1. Excessive VCG IN voltage for dial setting {maxi-
mum input voliage is + 5.0 Vdc with the gial set at
02 and the Freq VERNIER turned ccw).

2. Mode control improperly set 1o a BURST mode.

Functional block isoiation:

1. Set the freguency dial to 2.0, FREQ MULT to 1K,
and VCG IN with no input. Measure voltage
across RB6 and RS7 (+ 3.8 Vdc). In addifion, as
the frequency dial is rotated, the voltage linearly
tracks the dial settings within + 3% full scale. If it
funciions properly, check RB67, RB8, R69 and
associated circuitry, but if not, refer to paragraph
6.3.11.

8-9



ManualsPlus.com

YES

ECL
PULSE
AT US PIN 122
{19 ns PULSE IN
TRIG MOOE}

YES

R

REFER
TO TRIG
BASELINE GUIDE
6411

k

CHECK U3

PING 2, 4,5
ON PULSE BOARD
AND J3 PINS 1,2

HiGH FREGQ
TRIGGERIGATE
FROBLEM

LEVEL GAN

BE ADJUSTED TO™_ NO
ATTAIN AN EGL LEVEL
PULSE AT M4 l
PIN 72 CHECK L2
PINS 2
THROUGH 5
AND ASSOCIATED
CIRCUITRY

k

GHECK
U4 AND
ASSOCIATED
CIRCUITRY

Figure 6-9. High Frequency TriggetiGate Troubleshooting

6.3.14 DC Offset Not Functioning Comecily
Improperly set controls:

1. Signal peak plus offset exceeding + of — 7.5V
{with & 508 load), or = 15V open circuit,

2 Check QUTPUT ATTEN since this also attenuates
ouiput offset.

Functionai block isolation:

1. Verify power supply voltages are within +5% of
nominal with less than 10 mVp-p of ac rippte. if
not, refer to paragraph 6.4.1.

o Take the lollowing voltage measurements with
the DC OFFSET button depressed and the DC
OFFSET control rotated cw:

a) The junction of rea0 and C116 should vary
from +8.0V to —8.0V.

b) U2 pin 2 should hoid at 0.0V.

¢} U2 pin 6 should vary from — 1.0V to +1.0V.
{Drifting of this voltage is typical because of
constant campensation by U2 of variations in
putput transistor currents.)

6-10

3. If none of the above conditions apply, refer to
paragraph 6.4.15,

6.3.15 Variable Symmetry Probiems
improperly set controis:
1. SYM button is incorrectly extended.

5 Note: When SYM is depressed the output frequency
should be one-tenth the selected frequency.

DC offset is overdriving the output amplifier.
Mode switch incorrectly set 1o a BURST mode.

Functional block isotation:

1. Verify power supply voltages within 5% of
nominal with less than 100 mvp-p of ac ripple. ]
not, refer to paragraph 6.4.1.

2. When the voltage at the right leg of R88
(VERNIERISYM CW) is — 15V and when the volt-
age at the left leg of R88 (VEBNIER/SYM COW)is
— 15V, refer to paragraph 6.4.2. if not, check R88
and SW8.



6.4 CIRCUIT GUIDES

Circuit guides provide listings of voltage levels, wave-
forms, and hints that, when used with the schematics,
are helpful in isolating faulty circuits. Table 6-2 is an

index of circuil guides.

Table §.2. Circuit Guide Index

Circuit Guide Paragraph
Power Supply 6.4.1
Current Source 6.4.2
Loop Delay Compensation 6.4.3
Current Swilch 6.4.4
Hysteresis Switch 6.4.9
Triangle Bufter 6.4.6
Zero Crossing Deteclor 6.4.7
Sync 6.4.8
Capagcitance Muttiplier 6.4.9
Trigger 6.4.10
Trig Baseline 6.4.11
Square Shaper 5.4.12
Gine Converter 6.4.13
Preamplifier 6.4.14
Qutput Amplifier 6.4.15

6.4.1 Power Supply Guide

1. To determine a faulty power supply, check for

the voltages given in table 6-3.

Table 6-3. Power Supply Checks

Maximum KMaxmum
Regulator Reguilator
Input Output
Voltage Ripple Ripple
Supply Tolerance PP [{ag )]
+15Y Balancg 30 £ 1.5 Vde — _—
(a}
+15Y (03] 1.5 Vac 10 my
15V {ch 1.5 Vac 10 my
+ 5V + 750 rmV 1.5 Vac 10 mv
—BY =750 mv 1.5 Vac 10 my
+ 23V =115 Vdc 1.5 Vae 10 my
— 23V +115Vde 1.5 Vac 10 my
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if the regulator input is bad, remove PS and
check for:
a. Shaorted or open diodes {CR1, CRZ, or CR3].

b. Shorted or cpen capacitors at the input of
the regulator.

AN

c.  Short between the regulator metai mount-
ing tab and chassis ground.

3. If the regulator input is good, check for:

a. Shorted or open capacitors at the output of
the regulator.

b. Short between regulator metal mounting
tab and chassis ground.

¢c. Excessive loading by main board circuits;
to verify, lift jumper of the appropriate
supply.

d. If all of the above canditions appear nor-
rnai, replace the voltage regulator.

6.4.2 Curreni Source Guide

Top of Dial Check: Set the contrels as follows; then
perform the checks in table 6-4.

Control Setting
Frequency Dial 20
FREQ MULT 1K
VERNIER FREQ CAL
SYM Oft {extended)

VCG IN Discennectaed

Table §-4. Curfrent Source Check (Top of Dial}

Test Point Desired Results
U14 pin 7 -5+ 5Vdc
U13pins 1,2 -5 + 5Vdc

Measure across R83 + 3.8 = .38 Vdc

U8 pin B —10.3 & 1.03 Vdc
Measure across R84 and R93 | +3.8 = 38 Vde
U13 pin 8 | 0 = .01 Vdce

U7 pin 6 +10.2 = 1.02 Vde

Measure across R86 and R97 | +3.8 = .38 Vdc

{a) Measured between +15Vand — 15V supplies.
() Measure and note + 15V supply (¥ 15}
(€] =15 supply = — |V 5 £ OV|

VCG Check: Set the cenirols as follows; then perform
the checks in table 6-5.

611



Control Setting
Fraguency Dial .02
FREQ MULT 1K
VERNIER Full cow
SYM Off (extended)
VCG IN +5.0 Vdc input

Table 6-5. Current Source (VCG IN)
Test Point Desired Results
Uz pin 6 + 1438 £ 1.44 Vdc

U8 pin 6 (disconnect VCG IN) | — 14.3 = 1.43 Vdc

10 MHz Range Check: Set the controis as shown
below, then perform the checks in table &-6.

Control Setting
Frequency Dial 20
FREQ MULT 10M
VERNIER FREQ CAL
SYM Ofi (exiended)
VCG IN Disconnected

Table 6-6. Current Source Check (10 MHz Range)
Test Point Desired Results
Measure across R8g +5.9 + 59Vdc

+6.05 + .61 Vdc
—8.2 + .82 Vdc

Measure across R83

U8 pin 6

Variable Symmetry Check: Set the confrols as
shown then measure the voltage across resistors
R84, R85, RB6, RA7, RY3, and RI7. The measured
voltages should read +0.38 + 04V,

Control Settings
Frequency Diat 2.0
VERNIER 12 p'clock position
VCG IN Disconnected
FREQ MULT 1K
5¥M On (depressed)

6.4.3 Loop Delay Compensation Guide

Set the controls as shown; then perform the checks in
table 6-7.

Controls Settings
Frequency Dial 2.0
VERNIER FRECG CAL
VCG IN Disconnected
FREQ MULT 10M
SYM Off (extended)

6-12
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Table 6-7. Loop Delay Compensation Checks
Tesi Point Desired Results
Q1 and Q2 emitiers + 9.2 + .82 Vdc

Q4 base and collector, +85 + 9vde

Q2 base

Q2 coflector +0.68 + .07 Vdc

Q3 and Q4 emiiter —-9.05 * .91 Vac

Q3 and Q4 base —832 = 83 Vde

Q13 collector

Q4 collector —42 + 42Vde

410 pin 4 —16 += 16 Vde
(+ Peak reference}

U1Q pin 8 —217 = .22 Vdc

(— Peak reference}

6.4.4 Current Switch Guide

Set the controls as shown; then fake waveform
measurements. Refer to figure 6-10.

Controls Settings
Frequency Dial 2.0
FREQ MULT 1K
SYM Qi {extended)
MODE CONT (FUNC)
+ 286V - - - {5ns
i TRANSITIONS)
Qi0BASE -l [ DO IR
1.8V ~ e — o — (5 ns
3 TRANSITIONS)
Q10 EMITTER | | _ 18y

+1.av-—-——-—:-— -
. i JN N P __»A-— -1
GR30 ANODE T —15v

| |
' i
—

_IFQ: Fﬂ__ + 0.4V
. S NP B L

R44 VOLTAGE DROP

+ 1.4V — -
-
CR31 CATHODEL - >LI

Figure 6-10. Current Switch Wavetorms




6.45 Hysteresis Switch Guide

Set the controls as shown; then perferm the checks in
table 6-8, and take waveform measurements. Refer to

figure 6-11.
Controls Settings
Frequency Dial 2.0
FREQ MULT 1K
5YM Oft
MODE CONT (FUNC)

Table 6-8. Hysteresis Switch Guide

Test Point Desired Resulis
10 pin 4 -0.9 = .09 Vdc
(+ Peak reference)
Ui0 pin 9 —28 + 28Vdc
{~ Peak reference)
Q7 and QB8 emitters -30 + .3Vdc

0V ———

Uig PINS
5 AND 10

0BV A |— 17— — '
U10 PIN 3 ! I -‘ -l-
} L —1.8v

08V —4—F+ —j———————
UIC PIN 6 1 ]
' — -8V
1 '
-0.8V — —'I - - _
U5 PIN 2 i |
- - —_ -18v
!
08V ——— - - 1~
Us PIN 3 |
. S —_ ——— -8V
+26Y — If - —
Q7 COLLECTOR I
o — — -tV
—2.2V % -— ——
07 BASE 1 |
_ —— - ——28Y
[
—pN———— - - l
Q8 BASE 1 o
- - —————2.
Figure 6-11. Hysteresis Swltch Wavetorms
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64.6 Triangie Bufier Guide

Sat the controls ag shown; then perform the checks in
table 69 ard take waveform measurements. Refer to
figure 6-12_ if, after setting the contrals, the gensrator
loop does not run, lift R45 at E23 and injecta + 1.0V
triangle into R45.

Controls Settings
Frequency Dial 2.0
FREQ MULT 1K
SYM Oft
MODE CONT (FUNC)

Table 6-9. Triangle Buifer Checks

Test Point | Desired Results
Qt1 drain +6.5 £ .65 Vac
Qi2 emitter 0.3 = .03 Vp-p triangle,
offset —10 = 1 Vde
Q12 base 0.3 + 03 Vpop triangle,

otfset ~9.3 + 9Vdc

013 coliector +50 *+ 5Vde

Q11 SOURCE (a)

L9 PINS 2 AND 3 l
Q11 GATE,
13 EMITTER {&)

Q12 COLLECTOR,
Q13 BASE i

U9 PIN G

{a) Requires a X10 Probe (high impedance)

Figure 6-12. Triangle Buffer Waveforms

6.4.7- Zero Crossing Detector Guide

Set the controls as shown; then take wavelorm
measuremanis. Reter to figure 6-13.

Contraols Setiings
Frequency Dial 2.0
FREQ MULT 1K
SYM Of
MODE CONT (FUNG)
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FUNCTION: SINE OR TRIANGLE

U10 PIN 13 AR A ———— TV
Q13 EMITTER - OOV
—— =10V
U10 PIN 15 - - —— -08v
[ ___J_ —18V US PIN 19 | |
I——-—— - _ —o0av I-—- I—— — ——18v
U10 PIN 14 l l - !_—o.av
- —_ e —i8¥ U6 PIN 13
I —
|__-|__' _ L I_ 18V —_ _— _—— ——18Y
10 PIN 12 FUNqION: SQUEH_E _ - =08y
{in TRIG mode - -— e =20V
N Us PIN 7
- 1.2 Vde.
nc Input, voltage is — 1.2 Vde) L L _ l__ 1y
 — — - 1~ -0.8Y
Figure 6-13. Zero Crossing Detector Waveforms Ug PIN 13
- - e = 1.BY
ALL FUNCTIONS
— — — —08Y
6.4.8 Sync Guide Us PIN 13 ! ‘
Set the controls as shown then perform the checks in == = —— - —— -1V
table 6-10 and take waveform measurements, see [ o L _ _0av
figure 6-14. I
9 Ue PIN 9 '

Controls Settings —— - -— —— =18V
Frequency Dial 2.0 :_ ' - e -0a8V
FREQ MULT 1K UBPIN1S | |
SYM Ot ] _ - 18V
MQODE CONT (FUNC) L L Y

Table 6-10. Sync Check Qs :
able 6-10. =ync Lhec couector | J_ I S T W Y
Deslred Resulis (SYNG QUT OPEN CIRCINT}
Funcilon:
Sine or Triangle Funciion: Figure 6-14. Sync Waveforms
Test Point Wave Square Wave

CR4 cathode +12 t .12 Ydo -5 = 5Vac
U6 pins 4 and B -1 % 1Vde —43 + 43 Vdc
UBping2and 11 | —18 % .18 Vdc ~0B + .08 vdc
QSIO6 emitters -1.6 * 16 Vdc -16 = 16 Vdc

6.4.9 Capacitance Multiplier Guide

Sei the controls as shown; then take the waveform
measurements. Refer to figure £15.

Controls Seattings
frequency Dial 2.0
FREQ MULT 100
SYM Qff
MODE CONT {FUNC)

6-14

Figure 6-15. Capacitance Multiplier Waveforms




ManualsPlus.com

6.4.10 Trigger Guide

- - ——— 1Y
TRIG or CONT Check: Set the conirols as shown: "
then take the wavelorm measurements. Refer to “{THIG IN) B . _ Y
figure 6-186. i || ;
ttin | | Varies betwesn —0.5 and - 2.0
Controls Settings UIZPINS | | | a5 TRIG LEVEL is rotated.
Frequency Dial 2.0 [
FREQ MULT 1K t__l - —— - —10V
MCDE TRIG (FUNC) or I
129
CONT (FUNC) VizeINd -y I I I P Y™
TRIG IN +1V 1 kHz Sgquarewave { L . oV
UAPIN? |
- - N (V) b ] —— - - —18V
8 |1 IS —-— - —08V
{TRIG IN) | — - -~V LiPIN3 |
L R S ) Y-V
U1ZPIN G { | Varies betwean —0.5and -2.0v | ; |
| | as TRiG LEVEL is rotated. ‘ |
v gamNt |1 -07vde (ECLHIGH)
- S _ —— =10V ! I :
U12 PIN 4 |
- - bl ] isvee (EoLLow
I - 1.
L -  osv U4 PIN 14 } | } c |
U4 PIN 7 I : !
- — _ ——=lBv i i : coL Lo
L L L __ _ogy usapiNs i [ —18Vde (ECL LOW)
U4 PIN 3 | } i —0.8v
- —_ —— =18V I - - -
K U4 PIN 2 !
L [ I _ L 18y
UsPINTS L ] —B0vade Figure 6-17. Trigger Waveforms {Gate)
| |
(1 - e — -0V
U4 PIN 14
- - _ — - 18V
U4 PIN & - — — — —08v 6.4.11 Trigger Baseline Guide
PULSE WIDTH: Trigger or Gate Mode Problems: Set the controls as
2ns L ——-18Y  shown; then take the waveform measurements. Refer
! - o figure 6-18. :
U4 PIN 2 e T8 g -
PULSE WIDTH: H H Controls Settings
o ns -— -1V Frequency Dial 2.0
Figure 8-16. Trigger Waveforms (TRIG or CONT) FREQ MULT 10K
SYM Off
MODE TRIG (FUNC} or
GATE Checks: Set the conirols as shown; then take %ATE (EUNC)
the waveform measurements. Refer to figure 6-17. (tofnpe% ETOEH(E‘{JH;J%}
Controls Seitings preferred
Frequency Dial 2.0 TRIG LEVEL Approximately
FREQ MULT 1K centered
MODE GATE {FUNC} TRIG IN + 1V 10 kHz Sguare
TRIG IN +1Y 1 kHz Square wave wave



— _ S |
Js
(TRIG IN} v
Y S ~-0.8V
Us PIN 12 t : } =10 ns
(TRIG ONLY) ]JJ 1 J_\ 1_\ sy
1
I
- e —08V
US PIN 12 -[
GATE ONL
( D _— _ _ -18V
L S e —— —DBV
|
US PIN 11 : {
: - _ e —18¥
_‘r_‘ b 08V
U5 PIN 14 1 l
_ _ | 1BV
1 |
: I 1|
1
Q17 EMITTER | | i | -1& £ 15 Vdc
Ly
1 — — o — +28BY
1
Q18 BASE | L
__:#_.________d . -8V
L _ e +1TV
019 EMITTER : L
—_ e bkd - —_ —-orv
[ |
[ |
| ¢t |
Q20 EMITTER | | |
AMD (I | +55 + 55Vdc
Q2! EMITTER | ! |
P! :
L |
P! |
I s e — — - — +1.0v
a13 } ' 0.6V
EMITTER v

Figure 6-18. Trigger Baseline Wavaforms

Continuous FUNCTION Mode Problems: Set the

controls as shown; then take the waveform
measurments. Refer to table 6-11.
Centrols Settings
Freqguency Dial 2.0
FREQ MULT 10K
SYM Oft
MODE CONT (FUNC)

ManualsPlus.com

Tabie 6-11. Trigger Baseline Check {Continuous}
Test Point i Desired Results
U5 pin 12 T -08 + .08Vdc
us pin 14 -1.8 £ .18 Vde
Q17 emitter —-1.5 + .15 Vde
Q19 base + 2.6 + .26 Vdc
Q19 emitter +1.7 = 17 Vde
Q20 emitter +5.5 = .55 Vde
Q21 emitter +55 =+ 55Vdc
Q13 emitier =+ 1.0V triangle

6.4.12 Square Shaper Guide

Set the controls as shown; then perform the checks in
table 6-12 and take waveform measurements. Refer
to figure 6-19.

Controls Settings
Frequency Dial 2.0
FREQ MULT 1K
SYM Oft
MODE CONT (FUNC}
FUNCTION SeeTable6-12 and FigB-19
Table 6-12. Square Shaper Chacks
Desired Results
Test Point | Sine or Triangle Square
Q22 emitter | —3.0 + .3 Vdc -30 + 3Vde
U4 pin 13 ~08 = 08vde | —4.3 = 43Vdc
Q26 base —~08 + DBVde | —4.2 * 42Vdc
QP6 emitter ! —1.6 £ 168 Vdc —40 = 4Vgc
CR24 anode | +1.6 = 16Vvdc | —15 + A5Vdc

6.4.13 Sine Converter Guide

Set the contsols as shown; then perform the checks in
taple 6-13 and take waveform measurements, Refer
to figure 6-20.

Controls Settings
Frequency Dial 2.0
FREQ MULT 1K
SYM Oft
MODE CONT (FUNC}
FUNCTION Sine
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SINEITRIANGLE

_____ +1.0v e — 410V
Q13 EMITTER
. -10V — — 10V
- - - _ _-08av 'i — -Da8v
Ud PIN 12 I !
| - _ -8V } - _ e — — -8V
E__.._T _ =22
|
-18 + .18 Vdc
Q22 BASE * 1 B . 1-__ sy
! 1 1 _29Yy
| ot o e e
1
23 BASE -8 = .08 Vdc {
L _— —_— e —28V
!
- _ — e — 12V
—
~1. 12 vdo
Q23 COLLECTOR 1.2 !, L . l o
% i__ _ —— 0 +05V
-1.2 = 12 Vd
Q25 EMITTER = C |II | L . J__ v
'[ - —— R o 1 I 1
CGR23 ANODE £.0 = 10 mVde | l
| - - —_ —D3V
|
'l__i_ I — —— 1V
Qz4 EMITTER —1.5 £ .15 Vde J 05y
Figure 6-19. Square Shaper Waveforms
U3 PIN 1
Table 6-13. Sine Converier Checks U3PING
Test Point Desired Results
Junglion . +1748 £ 1.5 Vdo
R170 and R171 U3PINSG
Junction —148 = 1.5Vdc
R173 and R174 i
U3 pin 2 0.0V (Full scale USPING
] current = 2 mA
U3 PIN 8

Figure 6.20. Sine Converter Waveforms
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6.4.14 Preamplifier Guide Table 6-15. Qutput Amplifier Checks
DC Problems: Set the FUNCTION control to DC: then Test Point " Desired Results
petform the checks in tabie 6-14. I Base I +11.7 + 1.2 Vdc
Table 6-14. Preamplifier Checks (DC} ; ;
Tast Point Desired Results Q30 - Emitter L+ 11 = 1.1 Vde
Ut pin 2 . +14.868 + 1.5V¥dc
U1 pin 3 07 = 07 Vde Collector _# 19 * 1.9 Vdc
U1 pin 13 14 = 14 Vdo Q32 : Collector +22.8 £ 2.3Vde
U1 pin 9 T07 = 07 Vac Base | —-12 = 1.2 vde
U1 pin 4 | 00z i0mY Q3t Emitter 113 £ 1.1 vde
Uit pin 8 ; 00 £ 10mv
Ut pin 12 | +58 £ 58 Vdc Collector i 19 + 19 Vdc
U1 pin 11 | +66 = 66 Vdc 033 | Colector —22.7 + 2.3 Vdo
Q27 base . +9.6 = 96Vdc Base | +18.3 + 1.8 Vde
Q27 emitter | +10.3 * 1 vdc Q36 Emitter ' +19 + 1.9 Vde
Q28 collector ! +11.3 + 1.1 Vdc Collector +0.7 + 07 Vdc
Function Prehlems: Set the controls as shown; then Q37 . Emiter |__+005 * 003 Vde
take the waveform measurements. Refer to figure Coeliector | 4225 + 23V¥do
6-21. ; !
| Controls Settings {38 Emitter | +0.05 + 005 Vdc
Frequency Dial 20 CR27 Cathode L4+23 + 23Vde
FREQ MULT 1K Anode | +06 £ .06 Vdc
SYM Off Input 431 + 31 Vdo
MODE CONT {FUNC) VRS - ° i —
FUNCTION Square Output : +24 + 2.4 Vde
Q34 Collector ] +228 + 2.3V0oc
__ _ 423V Base | —183 18 Vdc
029 BASE | Q39 Emitter o -18 £ 1.9Vde
- - -— - - —— =09V Caliector —-0.05 + .005 vVdc
— - —_———— +18Y P -
azs Q40 Emitter 0.05 + 005 Vdc
EMITTER | | _ _ ey Collector -21 £ 2.1 vdc
: — - v
Figure 5-21. Preamptifier Waveforms o Emitler 0.05 = 005 vde
CR28 Anode | -23 + 23 Vde
Q35 Base | _06 + 06 Vde
6.4.15 Outpul Amplifier Guide iN | —31 + 3.1 Vdc
Set the controls as shown; then take the waveform VRE ADJ | —219 + 2.1 Vdc
measurements. Refer to table 615 ouT | — 036 x 2.4 Vde
Controls Settings o Pin 2 0.0 + 10 mvdc
FUNGTION D& Pin 6 005 + 005 Vdc

DC OFFSET Off

618



6.5 PULSE BOARD TROUBLESHOOTING
The easiast method of isolating puise toard probiems

ManualsPlus.com

Table 6-16. inifial Seltings

is to use the front panel switches. To begin, set the Conirols . Setlings
controls as shown in table 6-16. lf the malfunction is Frequency Dial L 50
present, goto figures 6-22 and 6-23. If the malfunction - py| 5E DELAY/BURST RATE 1O0KIK
is not present, begin pressing the switches listed in VERNIER cow
table 6-17 until the malfunction ocours. Use the figure PULSE ' NORM
or table referenced to further isolate and solve the ;
probiem. PULSE WIDTH/BURST WIDTH | 10s/100ps
] . YERNIER ' ooow
Figures 6-22 through 6-33 and table 6-19 are direcily NV . Extended {noninverted
related to switch positions. Most figures associated PULSE/SQUARE OUTPUT i iy )
with the switch positions are simplified schematics, ;
timing diagrams, or troublteshooting charts. FH\EERLA:IJE;;YM : ::E:;Q A
L {cw
The simplified schematics are provided as aids SYM | Extended {‘-jEFi:ﬂ!ER
necause of the complicated logic switching of the selected)
pulse board. These schematics use solid-heavy lines MODE CONT (FUNG)
to indicate signal flow, and dashed-heavy lines to TRIG LEVEL
indicate logic control lines. Rectangles represent cir- cow
cuit blocks, most of which are covered in figures €-34 FUNCTION PULSE/BURST
through 6-44. See table B-18 for a listing of these DC OFFSET bution Extended {off)
figures. Those blocks not covered are simple circuits OUTPUT ATTEN All extended (0 dB)
and are shown on the schematics in the rear of this AMPLITUDE MAX {cw)
manual.
TP
B
K . A 5
T SIGNAL LINE J . 2 WIDTH 1 euse
EMABLE = = | ONE-SHOT 1 OUTPUT
14
1
1
= (®) puise
SW2-B E 6 SYNC OUT
L 3 ECL TO 500
J2.7 —y’ O---l--* ug ] ONSE@SOT CON- ———‘*O
{FUNC) LINE
- -0V
ENABLES @ 9
SYNC !
ONE-S5HOT |
INPUT TP10 ‘I
|
SYNC 1 !
ONE-SHOT I
OUTPUT TP1 {
I
WIDTH :
ONE-SHOT | !
INPUT TP11 :
|
WIDTH i
QOMNE-SHOT
OUTPUT TP16

_ Figure 6-22. Pulse.norm Block and Timing Diagram
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Table §-17. Puise Board Problem Swutch Posmon

Table Paragraph

Controls

Flgure

PULSE: NORM fi 6-22 and 6-23 -

PULSE DLY |6-24 and 625 |

DBL PULSE |6-26 and 6-27 I
SYNCDLY |628 an0 629 | ‘
FUNCTION: ! T 634
PULSE 22 and 523 | |
MODE: i ',
FUNC,  CONT 6-22 and 623 |
TRIG 6-30 and 31 Ii |
GATE 6-22 and 6-23 !; |
BURST: CONT 632 3nd 633 | ]
TRIG 632 and 6-33 |
GATE 632 and 633 |
PULSE/SQUARE OUTPUT: !
619
619
619
INV | 619
OUTPUT: PULSE/SQUARE OUT 619
PULSE SYNC OUT . 6190
FUNC OUT {FUNCTION. ) | 619

Table 6-18. Circuit Block Figurss

Title | Figure

T Enable Block Diagram ‘ 6-34
T Enable Troubleshooting | &35
BLY Enable Block Diagram | £-36
DLY Enable Troubleshooting 6-37
Pulse Output Biock Diagram | 6-38
Pulse Output Troubleshooting ‘ 6-39
Sync One-Shot Troubieshooting | 6-40
width One-Shot Troubleshocting : 5-41
Width One-Shoot Current Source l

Troubleshooting | 6-42
Width One-Shot Timing Diagram , 5-43
Delay One-Shot Troubleshooting ‘ 6-44
Delay One-Shot Ti)rﬂg__ l_ 6-45

6-20
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Table 6-19. PULSE/SQUARE QUTPUT Checks

Before performing the following checks, set the con-
irols as shown,

Control Settings
Frequency 2.0
FREQ MULT 1K
5YM Extended (off)
MODE CONT (FUNG)
FUNCTION n, or PULSE
PULSEISQUARE
QUTPUT Set to position for mal-

function. See table below.

switch Position for

Malfunciion Check
} SWo-A/B,
L | J2pin 9,
See paragraph 6.4.12
SWa-A/B,
T J1 pin 10,
See paragraph 6.4.12
SW10-A/B,
T J2 pins 9 and 10,
See paragraph 6.4.12
NV SWT-AIB,
(trigger on SYNC GUT) CR13,
‘ Uz pins 3, 4, 5.
FUNCTION- M, J2 pin 2,
CR12.
FUNCTION-PULSE J2 pin 1,
CR11.




CHECK J2,
CRY ANMDO TR

ECL
LOW

?

ATUZ PIN 7

CHECK U2
PINS 7, 10, 11

YES

PULSE-NORM
PROBLEMS

ECL
LEVEL

WO PULSE AT U3

YES

Ug P 4
?

ECL
NG HIGH AT YES

¥

REFER TQ
T ENABLE
FIGURES 634, 635

-

CHECK
SwWez.-B

PIN 11
?

NG

CHECK ug
PINS 2, 4,5

U2 PIN 3 AND D
TO + 50V PULSE AT
PULSE/SQUARE

ECL
PULSE AT

YES

GHECK U8
PINS 3,6, 7

ManualsPlus.com

YES

0 TO 5.0V
PLUILSE AT PULSE

SYNC QUT
?

YES

CHECK US PINS 10,
11, 14; W13 PINS 10,

11, 14 AND
ASSOCIATED
CIRCUITRY
REFER TO WIDTH
ONE-SHOT FIGIIRES
641, 642 ANC §-43
Figure 6-23.

PULSE
AT TAM7
7

Pulss-Morm Troubleshooting

REFER T SYMNC
ONE-SHOT
FIGURE 640

IMPROPER SETTINGS
DURING USE

CHECK Q26
AND Q27

h 4

REFER TG PULSE
QUTPUT FIGURES
838, 539

HOTE

GATE [FUNC) is the same as CONT (FUNC) except
CR16 on the Main Board allows GATE OUT to
follow TRIG IN signal.

8-21



REFER TC T ENABLE

FIGURES G-34, 635

NO

¥

NO

REFER TO
DLY ENABLE
FIGURES
636, 537

ECL
PULSE

PULSE

DLY

PROELEMS

AT UB PIN 14
?

AREFER TQ BLY ENABLE
FIGURES 5-36, 6-37

YES

CHEGK
sSwae

HO HIGH AT YES
Us PIN 10
7
YES
L v
GHECK U4 PING 2,45
USPINS3.6,7
CHECK SWaA AND U PINS 12,
13, 18

h 4

REFER TQ SYNC
ONE-BHOT
FIGURE 640

. ECL
HO PULSE YES
AT UG PIM 3
?

YES

CHEGK UG

PINS 3.6, 7

EGL
KO PULSE

AT TP1Y

?

CHECK LS
FINS 3, 67

CHEGK U8
PINS 10, 11, 12

REFER 7O WIDTH
ONE-SHOT
FIGURES £-41, 6-42,
543

Figure 6-25. Pulse Dly Troubleshoating

6-22

a

TO +5.06V

PULSE AT PULSE

SYNG QUT
bl

YES

b 4

IMPROFER
SETTINGS
OURING USE

CHECK 026
AND Q27

b

HEFER TO PULSE
CUTPUT FIGURES
6-38, 629

ManualsPlus.com
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DLY 6
DLY "l us
EN&BLE -------—- --F--*-
-o8v i Lowa. 7
ENABLES %)
i
1,0
1SW3-A 10,
[ 9 —------’
T UB
T T ] TriGeeR o
ENABLE 1 DELAY

9 U4A, USA, USC @

DELAY
OMNE-SHOT
ouTPUT

WIDTH
ONE-SHOT
iNPUT

TH11

Ug

SYNG
ONE SHOT

WIDTH
ONE-SHOT

PULSE

H ®

b

OUTPUT

PUULSE SYNC QUT

+5.0V
U Loy

oo

EGL TO 500
» CON-
VERTER

)

SIGNAL LINE
CONTROL LINE mwams—ane

WIDTH
ONE-SHOT
QUTPUT

TP16

SYNC
ONE-SHOT
INPUT

TP10

A
L \

SYNC
ONE-SHOT  TF1
QUTPUT

j——b

Figure 6-24. Pulse Diy Block and Timing Diagram
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.._-

DLY

|

[ ) 2-®

DLy 3
- ---------’ 9
ENABLE e 4 Sy WT2
ENABLES - -
—#{ ONE-SHOT OUTPUT
SW4-B 4 _ [
-—-h 2 14 14
2 ug
o LIS v WT1 @
! 5 PULSE SYNC OUT
I @ + 5.0V
H JUT Loov
L------: 3 SYNC ECL TO 504
ENABLE T us ONE-SHOT CON- p————PO
SIGNAL g 1 1 VERTER
LINE 6
SIGNAL LINE

DELAY
ONE-SHOT
OUTPUT

SYNC
OME-SHOT
INPUT

WIDTH
ONE-5HOT
INPUT

SYNG
ONE-SHOT
OUTPUT

WIDTH
ONE-SHOT
OUTPUT

@ O

CONTROL LINE mmmwme=

o g

Figure 6-26. Dbl Pulse Block and Timing Diagram
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L,

DOUBLE PULSE
PROGBLEMS

ECL

NO PULSE

YES

ATUE PIN 3
7

ECL
PULSE

YES
ATUS PIN G -

NO ECL PULSE AT

?

ECL
HIGH

ATUSPIN T
?

ECL

HIGH

AT UZ PIN 11
7

REFER TO Y
ENABLE FIGURES
636, 637

REFER 7O DLY ENABLE CHECK
FHGURES 6-36, 6-37 UBPINS 3, 6,7
YES
r b 4

CHECK
SWa-B

r

REFER TQ LY
ENABLE FIGURES
6-26, 537

UE MM 37

TES

REFER TO SYNC ONE-
SHOT FIGURE 6-40

ECL

HiGH

AT UB PiN 7
?

CHECK
Swid.A

YES

TO +5.0V

PULSE AT PULSE

SYNG OUT
?

oy
YES

ECL
PLILSE
AT LB PN
2

CHECK Q2

Q27

Figure 6-27.

CHEGK
UG PING 3,6, 7

CHECK Usg
PINS 2 4, 5

Dbl Puise Troubleshooting

REFER TO WIDTH
ONE-SHOT
FIGURES 641, 642,
B-43

ECL
PULSE
AT U% PIN 11
?

F

CHECK U3
PING 0, 11, 14
U13 PINS 14, 11, 14

ECL
FULSE
AT TP17

ManualsPlus.com

TO +50V
PULSE AT PULSES
SQUARE OUT AND ECL
PLILSE AT U2

PIM 3
?

NO YES

IMPROPER SETTINGS
DURING USE

?

r

REFER TO PULSE
OUTPUT FIGURES
6-38, 6-33
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MO

REFER TO T ENABLE
FIGURES 634, 6-35

NO

ECL

HIGH YES

SYNC DLY
PROBLEMS

ECL

PULSE YES

AT U3 RN 15
?

AT U2 PIN 13
?

h

ECL
NO PULSE VES

AT TR

PULSE AT

U2 PIN 3 AND D YES

NG

TO +5.0v PULSE AT
PLHLSE/SQUARE

REFER TO OLY
EMABLE FIGURES
36, 627

CHECK
SWs-AB

CHECK 04
PINS 2. 4,5
US PINS 3, 6, 7
L8 PINS 12, 13, 15

ECL

PULSE

AT UOPIN 14
7

NO

h A

GCHECK LD
BINS 10, 11, 14
U13 PINS 10, 11, 14

CHECK U8
PINS 12, 13,15

¥ ¥

NO

{
TO + 5.0V

PULSE AT PULSES

SYNC QUT
?

CHECK Q26,

Qa7

-

REFER 7O WIDTH
ONE-SHOT FIGURES
6-41, 542, 543

ECL
FULSE
AT TP14
2

REFER TO PULSE
QUTPUT FIGURES
38, B-9

REFER TO DLY
ENABLE FIGURES NO
636, 537 ;

ECL

PULSE

AT UG PIN 14
7

YES

REFER TO SYNC
ONE-5HOT FIGURE
6-40

CHECK U8
FING 10, 11, 14

Figure 6-29. Sync Dly Troubleshooting

6-26
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YES

MPROPER SETTINGS
DURING USE
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L]

’ ’ ) E B
ENABLE ™ TRIGGER 6
: 12

DELAY > 1B 1 14 WIDTH PULSE
-0.8v o o ug DONE-SHOT QUTPUT
o -——— -----. o ]
SW5- 1 PULSE
ENABLE ~ L U8 - ECL TO 508 SNt
4 BLY SIGNAL LINE 1 SYNC rosoel  £0
_ ONE-SHOT
@ N 4 VERTER
SIGNAL LINE @ pyovid
CONTROL LINE e=wssam= @ 9 J_Lﬂ 0.0V
DELAY
DNE-SHOT T \l
OUTPUT
I
WIDTH 4 |
ONESHOT 101 f\ |
INPUT ! ;
WIDTH I !
ONESHOT (P19 1/ \ :
OUTPUT :
SYNG '
ONESHOT P10 :/ \
INPUT :
SYNG :
ONE-SHOT 101 '} \
QUTPUT
Figure 6-28. SYNC DLY Block and Timing Diagrams
TLSEL —5¥ CRO <CR10 —1.8V 9
ENABLES . ENABLES 7 —~0.8Y
J2-1 PR T -l e ENABLES 5 ; _0BY
EROM FUNCTION SELECTOR (MAIN BOARD) vron it TS ENABLES )
J2.7 T L 2 14
a1 & ENABLED RS T
GATE = SIGNAL LINE = ———— 11
ouT

CONTROL LINE wmmm=ma=

Figure 6-30. Trig (Func) Block Diagram
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N O S O ---------"

—0.8Y ENABLES
13 - - ———— - —— - —— - I —
s >emer BURST 2
GATE (BURSTY L mmmmmm=p() U1 ==y GATE ENABLE
CONT {BURST) | 15 T H
.------------- - !--- - --h“'ﬂ--.‘
—0.7V ENABLES H : !
1 i 10 DLY DIS — 0.8V a7 i
[ ]
i L7 L i s gy 1 . e Q19 OFF :
- 0.8V} 1.8y :
: : O——+ oy | o0 8 ;
G -
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6.6 TROUBLESHOOTING INDIVIDUAL

CCMPONENTS

6.6.1 Transistor

1.

A transistor is defective if more than one volt is
measured across its base-emitter junction in the
forward direction,

A transistor when used as a switch may have a
few voits reverse bias voltage across base emitter
junction.

if the collector and emitier voltages are the same,
but the base emitter voitage is less than 500 mV
forward voitage (or reversed bias), ihe transistor
is defective.

A transistor is defective if its base current is
larger than 10% of its emitter curremt {calculate
currents from voitage across the base and emitter
series resistors).

In a transistor differential pair ({common emitter
stages), either their base voltages are the same in
normal operating condition, or the one with less
forward voltage across its base emifter junction
should be off {no coliector current), ctherwise,
one of the transistors is defective.

6.6.2 Diode

A diode {except a zener) is defective if there is greater
than one volt (typically 0.7 volt) forward voltage
across it

6.6.3 Operational Amplifier

1.

The “+" ang “-"" inputs of an operational
ampiifier will have less than 15 mV voltage differ-
ence when operaiing under normal cenditions.

When the output of the amplifier is connected 1o
the =" input {voltage foliower connection), the

6-38
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3 (3]

output should be the same voltage as the " +
input voltage: otherwise, the operational amgptitier
is defective.

3. If the output voltage stays at maxirnum paositive,
the "'+ input voliage should be more positive
than " — " input voltage, or vice versa, otherwise,
the operational ampilifier is defective.

6.6.4 FET Transistor

1. No gate current should be drawn by the gate of an
FET transistor. If so, the transisior is defective.

2. The gale-to-source voltage is always reverse
biased under a normal operating condition: e.g.,
the source voltage is more positive than the gate
voltage for 2N5485, and the source voltage is
more negative than gate voltage for a 2N5462.
Otherwise, the FET is defective.

3 if the device supplying gate voltage to an FET
saturates, the FET has too large a vgs (pinch off}
for the circuit and should be replaced.

6.6.5 Capacitor
1. Shorted capacitors have OV across their terminals.

2. Opened capacitor can be located (but not always)
by using a good capaciter connected in parallel
with the capacitor under test and observing the
resulting effect.

3 Leaky capacitors wili often have a decreased voit-
age across their terminals,

6.6.6 Digital ECL ICs

1. The device is operating correctly if the output high
siate is —0.B1 to —0.96Y and [ow stateis —1.65
to —1.85V.

2. The input must show the same two levels as in
step 1.
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SECTION
PARTS LIST AND SCHEMATICS

7.1 DRAWINGS summarize the changes made and is inserted in the ship-
ping carton with this manual. i no errata exists, the

The following assembly drawings, (with parts lists} and manual is correct as printed.

schematics are in the arrangement shown balow. .
7.2 ORDERING PARTS

Whenordering spare parts, please specify part number,
circuit reference, board, serial number of unit and the
tunction performed.

7.2 ERRATA

Under Wavetek's product improvement program, the
fatest electronic designs and circuits are incorporated
into each Wavetek instrument as quickly as devel opment NOTE

andtesting permit. Because of the time neaded to com- An assembly drawing number is not
pose and print instruction manuals, it is not always necessarily the assembly part number.
possible toinciude the most recent changes in the initial However, the assembly paris list number is
printing. Whenever this occurs, an errata is preparedtoc the assembly part number.

DRAWING DRAWING NUMBER

instrument Schematic
Instrument Parts List
Chassis Assembly
Chassis Parts Lisis

Generator Board Schematic
Generator Board Assembly
Generator Board Parts List
Generaior Board Switch Assembly
Generator Board Switch Parts List

Pulse Board Schematic

Pulse Board Assembly

Puise Board Parts List

Pulse Board Switch Assembly
Pulse Board Switch Paris List

Rear Pane| Assembly
Rear Panel Paris List

Front Pane! Assembly
Front Panel Parts List

0004-00-0181
1000-00-0181
0102-60-0951
1101-00-0951

0103-00-2926
1100-00-2926
1100-00-2929
0102-06-0953
1202000953

0103-00-0948
1100-00-0946
1100-00-0946
0102-00-0966
1202-00-0966

0102-00-0952
1101-00-0952

M 2-00-0981
1101-00-0981
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