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WARRANTY

Wavelek warranis that all producis manufaciured by Wavelek conform to published
Wavelek specifications and are free from delecls in materials and workmanship for a period
of ona (1) year from the date of delivery when used under normal aperating conditions
and within the garvice conditions lor which they weare lurnished

The obligation of Wavetek ariging from a Warranty claim shall ba limited to repairing, or
at i1z oplion, replacing without charge, any product which in Wavelek's sole apinion proves
to be delective within the scope of the Warranty. In the event Wavebek is nol abla to modify,
repair of replace mon-conforming defectlive parte of camponents 19 a condilion as
warrantied within a reasongble iime after receip! thereof, Buyers shall be credited for fhair
value al the original purchase price

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

For product warranties requiring return 10 Wavelek, products must be returned 10 8 semvice
facility designated by Wawvetek, Buyer shal prepay shipping charges, laxes, duties and
insurance lor producis returmed 1o Wavelek lor warranty sendice, Except for products
returned o Buyer from anather country, Wavelek shall pay for refurn of products to Buyer,

Waveiek shall have no rasponsibility hereunder for any delect of damage caused Oy
improper slorage, improper instalation, vrauthorized modiication, misuse, neglect,
inadequate maintenance, accident or for any product which has bean repaired or altered
by anyone other than Wavelek or its aulhorized representalive and not in accordance with
instructions furnished by Wavelek

Exclushon of Ciher Warranties

The Warranty described above is Buyer's sole and exclusive remedy and no other
warranty, whether wrilten or oral, is expressed or implied, Wavelek specilically
disclaims the implied warranties of merchantability and fitness for a particular pur-
pose, Mo staternent, representation, agreement, or understanding, oral or writlen, made
by an agent, disiributor, representalive, or employee of Wavetek, which is not coniained
in the foregoing Warranty will be binding upon Wavetek, unless made in writing and
executed by an authorized Wavelek emplovee, Under no ciroumstances shall Wavetek
be liable for any direct, indirect, special, incidental, or conseguential damages,
expenses, losses or delays lincluding loss of profits) based on contract, tort, orany
other legal theory.
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SAFETY FIRST

Protect yourself, Follow these precautions

Don't towch 1se outputs of the insirument ar any exposed el wanng Canmying the oulpu
signals. This instrumen! can generate hazardous vollages and currents

Don'tl ypass the power oord's ground kead wilh lwo-wire extension Sords or plug
adagtors

Con'| disconngct the green and yellow salelv-earth-ground wire that connects the groand
lug af the power receptacie 1o the chassis ground lesminal imarked with @br,.-[_.,h

Don't holg yvour eves exiramely close 1o an if culpul for a long Gme. The narmally
nionhazardaus low-power if energy ganarated by The mnstromen! could poscibly causs
BYE irjury

Den't plug in the power cord unlil directad to by the installation instructions

Don’t repair the ingtremeni unless you are 5 gualified electronics fechnician and know
howy bo wark wilh hazardows vollages

Pay attantion bo the WARMNING statemants: Thay paint oul sdualons 1hal can Caussinjury
o death

Pay attentionto the CAUTICN statements, They pomt oul situabons thal can cause squip
ment damags,

www.valuetronics.com

Vil



Model 181, 20 MHz PulsalFunction Generator

Wil

www.valuetronics.com




1.1 THE MODEL 131

Wavetak Model 191, a 20 MHz Pulsa/Function
Generator, s a precizion source o sine, iriangle,
square and puise waveforms plus do wadlage. All
waveforms are variabke from 0,002 Hz to 20 MHz and
can be extemnally modulated. Outputs can be con-
tinuous or can be iriggered or gated by external signal
or front panal switch. Variable widih and delay, single
or double pulzes can be inveried or normal. Pulze and
square wave fized basalineg salectable may be varied
fromi fixed baselineg to 15 Vpp (7.5 Vp-p into 500 An
internal burst gemerator gates main generalor and
operaies in continuous, triggered and gated modes.
Armplitude of the wawveforms is variabie from 30 Vpp
{15 Vp-p into 500 down ta 1.5 mVp-p. DC refarance of
the waveform can be offsst positively aor negativaly.
Maximum 150 mA& peak current can be continuowshy
wariad ower an 80 dB range. A syns oulpul provides a
TTL lewvel inte 5000

12 SPECIFICATIONS

121 Main Qenerator

Wavetorms
Salectable sing " | triangle * | sgquare L, pulses,
double pulses and de.

Symmetry

With S¥YM on, waveforma may be varied 1o produce
sawigoth 7 and variable duty cycle pulse T from
1:19 o 1901,

NOTE

SYMIETRY and VERNIER controls alfect
frequency calibration. Maximum possible
asymmelry /5 @ function of frequency sal-
ting.

When SYM control is used, indicated fre-
guancy Is divided by approximately 10,

www.valuetronics.com

SECTION
GENERAL DESCRIPTION

Operational Modes

Function
Continsous: Generalor oscillates confinuously  at
selecied fraquency.

Triggered: Generator is quisscent until triggered by
exlernal signal or manual trigger, theén generales one
cycle at selected freguency.

Gated: As friggered mode, excep! generator

oscillates for the duration of gate signal pius tima 1o
complete the last cycle,

Burst
Intarnal burst generalor gates main generator and
operates in confinuoue, triggerad and galed modes.

Burst Rate. 1 Hz lo 5 MHz in ¥ ranges.
Burst Widih: 20 ns to 100 ms in ¥ anges.

Frequency Range
0.002 Hz to 20 MHz in 9 overlapping decade ranges
with approximately 1% of full scale varnier,

Function Output
" . %, L end pulse selectable and variable 1o 30
Vp-p (15 Vip-p into 500). Pulse and "L fixed basaline
selectable { f . -~ .= )and can be inverted. « ,
“ogan be varled from fixed baseline to 15Vpp
(7.5 ¥Vpp into 500). All waveforms and de may be at-
tenuated in 10 db steps to 70 dB with 10 dB vemier for
overall attenuation of 80 dB. 500 source impedance.

DC Quiput and DT Offset

Selectable thru function output BHC. Controlled by
front panal cantrol with separate on-off swilch. Ad-
justable between + 15 Vdc { £ 7.5 Vide into S08) with
signal peak plus offset limit o £15Vde (£ 7.5 Vdo in-
1o 503, DG offsel and outpat wavelorm altenuated
proportionately by O to 70 dB output atfenualor.

Sync Quiput

A TTL level square wave synchronized to the main
generator. Duty cycle varies with symmetry control.
S04 source Impedance.



PulsaiSquan Ouiput

A TTL level pulse orf square wave whose transitions
are simultanecus with funcion oulpul (square and
puise only). 500 source impedance.

VCG—Vaoltage Conlrolled Ganaraior

Up to 1000:1 frequency change with axiermnal O o
=+ 5V signal. Upper frequency limibed o maximum of
gselected range

Slew Rate: 2% ol range per as.

Linearity;: £05% thru x100K renge. £5% on
*1M and x10M range.

Impedance: 10 kQ.

Trigger (and Gate) Input

input Range: 1 Vpp to £10W.
Trigger Level Adl: =5V o 45V,

Impedance; 1.5 k& shunted by 1.5 pF.
Pulse Width: 25 ns minimum.

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

1.2.2 Pulse Genaralor

Pulse Modas

MHormal Pulse; Adjusiable width pulse in phase with
pulse syne oulput. Repelition rate is set by frequency
of main generator,

Pulse Delay: Pulse delayed with respect to pulse
sync outpul. Pulse delay and pulse widih adjusiable.
Double Pulse: Two pulses lor every period. Time be-
rween pulses and pulse width adjustabla

Sync Delay: Pultse sync output defayed with respect
b pulse outpul. Delay is adjustable,
NOTE
The precesding Pwse Modss oparato as
defined when the Function Mode iz Con-
hnuous, Triggered or Gated Howaver,

Pulze Modes are nol applicable in Burst
Modia.

Pulse Perlod Range
50 ns to 500 sec in 9 decade ranges.

Pulsa Width
20 ns 10 100 ms in 7 ranges

Pulses or Sync Dalay
0 ns to 100 ms in 7 ranges.

12
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Duty Cycle
Up 1o 75% for pulse widlhs =100 ns: 509 for pulse
widineg of 20 o 100 ns

Pulse/Burst Sync Output

A TTL level pulse when ferminated with 508
Reference for puises and bursts af funclion ouiput
BNC and TTL pulse BNC.

Inpulse function mode (normal pulse) and burst mode,
sync outpul is coincident with lesading edge of
pulsefburst output and has widih ol 2010 80%% of max-
imum selecied pulsefburst width, except anthe 2040
100 ne range which will have & sync pulse width
batweaen 10 and 30 ne.

NOTE
AlsD gee Fulse Modes.

1.23 Fraquency Precision

Dial Accuracy
+3% of full scale from x 0.1 Hz to X1 MHz,
£ 5% of full scale on x 108 range,

1.24 Amplitude Precision

Amplitude Change with Frequency
Sine variation with frequency:

< 0.2 dB on all ranges thru

X 100K,

< =05 dB on x 1M rangs,

< +1,0dB on x 10M range.

Step Attenuator Accuracy
+0.3 dB with 10, 20 and 40 dB
= (.6 dB with 30, 50 and &0 dB.
+0.9 dB with 70 dB setting.

1.25 Waveform Characteristics

Sina Distortlon
=0.5% on w100, * 1K and = 108,
=1.0% on x0.1 to x100 ranges.

All harmonics 30 dB below fundamental on x 100K,
* 1M range, and 25 dB below on x 10M range,

Square Wave and Pulse
Rize/Fall Time at Function Output BMNC:
<15 ns (10% 10 90%)

Total Aberrations:
+ 5% ol full ampdtude



Tima Symmeairy

Souane wave variation from 0.1 0 2 on dial
< + 1% to 200 kHz.

= +10% to 20 MHz.

Triangle Linearity
=88% lor (L002 HE 1o 200 kHz.

1.26 Ganaral

Stabiiity

Main ganarator amplitude, fraquency and de offset
After 2 hour warm-up:

= [.05% for 10 minuies,

= 0.25% lor 24 haurs,

Environmental
Specillcations apply at 25°C +5°
aparatas 0%C to 450

Instrumeani

www.valuetronics.com

Dimensions
286 cm {11% in) wide; 13.3 cm (5% In) high; 288
cm(11% in) desp.

Weight
4.8 kg {10 I6) net; 6.4 kg {14 Ib) shipping.

Power
100N 20022002400 {+ 5%, — 10%:), 48 H2 to 68 Hz,
=95 Vo

NOTE

All zpecifications apply from 0.1 1o 2.0 on
frequency dial, wihen FUNC OUT amplitude
s maximum and 500 ferminated, and with
S¥M contral OFF



21 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspect all ex-
ternal parts for poseible damage 1o conneciors, sur-
face areas, etc. If damage is discovered, flle a claim
with the carrier who transporiad the wnit. The shipping
container and packing materia! should be saved in
case reshipment is requinrgd.

2.2 ELECTRICAL INSTALLATION
2.21 Power Connactlon

WARNING

Topraclude injury or death due to shock,
the third wire earth ground must ba con-
tinuous to the facility power sutlet. Before
connacting o the facllity power outlet,
exzamine extension cords, autotrans-
larmers, atc_, betwean tha instrument and
the facllity power outlet for & continuous
earth ground path. The sarth ground path
can be identified at the plug on the instru-
ment power cord; of the three terminals,
the earth ground terminal is the nonmatch-
ing shape, usually eylindrical.

CAUTION

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

NOTE

Uintess otherwise specified at the time of
purchase, this instruman! was shigped
from the factory with the powes frans-
fermer connected for operation on a 120
Vae Iine supply and with 8 s amp fuse.

Corwersion to-other Input volages requires a change
in rear panel fuse holder valiage ::ang‘ position and
fuse {figura 2-1) according to the following procedure.

www.valuetronics.com

SECTION
INITIAL PREPARATION

Figure 2.1, Voltage S;Iucim and Fusa

1. Dizsconpnect the powai cord at the ingfrument,
open fuge holdas cover door and rofate fusa-pull
to laft 1o remove the fuse,

#  Remove the small printed clroull boerd and
select cperating voltage by orienting the printed
gircuit board to position the desired veltage to
the top left skde. Push the board firmly Into e
medule shot.

3. FRotawe the fusepull back into the normal posi-
tion and insert the correct fuse Infle the fuse
holder, Close the cover goor,

4, Connect ihe ac line cord o the mating connec-
tor ai the rear of the unit and the power source.

Card Position Input Vac Fuse
100 a0 10 105 *s amp
120 108 1o 126 Ha amp
220 198 1o 231 g amp
240 216 to 252 *s amp

2.2.2 Signal Connactions

Use AGSSU 500 coaxial cables equipped with BNC
connaclors 1o distribute signals when connecting this
ingtrumént o aasociatad equepmmant

2.3 ELECTRICAL ACCEPTANCE CHECKOUT
This checkout procedure verifies the generator cpera-
tian, It a maliunctian s fownd, refer to the Warraniy in
the front of this manual A dual trace, 150 MHz band-
width oscilloscope with X 10 time base magnification,
a 504 load, a coaxial tee and three 50f cables are re-
quired to pedomm this checkoul.

2-1



Set up as In figure 2-2 and presel the generalor front FPULSE/SDUARE DUTPUT =,
panel controks as Tollows, Parform the steps in table I Normal (Extended)
2-1. POWER O
Conirol Position
Dial : 1.0
FREQMULT : 1K e PEGLARRGRE
LCH: v HORE SWP: 0.5 maiy

E,TIEH‘E?M F?]Erﬁe?;m CH2Z: 2wWDIv TRHG MODE: OC, EXT
MODE . .. CONT (FUNC)
TRIG LEVEL . . 10o'clock MODEL 191 OSCILLOSCORE
FUMNCTION A
DC OFFSET (OniOf) | OFF(Exiended) ey o e [[] e
DC OFFSET (Variable Control) . EEW out DM
OUTPUT ATTEN 40, 20,10 , . ... All Extended 500 »
AMPLITUDE . - MAX jow) TERMINATION
PLULSE DELAY (Range) 10510100 us
PULSE DELAY (Vernéer) \ e GOW
PULSE (Pushbuttons) . NORM (Pressed)
PULSE WIDTH (Range) 10pst0 100 us Figure 2:2. Initial Checkout Setup
PULSE WIDTH (Vernier) .. CW

Table 2-1. Checkout Procedure
Stap Control Position/Operation Observation

1 Oscillcscope

Trig level and siope, both posithve.

CH?: Sguare wave thal beging on positive
going edge. CHY: 15 Vip-p sine wave,

2 Dial and
VERMIERIGYM

Raotate dial full ow, verniar full cow.

varnier 1o CAaL.

Then the opposite. Return dial io 1.0,

CHZ: Squane wawve remains in sync for all
dial pasitions. Range is greater than from
2 Hz to 2000 Hz (1000:1).

3 FREQ MULT

Rotate to all positions,
Return io 1K position.

Frequency is 1 each range positon

4 AMPLITUDE

Set to 6 Vp=p on scope.

CH1: Ampliiude decreases to aporoximalely
B Vp=p.

5 DC OFFSET

Depress DC OFFSET swilch, then
ratate DO OFFSET Control CW.
Heleaze DT OFFSET to extended
(off) posiiion at completion of this
step.

Full CCW gives negative ofiset, Clipping occurs
when the offsel plus waveform peak ampilifude
excesds approximately + 7.5V into 5
Initizlly the negative peak Iz clipped, but as
the D offset is rotated cw the ciipping of the
negative peak disappears and eventually the

positive peak beging to clip.

& AMPLITUDE

|Hotlate ow.

Wavelorm refurns to 15 Vpp.

T QUTPUT
ATTH 10, 20, 40

Depress buttons in various
combinations. Then release all
butions.

Dutpat leved varies from 15 Vip-p
{0 dB) to 4.7 mV (70 dB).

8 FUNCTION Aotale cow, Obszerve 0 Vdc level; v , % and L are
Seleci DC v . % , L. 15 Vpp. Mote phase ralationships:
Resat to " e in phase with " and », .
2.2
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Table 2-1. Checkoul Procadure (Cont)
Stap Control Position/Operation Ohsarvation
kx| SYM, Depress SYM swilch and rotate Frequenty decréases o approximalsly 100 Hz.
VERNIERISYM., | VERMIER/STM control cow. CCW of the 12 o'clock position gives 1;19;
Extend SYM, returm VERNIERISYM | CW gives 151 {a skewed sinewave and
in GAL. variable duly cycle pulses can be observed (o
“ and L )
10 MODE and Saleci GATE. A do level near zero volts {excepl "L funclion;
FURNCTION Select v, e, L. quizscent level is ai negative peak valua)
Return 10 ™y .
11 MAAMNLIAL Fress, hold and raleasa. A burst of *v  lor the period the MAN TRIG
TRIGEER Feturn to FUNC CONT. i5 deprassed.

Set MODE to CONT (FUNG). (Al other controls will be as for inftial setup.) Setup oscilfoscope and Mode! 131
as shown in figure 2-3. Display both channels.

MODEL 13

PULSE
SYNC DUT

Figure 2.3. Pulse Checkout Satup

12 FUMCTION PULSE Pulss

13 AMPLITUDE Vary, then rafurmn ow. Upper and lower levels vary from 0.5V 10 15 Vip-p.

14 PULSE/SQUARE | Depress INV, then release INV. 180* phase inversion of pulze relative to
OUTPUT PULSE 8YNC OUT.

15 Depress ., Positive olfsel pulse +7.5Y.

16 AMPLITUDE Vary, then refurn to full cw. Upper level varies, lower level remains figed,

Full variation from 0.5V 1o + 7.5 Vpp.

17 | PULSE/SCUARE | Depress - . Negalive offsel pulse - 7.5Vpp
QUTPUT

18 AMPLITUDE Vary, then refurn ta tull cw. Low level varies, upper level remains fixed.

Return 1o 1

Full variation from 0.5V 10 — 7.5 Vpp.

The next 2 sleps demonsirale maximum and minimum pulse width renge.

www.valuetronics.com
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Table 2.1, Checkout Procedure (Cont)
Step Control Position/Operation Observation
19 Daal 20
FREQ MULT 1
PULSE WIDTH | 10 ms - 100 ms.
Scope 20 ms/idiv,
PULSE WIDTH | Rotate cow, ow Minimum PULSE WIDTH at cow, maximum
VERMNIER PULSE WIDTH at cw.
20 Digl 2
FREQ MLLT 10M
PULSE WIDTH | 20 ns - 100 ns
Scope 0.05 psidiv,
PULSE WIDTH | Aovate cow, ow Minimum PLILSE WIDTH ai cow, maximum
VERNIER PLILSE WIDTH al cw,
The next steps demonsirale Maximum and minmum pDLISE delay range.
21 PULSE Depress PULSE DLY
PULSE DELAY |0 ne - 100 ns.
Scope 0.05 psidiv, Minimum PULSE DELAY from PULSE SYMNC
PULSE DELAY |Rotate cow, cw. at cow; maximum FULSE DELAY from
VERNIER PULSE SYNC a1t cw.
22 Dial 2.0
FREQ MULT 1
PULSE WIDTH
PULSE DELAY | 10 ms - 100 ms.,
Scope 10 ms - 100 ms.
PULSE DELAY | 20 msfdiv, Minimum PULSE DELAY from PULSE SYNC
VERMIER Rolale cow, ow at cow; maximum PLLSE DELAY from
PULSE SYNC at cw.
The nexl step demonsirales double pulse,
29 Dial 0.5
FRED MULT 10K
PULSE DBL puilse
PULSE WIDTH | 10 ps - 100 ps
PULSE DELAY | 10 us - 100 us
Scope 0.05 msidiv.
PULSE WIDTH | ccw
VERNIER
PULSE DELAY | Hotate oW, cow
VERNIER Double Pulse — maximum delay of second
pulse from first pulse al cw. Second pulse
mernges with first pulse at cow.
The nexi slep demonsirales syne delay
2.4
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Table 2-1. Checkout Procadure [Continuad)
Step Control Fosition/Dparation Observation
24 | PULSE Depress SYNC DLY
Scope Trigger: INT CHANMNEL 1 (FUNC
QUTY. Then retom 1o EXT.
PULSE DELAY | Rotate cow, cw. Minimum SYNC DELAY from PLILSE at cow.
VERNIER Maximurm SYNC DELAY from PULSE at cw.
The next slep demonsirales burst confrol,
25 | MODE BURST CONT
FUNCTION Ay
Dial 2.0
FRECQ MULT 10K
BURST RATE 100 -1K
BURST RATE 12 o'clock.
VERNIER
BURST WIDTH | 100 us - 1 ms.
Scope 0.5 msidiv.
BURST WIDTH | Rolate cw, cow. Mumber of cycles in burs! increazes (ow) and
VERMIER decreases (cow).

Sel up irigger source a5 shown in figura 2-4. Sal irgger source for 200 Hz iriangle 10 Voo signal. Sal scope
forone cycle of iriggering wavelorm; display both channets. Setup Model 197 confrals for initial sefup excep!
sl MODE to FUNC GATE

26

TRIG LEVEL

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

The number of waveform cycles ineach
gated “bursl” varles with the irigger level.
Notice relationships between Channels 1 and
2 wavelomms as the TRIGGER LEVEL is
rotated.

27 | MODE Select FUNC TRIG A single triggered . recurring al the
200 Hz trigger rate.
28 | Dial 2.0
FREQ MULT 16
MODE BURST GATED
BURST RATE 1K - 10K
BURST RATE | 12 o'clock CW reduces number of bursts per gata.
VERNIER CCW increases numbar of bursts per gate.
BURST WIDTH | 100 us - 1 ms
BURST WIDTH | 12 o'clock
VERNIER
MODE BURST TRIG A single triggered burst al 200 Hz trigger

rate.
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MODEL 191

{ ¢ & 3
TRG 500
IN auT
FUNG OUT |
s @] FUNCTION
GENERATOR
SYNG OUT

50 TERMIMATION

Figure 2-4. Trigger Checkout Setup
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31 CONTROLS AND CONMNECTORS

The gensrator front panel controls and conneciors
gre shown in figure 31 and keved fo the following
descriptions.

1 Frequancy Dial — Settings under the dial index
mark summed with YCG IN 18 and multiplied by
FREQ MULT 17 determine the oufput signal Ire-
QuEncy

2 PULSE DELAYBURST RATE Selector —
Qutar coax knob selects one of seven ranges
An inner coax knob, VERNIER, confrals the
delay or rale within each range.

SECTION
OPERATION

In pulae function, these contrels 2ei the delay of
the pulee &t FUNC OUT 10 and PULSE/SQLUARE
OUT 12 (PULSE DLY 4 depressed), or the delay
of the pulse at PULSE SYNC OUT 18 relative 1o
FUNCTION QUT 10 and PULSESQUARE OUT
12 (SYNG DLY 4 depressed). Pulse delay and
sync delay are varable betessn Ors 1 100 mas,

In burst modes, the BURST RATE and WVERNIER
conimols set the burst repelition rate. Repetition
varies between 1 Hz and 5 MHz

SYM Pushbutton — When depressed, aliows
the wavelorm symmetry to be varied from 12:1
o 1:19 by the VEANIERISYM coniral 17, (as a
resull the generator frequency is divided by 10}

20 19 18 17 18
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Figurs 3-1. Controls and Connectors
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When axtended, the swilch aliows the generator
io produce normal (50% duly cyele) wavelorms,

PULSE Pushbuttons — Four mufoally ex-
clusive switches thal sekac! gither normal pulss,
pulse detay, double pulze or sync delay when
FUNCTION switch 13 is get to PLILSE.

MORM — Salecls a pulse al FUNC OUT 10 and
PULSESOUARE OUT 12 in phase with PULSE
SYNC OUT 18. PULSE WIDTH B controle the
width or the narmal putse, and the fregquency dial
1 and FREDC MULT 1F =zet the pulse repelition
rate

PULSE DLY — Selecis a pulse that | delayed
relative to PULSE SYNC OUT 16. PULSE DELAY
2 controls the delay of the pulse, the lrequency
dial 1 and FREQ MULT 17 contral pulsa repeati-
fion rate, and PULSE WIDTH & sels the width of
each pulze,

DBL PULSE — Selects two pulses for sach
pulse period. In double pulse, PULSE DELAY 2
sels the star of the second pulsa ralativa to the
first. Tha freguency dial 1 and FREQ MULT 1T
control the repetition rate for each pulse pair
PULSE WIDTH B controls pulse width of both
pulses.

SYMC DLY — Seleciz a variable delay sync
pulge ai the PULSE SYNC OUT 18 melative 1o
FUNC OUT 10 and PULSE/SOUARE OUT 12
PLULSE DELAY 2 controls the delay of the pulse
gyne, Frequency dial 1 and FRED MULT 17 sat
repatition rate of the pulse.

MAM TRIG Pushbutton — Triggers or gates
the output signals when generator mode is TRIG
or GATED 15. In funclien rigger mode, one
wavaiomm cycle s outpid when the button is
pushed; in burst trigger mode, one burst. In func-
tion gated mode, waveform cycles are con-
linbously cutput as long as the bution is held In;
in burst galed mode, burst are confinuously out-
pul.

PULSE WIDTH/BURST WIDTH — Owier coax
knob selects one of 5even decade ranges. An in-
ner coax knob, VERMIER, controls the width
within each range. In pulse function PULSE
WIDTH sets the width of 1he pulse at FUNG GUT
10 and PULSE/SQUARE QUT 12,
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In burst modes, BURST WIDTH sets the burst
duration al FUNC OUT 10 and, in L function
only, at PULSE/SOUARE OUT 12

PULSE/SQUARE OUTPUT — Selects the pulse
amplitude symmetry relative to the baseline {ref:
figure 3-2). With DC OFFSET 11 off, the basalina
i 0 volls. With DC OFFSET on, the baseling is
varied by the DC OFFSET conirol 13.

| selects a pulse that mamntaing amplitude
symmatny aboul its centerline. AMPLITUDE 9
edjust the peak-lo-peak level of the pulze.

1 selacts the posilive pulse AMPLITUDE 8 ad
just the positive peak while the negatve peak
remains 2 fixad bassling.

- gglects the negative pulze. AMPLITUDE
control 8 adjusts the negative peak while fha
positive paak remaing a fved baseline,

INV pushbulion — selects normal or inverted
pulse culput. An imverad pulse is 2 réeversal of
the aclive and inaclive levels of the pulse. The
ret resull for @ square pulse neersion would be
a 180* phase shift with respect to the PULSE
SYNC OUT 16

CUTPUT ATTEM Pushbuttons — Select the at-
tanuation range of the FUNC QUT 10 signal. The
AMPLITUDE control 8 allows continuous
waveform level variations within each attenuator
range. Each of the three bullons may be used in-
dividually for 40, 20 or 10 dB steps of atlenua-
tion, or pressed in combinations for up to 7O dB
of attenuation. The attenuator afienuates both
the waveform and do offset

AMPLITUDE Control — Conlinuously varies
the wawelonm ampiiude within gach OUTPUT
ATTEN 8 range. CCW rolation reduces
waveform amplitudes a FUNC QUT 10 by
greater than 10 dB, DC and dc ofiset voltages
&re not affected by this control.

FUNC OUT Connector — This BNC is the
wavelorm (or do) output of the generator. Max-
Imurn cutput is 30 Vp-p (15 Vp-p into 5000
Source impedance is 504

DG OFFSET Pushbutton — Depressed button
activales the do ofisel (ref: 13), Extended builon
ensures zern dc ofiset



L

o HORMAL
+ DFFSET ——e
1- e e -———’——-l - AMPLITUDE
FLULL PULSE i
B | INVERTED )
) +0OFFSET ==
1—- e e ————-H- ANMPLITUDE
I mr—i,— 7
RORMAL ¥ VARIABLE
i 18 | - [ amriuoe
POSITIVE PULSE oy —_— . g s
_I_L_ { ’_f INVERTED _*. VARIABLE
S| e LT [ awmeutune
" av T’“" FIXED
il
« OFFBET j_ NOBMAL | FEED
NEGATIVE PULSE = i i |1 AMH'; mEvAmm_E
< f
_I-L ¥ :’FFEETJ INYERTED | —
ov——]_ | || AMPLITUDE
T T"-‘AFHELE
=

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

12 PULSESQUARE OUT Connector — BNGC out-
pul is a TIL leval into 500 Output is
simuttanaous and aexclusive with FUNC OUT 10
Equare wave or pulse output. Sounce impadance
Is 500

FUNCTION Selector — Outer coaxial knob
galecis one ol lour wavelorms (sine, Iriangle,
square, pulse) or de.

DC OFFSET Control — Inner coaxial knob off-
gele the FUNC OUT 10 oulpul wavelorm
vertically from s mormal position and when
FUNCTION (outer coaxial knob 13) &5 in the DG
position, controls polarity and voltage of do out-
pul. BG putput range i 0 £ 10Vde [ £5 Vdc into
500). DG OFFSET switch 11 must be depressed
lo snable this DG OFFSET Control. Extending
lhe DG OFFSET switch ensures zero voli offsel
OC offsel and waveform are attenuaied by the
COUTPUT ATTEM controd 8 but de offset ks not at-
tenugted by the AMPLITUDE control 8.
Wevelomn peak voltage plus dc offset is limited
10 + 15 Vde ( £ 7.5 Voc into 5091). See figure 3-3.

13
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FTEN = — — g m m
i %
Ty — A
0 DC
OFFSET
1-?.5'&'—%————'— ——
T
DC OFFSET DC OFFSET
+ I.8%W —}vx7 ————————————
- e e T R A A [ e
EXCESSIVE EXCESSIVE
POSITIVE HEGATIVE
OFFSET OR QFFEET OR
LOADING LOADING
Figure 3-3. DC OFFSET Control
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SYNC OUT Connector — The sync signal from
this BNC iz & TTL lewel into 500 synchronous
with FUNC OUT 10 signal. Duly cvcle varies with
wavelorm symmetry. Source impedancea is 500

MODE Control = This outer coax knob selects
one of the six operaiing modes. Three of the
modes are bursl generator modes (switch
datents aré solid black) and threa are function
ganerafor modes (switch detents ara white).
Figura 3-8 illustrates the output in each of thesa
modes,

FUNC Modes

CONT — Continugus oulput at FUNC OUT 10
and SYNC OUT 14 conneciors.

TAIG — A dc level output al FUNC OUT 10 until
the generator is triggered by the MAN TRIG 5 or
with a signal ai the TRIG IN connacior 18, When
triggered the generator output s one cycle of
wavalorm followed by a de level,

GATED — As for TRIG excapi the output IS can-
lirvpons 1or the duration of the manual or external
trigger signal, The last wavelorm cycle startedis
always completed.

BURST Modes

CONT — Continuous burs! IS a series ol Dursts
from FUNC OUT 10 at a continuous repatition
rate. BURST RATE 2 sels the repelition rale of
gach burst. Frequency dial 1 and FREQ MULT
17 determine the frequency ol wavelorm cycles
in each bursl. BURST WIDTH 6 sets the number
of cycles within each burst,

TRIG — A trigger {manual & or external 18) in-
itiates a burst of cycles from FUNC OUT 10. The
Irigger rate delermines the burst rapelition rate.
Frequency dial 1 and FREQ MULT 17 delerming
the frequency of wavelorm cycles in each burst,
BURST WIDTH & sets the number ol cycles
within each burst.

GATED — When Iriggered (extarnal 18 or
manual §), FUNC OUT 10 produces a saries of
bursts for the active period of tha trigger signal.
Frequency dial 1 and FREQ MULT 17 sets the
frequency of the cycles in the burst. BURST
RATE 2 conifrels the repeliion rate betwesn
bursts and BURST WIDTH & sets the number of
cycles within each bursl.
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TRIG LEVEL Control — This mner coax knaob |s
a confinvously varigble adjustment of the trigger
circuitry firing point. When full cow. a positive
gotng signal at approximately + 5V is reguired
for triggering (ses figure 3-4). In the full cw posi-
fion, & positive going signal at approximatedy
= 5V or mane positive voltage is required for trig-
gering. In the GATED modes, the generator will
it conmeously when the contred is cw o
12 o'check.

TRIGGER LEVEL

COW == oW

f

+ 5y

CONTRCL

o A
TX
T 1 Vpp MIN
__J_..i':l-__ =5y
Trigger signal musl b8 & positive go-

ing slgnal excesding the TRIGGER
LEVEL satting,

Figure 3-4. Minimum Trigger Signal
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PLILSE SYMNC OUT Connector — Wilh normal
pulse functionor bursi mode selected, this BNC
outpul supplies a TTL level pulse that is coinci-
dent with the leading edge of the pulse or burst
at FUNC QUT 10.5ync pulse with is 20 to 60%
of minimum selected puise/ourst widih excepl
on ihe 20 ns to 100 ns range, which will have a
sync pulse widih between 10and 30 ns. Source
impedance is S0Q.

In sync delay (ref: 4), PULSE DELAY 2 controls
thie detay of PULSE SYHC OUT relative 1o FUNC
QOUT 10 and PULSE/SQUARE OUT 12,

NOTE
PULSE SYNC OUT is the correct sync
signal for the pulse wavelorm and tha burst
mode,

FREQ MULT Control — Ouler coax knob
selects one of ning frequency multipliers for dial
1 satling.

VERANIER/SYM Control — When the SvM
switch 3 is off (exiended) this inner coax knob |3
a fine adjustment of the frequency dial 1 selling.
CCW rodation decreases the frequency by ag-
prosimately 1%, Whan in ow position [FREC
CAL), the setlings on the dial will be accurate.
When SYM switch is on [cepressed) this control



varies the symmainy of the wavehorms (normalfy
50% duty cyclal Symmelry range s 18:1101:19
(haif cycle to hall evcle ratio). Whan SYM is us-
ed, the main generator frequency is divided by
10, Exfending S¥YM switch ensures 1:7 (50%)
symmetry. See figure 3-5.

AEYMMETRY SYMMETAY  ASYMMETRY
(Rotate CCW) 12 o'ciock (Rotate GW)
SYNC _I_\_l__l__“L. JLI1 _.'—l-l_L
| it 3
EYHC* ﬂ_| _:' |_| L _| |_|

* SYNE DUTY CYCLE VARIES SAME AS FUNC OUT SIGNAL
WHEN SOUARE FUNCTION { 7, 115 SELECTED,

Figura 3.5. Effect of Symmaetry Conirol

3.21 Signal Termination

Proper signal 1termination, or loading, of the generalor
connectors Is necessary lor its specified cperation.
For example, the proper termination of the 500 OUT
connectar is shown in figure 3-6, Placing the 503 ohm
ferminator, or 50 ohm resistance, in parallel with a
higher impedance, matches the receiving instrument
input Impedance to fhe coax characleristic and
generalor oulpul impedance, thergby minimizing
signal reflection ¢r power 1055 on the ling due to im-
pedance mismaich

The inpul and outpul impedances of the generaior
conneclors are sted below.

18 TRIG IN Connector — BNC receives the exter-
nal trigger and gate signals. These signals are
applied to the trigger and gate circuif when the
MODE switch 16 i3 In the TRIG or GATED posi-
licns, Aefer to Section 1 Trigger (and Gate) Input
specifications, for trigger signal requiremenis.
The TRIG LEVEL coniral 15 selectively accepts
trigger and gate signals for the trigger and gate
circuits.

18 WVCGE IN Connector — BNC accepls ac or do
voltages to proportiongtely control frequancy
within the range determined by the FREQ MULT
17. Positive voltages increase the frequency set
by the dial 1; negative voliages decrease the fre-
gquency, The VGG IN will not drive the generator
fraquency beyond the nonmal limits of a range.
Input impedance is 10 k2.

20 POWER Pushbulton — Depressed is power
on, extended iE power off.

3.2 OPERATION

Perform tha initial checkout in Section 2 for the feal ol
the Instrument. Any guestions concerning individual
pontrole and  connectars maEy be answered in
paragraph 3.1,
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Connector Impedance
FUMC OUT ; j 500
SYNCOUT(TTL) : ! o BDR
PULSESDOUARE QOUT TTL - B =
PULSE SYNC OQUT (TTL) TP 1,
TRIG IN il .. 1.5k
YOG IM . 10k
RECEIVING
MODEL 191 INSTRUMENT
QUTPLUT RGSE OR EFFECTIVE
IMPEQAMCE EQLIVALEMT CARCANT
500 l o RESISTANCE
LOAD
% (SIGNAL
OUTPUT LOaDy
AMPLIFIER L

Figure 3-6. Signal Termination

322 Manual Function Generator Operation

The fellowing steps demonsirale manual contral of
the function generalor. (Bodd numbers are keys (o
figure 3-1.)

Step ControlConnector
1 FUNCOUT

Setting
10 Connect circuit 10 owls

put {refer 1o paragraph
J.2.1)

3-5



2 MODE 15 Select CONT (FUNC).

34 SYM 3 Extended.

4  FHEQMULT 17 Sel 1o desired range of
frequency.

5 FrequencyDial 1 Set to desired fre-
quancy within the
fange.

& FUNCTION 13 Sel to desired
wavefarm,

7 DCOFFSET 11,13 Set as desired. Limit
offset to prevent

wavelorm clipping (see

figure 3-3).
B OUTPUTATTEM & Select for desired
aftenuator rangs.
89 AMPLITUDE 8 Select for desired

wavelonm ampliludke.

3.2.3 Voltage Conirolled Functlon Generator
Dperation

Operalion a5 @ voitage conifrolled function generaior
(WG s as for & manually conirofed iunction
genaraior, only the frequency within pariicular ranges
is additionally controlled by an external vollags (£ 5V
excursions} injected ai the WG IN connecior. Par-
form the steps given in paragraph 3.2.2, only sel e
frequency dial 1o delerming a referance from which
the lMeguency is o be voltage controlled.

1. For Trequancy control with positive dc inputs at
VCG IN, set the dial for a lower lreguency limil.

2. For frequency control with negaiive dc inpuis at
VICG IN, set the dial for an upper freguency limit.

3. For modulation with an ac inpul ai VGG [N, set
the dial at the dasirad center frequency, Do not
exceed lhe maximum dial range of the selecied

frequency range.

Figure 3-T Iz a nomograph with examples of dial and
voltage effecis, Example 1 shows that with OV VGG in-
put, frequency iz determined Dy the main dial setting,
1.0 in this example. Example 2 shows tha! with a
positive VCG input, output frequency is increased. Ex-
ample 3 shows that with a negative VoG input, output
frequency is decreased. (Note that the Outpul Fre-
quency Factor column value must be multiphed by a
frequency range mulliptier fo give the aclual oulput
lreguency.)

36
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NOTE

Monlingar operation may respll when the
VOG Input vollage is excessive; thal s,
when the altempled generalor frequency
exceeds the range Iimits. The upper limif is
2 times the mulliplier sariing, and the lower
Kmit is 1/1000th of the upper limit,

VoG TUTPUT
™ FREQUENGY
DAL WOLTS) FACTOR™
20 -5 T 002
1.8 -4 2
E'-?, - I
1.6+ =3 = 'a_-fr’ l A
1.4 -jﬂ’ -|— L]
124 7 ot i 8
- MPLE 1
L gof TEMELEY i
i S R T + 12
g
B+ - 2+ - 1.4
A +3 -.:*'g?% Y
24 +d+ 1B
ol L +5 L “al 20

*Must o molliphed by FRED MULT swifch sedfing

Figure 3-7. VCG Voltage-lo-Frequancy Nomograph

The up to 10001 VCG sweep of the generstor fre-
quencles available in sach range results from a 5V ex-
cursion af the WCE IN connectar, With the frequency
dial st to 2.0, excursions between — 5V and OV at
VCG IM provide the up to 1000:1 eweep within the sat
frequency range.

3.2.4 Wavelorms

See figure 3-8 for definition of conireliable waveform
characleristics,

3.2.5 Pulsa Ganerstor Operation

Operation as a pulze generator iz similar to the
manual and YOG controlled ganerator except a single
putse, double pulse or square wave may be selected.

The following sleps describe the pulse operalion
setup.



Step ControlConnactor Setling

1 MODE 15 CONT (FUNC)
a Frequancy dial 1 Select puise repetition
rate
3 FRECUENCY 17 Salect pulse repetition
KMULTIPLIER rale,
4 FUNCTIOMN 413 Salect PULSE,

g PULSESOUARE 12 Select desked pulse

CUTPLUT format,
B PULSE 4 Select dasired pulze
e,

T PULSE WIDTH 6 Select desired pulse
widlh range and ap-
proxtmate portion of
range,

2 Select desired pulse
delay range and ap-
proximate porficn of
range. (Apphicable only
if PULSE DLY was
selected in step 6.)

11,13 Set as desired. Limit
pulse amplilude as
necessary o prévend
clipping {spe figure
32

8.0 Select
amphitude,

8 PULSE DELAY

=) DC OFFSET

10 AMPLITUDE desired

326 Burst Generator Dperation

In burst mode, the bursl generator inifiales a gate
pulse, controlled by BURST RATE and BURST WIDTH,
that gales the main generator. The main generator
conirots parameters of the signal being burst; i.e., fre-
quency, function and amplitude. Refer to figure 3-8 for
burst characieristics.

Sel the main generalor controls as 1or manual func-
tion génerator operalion (paragraph 3.2.2) and verity
that the outpul signal is comrect (other than not being in
g8 “"burst” mode). Then, se! the burs! controls as
follows. (Bold numbers are keys fo figure 3-1.)

www.valuetronics.com

Step ControNConnector Settings

1 MODEBURST 15 Select either cons-
tinwous, friggered . or
pated bursl mode.

2 BURET RATE 2 Select desired burst
rapetition rate.

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

MODE FuNs, CONT

e LU
Ll T, W W
i W
FLMGTICN i
i FUNETION: PULSE :
wmcoy | I
~ = ey
PULEE PLRLEE CLY - n |.L—.-
o = SEay
PLESE DAL PULSE ll || i”l |”| || ||
. f o
oo, S
) Ea‘iﬂ”““" | | DELAY
LT TR i

PESE FLIMCTEON: &, %, DS |'

AGZHIRRE
ouT 7T PunsTite L il saap s Pyt out

EXCEPT TTL LEVEL:

Figure 3-8.Wavelorm Characteristics
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Figure 3-8. Wavelorm Characteristics (Cant)
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41 INTRODUCTION

Tris section describas the fusclions of the major cir=
cuits elemeanis and their relationships o one anolher
as shown in Tigures 4-1 and 4-2. First, the lunction
generator portion is described, (hen e pulse circuil
and, last, detzlied circuil descriptions are given

4.2 FUNCTION GENERATOR BLOCK DIAGRAM
ANALYSIS

Az shown in ligure 41, the VOG (Voltage Controdled
Generalor) sums the vollage inputs from fhe lre-
gueney dial, VYOG 1N, and frequancy vernier 1o provide
a voltage control signal for the positive and negative
currént Soufces. The positive and negative current
sOUrces genaraté precision currents, linearly related
o the output ol the VYOG summing amplifier, which
pazz throlgh the current switch to the liming
capacitors, Additional linear currents are generated
for loop de delay compensalion and the irigger
baseline compansation.

The current switch, contrelled by (he hysieresis out-
pul, causes either the positive current source or the
negative curreni source o charge the  fiming
capacitor selecied by the Ireguency multiplier. Whean
the positive current source is switched in, the charge
on the timing capacitor will rise inearly producing the
positive-going triangle siope. Likewise the negative
current source produces the negative going Iriangle
slopa.

Tha friangle buller ampiifier 15 a unity gain ampiifier
whosa outpul is Ted to the hysteresis switch, sine con-
werter and outpu! circuits. The hysleresis switch
oparates as 8 Cwindow'” comparaior with fimit paints
sat o the riangle peaks. When fhe positive going
ramp reaches + 1.0V, the hysieresis switch toggles 1o
a low stale causing the current switch to connect the
negalre curent source. This causes the timing
capacilor valtage to linearly ramp to — 1.0V as the
fiming capaciior wollage reaches 1.0V, the
hysteresis switch ioggles 1o a high siate. switcheng in
the posifive current sourca. The genaratos loop con-
timies to ascilate producing simultanaous triangla
and sguare waves, & a treguancy determimad by thea
frequency mulliplier and 1he magnitude of the timing
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SECTION
CIRCUIT DESCRIPTION

current controlled by the sum al the dial setting, the
VOG input, and the vernie:

Depressing the SYM bufton produces an unsym-
metrical wavelonm and a division of the fregquancy by
g faciory of 10, The VERNIERSYM conirgl creates an
imbalance in the current sources and therefore an im-
balance in the wawvelorm symmelry up o a rato of
12:1. The result is variable duty cycle pulse, variable
askewisd Sine wawe and variable “sawiodih'’ tridngle
WEVEE

The ¢ loop delay compensatnn circuil is used on the
b highest freguency ranges to compensate for loop
delay. This circuil causes the hysieresis switch trip
points to switch earier in the cyele, and prevents the
timing capacitors from charging beyond = 1.0V, The
switch points are adjusted in proportion o the charg-
Img current, thus ensuring a constant amiplilude as fre-
quency is varied.

Tha capacitance mullipier is an astive circult which
simulates capacitors up to 10,000 times largar 1han
the timing capacitor, thus allowing wary long charging
times wsing phyaically small capaciors. This circuit is
uzed in the four loweal frequancy rangaes.

Tha sing converter accepis a =+ 1.0 vall triangle signal
from the friangle buffer and converls it 19 a sing wave
current. The oulpul iz fed via the funclion swilch 1o
the preamplifier.

The frigger circult allows precise single or multiple
{gated) cvcles at the output In respanss o exlernal
trigger signals or manual triggar oparatian. The trig-
gear circuit operatas by holding the tirming cagacior al
0 valis, vig the ool stop sgnal, on the posidive going
triangle ramp, until 8 Iripge signal occurs. In the TRIG
mode &8 single cvcle i produced for each triggers
signal above the varkable ingoar leval threshold. in the
GATED mode continuous cycles are generaled for the
tirme paniod at which the external signal is above the
trigger leval threshold plus the time lor eomplation of
e last partial cycle. The RUN signal causes the
SYNC oulput to stay in the low siate when tha
ganarator iz guiescent. The TRGRST signal raseis the
trigger circuil and generalos to the guiescent siate on
every generalor cycle to arm il far the nexl trigger in-
put. The Ifigger baseline compensation cireuil holds
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the generalor outpul & zero volls (within specified
lirmite} during the quiescent intervals al any position
{value) of the frequency dial. FREQ MULT, VCG IN, or
VERMIER.

The sync circull accepls the square wave sagnal from
the hysieresis switch and comeerts it e true 50 TTL
level output. In sguare wave [uncion the sync is in
phase with the gulput, but in riangle or sine functions,
& Zero crossing detector causes the sync oulpul to be
in pnase with the zero crossing of the outpul
wavelonm.

When square is selected by the function swilch, the
square shaper accepis the signal from the hystergeis
switch and converts it fo a clean, fast square wave
current o drive the preamplilies, The funclion swilch
also sends a signal o the sme cirgull, cauging the
sync output to be in phase with the positive going
edge of the oulpul squarewave. In sing, friangie or DC
functions, the square shaper inputl and aulput are dis-
abled 50 as nol 1o interfere with the selecied
wavelorm.

The preamplifier is fed from both the function switch
and the square shapar. The voliage outpul drives the
output amplifier via the amplitude control,

The output amplifier accepts signals rom  he
preamplifier by way of the amplitude conlral and
drives the output attenuator. DC offeet is achieved by
ofiselting the output amplifier.

The outpul attenuator, fed directly from the output
amplitier, provides up o 70 dB of atienuation 1o the
selected wavelorm or DC offset. This signal Is con-
nected direcily to the FUNG OUT BNG.,

4.3 PULSE BLOCK DIAGRAM AMNALYSIS

Reter 1o figure 4-2. All signals found on the pulse
board ofiginate from the hysteresis swilch, trigger cir-
cuit, and Zero crossing detector, all on the main
board. In addition, when e unl is in one of the three
BURST modes, the dalay one shot acls as an auxiliary
generator which can be iriggered and gated from ihe
front panel TRIG controls and TRIG IN connactar, The
signals return 1o the square shaper and trigger base-
line circuils on the main board, and leminate at the
PULSESCQUARE OUT ard PULSE SYNC OUT front
panel conneciors,

Inthe L function, the hysleresis switch outpul [(HYS
QOUT) is sent diractly to the PULSE/SOUARE OUT ean-
nigclar by way of the ECL-te-500 converter. This signal
alzs passes through a normalfinvert circuit belore
being sent 1o the maln board sguare shaper, whera i
can be modified to & posilive pulse, negalive pulse, or

a-2
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provide an owpul belanced about ground, depending
an which PULSESOUARE OUTPUT bution is depress-
ed. In PLILSE function. Ine output of the widglh ong
shot (W05} is substituted for the "L function

With the MODE switch in one of he three FUNG posi-
Thons, the outpul of e TriggeT circuil is sent directly 1o
ihe trigger baseline compensation circuil.

Three skgnal lines labgled T, DLY, and TD are used to
drive the widih, delay and sync one shol. T originates
fram either (e frigger or 2ero crossing delector cir-
cuits on the main board, With the FUNCTION swilch
set to PULSE/BURST and the MODE swilch sel 1o
CONT FUNC or GATE FUNC, T is driven by the zemn
crossing detector, but when the MODE switch is sat 1o
TRIG FUNC or one o! the three BURST modes. T is
driven by the trigger circuit. TD is a delayed T signal
and originates from the trigger defay circuil. DLY is
ihe one shot output of the delay one shot. The one
shof irigger steering logic circuit connecis T, DLY,
and TD to the thres one shol circuits depanding on
which PULSE bution is depressed. Refer 1o the one
shot tngger stearing logic of figure 4-2 and use PULSE
DLY as an example: DLY is connected fo the width
ane shol, Tis connected o the delay one sholi, and TD
is connacted (o the sync one shol.

In the CONT BURST or GATED BURST modes, DLY is
also sent to the width and syne ong shets. The sync
one shol output (S0S5) is sent 10 the ECL-10-508 con-
verier which drives the PULSE SYMNC OUT connecior.

In BURST maode, the width one shot output (WOS) is
sent Io 1he main board trigger baseline circull

The PULSE DELAY/BURST RATE selecior controls
the delay one shol end the PULSE WIDTHRBURST
WIDTH selecior controls the width one shot, akong
with their respective verniers.

4.4 DETAILED CIRCUIT DESCRIPTIONS

4491 Curmeni Sources

Reler to the Generator Board Schemalic sheet 4, The
VGG IN (J7) and FRED VERNIER (R8E) are summed
with the dial potentiometer (R56) al the summing
node, U14 pin & of the VOG amplifier, Full scale on the
dial causes a — 5 voll control signal &t the dial bufter
outplt U114 pin 7. Rolating the dial lo minimum, plus
urning the FRED VERMIER cow produces —5 mV al
114 pin 7. The output of the buffer drives both the
GOV bulfer and current sources, The GOV output ai
14 pin 1 is + 5.0 volts at Tull scaie.

The curren source from U14 pin 7 is present a1 U113
pin 1. The oulpul of U3 at pin 12 i5 Ted (hrough leval
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shifting transistor 014 to UB pin 6. The collector cur-
rent at pin 7 flows from ground through RB1 and RBD.
As the voltage at U14 pin 7 varies, amplifier U13 and
transistor 014 adjust the base drive of U8 pin &, and
hence the collector current, until the voltage at U13
pin 2 equals the voltage at U13 pin 1. Because LB is
an array of maiched transistors with the bases con-
nected together, and all emitter ragistors are equal
with VERNIER selected, all collestor currents are also
Equal.

The positive current source |5 confrolled by a current
control signal a1l US pin 1, which 15 held at 0 volts by
the sarvg aclion of U1 3 pins 8, 7 and 10, level shilting
transistor 015 and UT pins & and 7. The currant 1" in
FE4 must fliow through RS3, and because lhesa
resisiors are both 1k, an egqual bul coposile base
contiol voltage is present on U7 pin 6 compared ‘o U8
pin & Because the transitors in U7 are matched and
their bases are al the same point, 8 positive current
“I" ows in RIF and hence the positive current
source. A small amount o adjustable balance is pro-
vided by RS5 ardd RS94 to enable the positive and
negative currenis 10 be set for cormect symmetry.

On ire 1M and 10M ranges, the liming currenl is
increasad by approximately 25%., allowing the use of
larger timing capacliors and hence, minimizing the
affect of any siray capacitance. On the higher ranges,
the paraliel resisiance across BB3 (at ISCAL) is
greater than the résistance on the lower ranges. This
would decrease the current through US pin 8 were i
not for the servo loop action of U13 pin 12, 014 and
U8 ping 6, 7 and B. For any VCG setting at U14 pin 7
and U13 pin 1, no maiier which range is salected, this
senvo loop maintaing the voltage at L1113 pin 2 equal 1o
pin 1. Because the voliage &t U713 pin 2 remains con-
stant from range o range, the voliage across, and
therefore the current throwgh RBED and B3 also
remains constant. This current akso flows throuch UB
pins 7 and 8. To enable this current fo remain con-
stant, the servo loop drives the base voltage at US pin
6 in 4 positive direction. Because all of the bases in
LIE are al the same point, the current relative to the
lower ranges increases in BB4 through BET and also
in the colectors of UB pins 1, 14, 2, and 3.

Variable symmetry is controlled by RBB which doubles
as the frequency vernier, With VERNIER salectaed,
RES functions as a frequency vernier with ane end of
the control connected to ground and the ather con-
necled 1o the = 15wvolt supply. The wiper supplies cur-
rent to the summing node U14 pin 6. Additionally. ane
end of 1k resistors BB4 through R8T are all con-
nected 1o the — 15 volt supply. For any given dial sa1-
ting, the current through each of e four resistors is
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"I, With 3YM selected, RBE lunclions as a varlable
symmetry vemier with The wiper connecled 1o the
— 15 vall supply. One end of thi verniar supplies cur-
rent to RB4 and RES, while the other end supplies cur-
rent to RBE& and RAT. With the vernier ceniered, each
leg Iz approximately 50000 and reduces the ¢urrent
through each of these 4 resistors io 1101, dividing the
generator frequency by 10, As the symmetry control
is varied, resisiors for the posilive and negative cur-
rant sources are changed in ratlo, hence the current
sources arg unbalanced and the timing for the posi-
tive waveform is varied i respect fo the negative
wavefommn, resulting in varable symmetry.

Losg delay de compengation currenis [+ ICMP and
— [CMP), are supphied by 016 and U2 pin 9 and track
the timing currants.

A current (ITRGBL), is supplied by UE pin 14 to the trig
baseline circuil to compensate lor variafions in freq
chal setlings whan the gereralor is in a guiescent
trigger or gated mode,

4.4.2 Current Switch

Refer (o sheat 2. The current switch is driven by the
square wave signal {ISWCTRL) from the hysieresis
swilch. Level shiffing transistor C10 provides a con-
trol signal for the diode bridge CRS, CRS, CR30 and
CR31. When the canirol signal is + 1.8 volts, CR30 is
reversod biased, allowing CRE fo conduct currani
from the positive current source 1o the fiming capaci-
tor selected by SW3-0. This produces a pogilive going
ramp. CR31 is also turned on, which reverse blases
GRS and prevents current sinking from the timing
capacilor 10 the negative current source. When the
control signal is — 1.8 vohs, both CA20 and CRY are
forward biased, white CR31 and CRE are reversed
biased. At this tme, current from the negalive curreni
source sinks from the fiming capacitor, producing a
negative going ramp.

443 Triangle Buffer Amplifier

Refer again o sheet 3 of the schemalic. The signal on
the selecied timing capacitor is present al bolih the
gate of Q11, and a1 US pin 2, These devices pravide a
very high input impedance for 1he signal to avoid leak-
age which would olherwise causs poor nangle
linearity. The output currant of 011 controls the base
drive 1o emitier follower 013 and hance the owiput
voltage on the emitter. This voltage is sensed &1 U3
pin 3, causing UY 10 adjust the base voitage of 012
until the ditferential input of US 15 zemm The low
impedance source outputl wvoilage at the emitter
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follcwer G113 now follows the high impedance npu
signal at the gaie of Q11 with a circuit gain of unity.

4.4.4 Hysterszis Swilch

Refer 1o sheat 2. U110 pin 5 is the inpul 10 the positive
peak comparator, white pin 1018 the input 10 the nega-
tive peak comparalod. A leveld shilted triangle signal of
= 0.9 volis o — 2.8 volls is present ai pins 5 and 10of
L0, Assume a positive going ramg. R18 and R19 sel
the relerence woltage on U0 pin 4 a1 —0.2 volls.
¥When the vollage on pin 5 excesds (he reference valt-
age on pin 4, ihe positive comparator changes siate
and the voltage on pin 3 pulses from an ECL low
[ = 1.8V) to an ECL high [ = 0.8Y). This signal Is con-
necled o clear direct (pin 4) of O fip flop US. The out-
pul of US pin 2 goes low, while US pin 3 goes high.
These oulputs toggle the differential pair OF and 08
50 that Q7 is on and 8 is off. This causes the curren
switch control sigral (ISWCTRL) to go fow, which con-
necis e negative current source to ihe fiming
capacitor, and causes he triangle (o begin o ramp
negative, The negalive peak comparator functions in
an identical manner 1o the posilive COMParstor excem
that the reference voltage at UID pin 9 I8 — 2.8 volls,
Al the negative triangle peak, U10 pin & pulses high,
Causing a sel direct a1 Us pin 5, toggling the currem
swilch signal (ISWCTHL) high and producing a posi-
tive going ramp. In aodition to being used to store he
first paak comparison pulse from L0 pins 3 and &, US
also ignores "'chatter”” from bolh positive and nega-
Iive comparalons.

4,45 Loop DC Delay Compansation

The circuit is also Iocated on sheel 2 of the schemalic
diagram. The purpose of this circuit 5 to adus! the
rederence voliages on the comparalors in 1he fwo
highest frequency ranges 50 thal the triangle peaks
da nat Increase in amplitude dee to loop delay. 02
functions as a vaniable posilive current source con-
trolled by the range switch and the main current
source. AZ the generator frequency s increased, the
base waltage ol 02 progressiialy moves negatie
causing pasitive current through R15 and increasing
the reference valtage on US pin 9 in 3 positive direc-
tion. Thiz causes the negative peak to switch earlier in
time, compensating for the loop delay and maintain-
ing constant triangle amplilude and correct frequency
tracking.

The positive peak comparator refergnce is changed in
an identical way, excep! hal the voitage on U0 pin 4
becomes more negalive with increased freguency.
4 iz a variable negative curment source, 0N and Q3
funclion as tempearature compensating diodes,

4-6
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446 Capacltance Mulliplier

Refer to schematic ciagram sheel 5. The capaciiance
multiplier is a presision curren! splitter which shunts
up o 59.090% of the VICG current away from the infe-
grating capacitor (C57) to produce the 100 mrough 0.1

frequency rangas. Timing currént is divided botwesn
C57 and A114, then again between B113 and the
selected ming resistor (110 through A112 ar B10B)L

The signal al U111 ping 2, 6, and 7 is a =1.0 volt
triangle. U11 (pins B, 7, and 10) is a non-invarting
amgplitier with a gain of 8. The wavaiorm ai U11 pin 1
i a +1.0 volt trigngle with 0.5 voll Spikes a1 each
peak, Al any given moment, the junclion of R103 and
CS55 (differentiator circuil input} has 8 times the
voltage as the junction of R104 and C5%5. This vollage
difference causes a consian! current 1o charge C55
through A104 and the salected timing resistorn. Thus a
frequency dependent charging current flows inlo 1he
summing node of U1 pin 1, producing an inveried
square wave component af ihe differenliaior sulpul
U11 pin 12 sinking or sourcing current from the main
eurren) sources and limiting the amount of current
available fo charge C57. The +1.0 trangle at L1 pin
2 provides the friangie porion of the wavelarm at U1
pin 12. Since the riangie siopes on U11 ping 1 and 12
are identical, only the square wave component of the
waveform at L1 pin 12 is across the timing resisior.
The amoun! of current suppled 1o charge CS55 is
therefore this voltage divided by the range resistor
value. As the range resistor 15 increased, the fesd-
back for U11 batween pins 1 and 12 is also increasad,
causing less current to charge G55 and increasing the
amount of curren! baing shunted to U1T pin 12 by a
factor of 10 for each lower frequency range

447 Sine Converter

Reter 1o sheet & of the circuit diagram. Thie sine con-
wvarier converts the bulfered = 1.0 vwolt peak triangle
to & sinusoidal current of 2méA peak. The inpu! triangle
woltage (TRIBUFC) passes through a voltage divider
neteork 1o the input of the diode Al pins 1, 4 and 6. AS
this signal progressinaly increases, the dinde belweean
pins 1 and 9 is prograssively reversad biased, sinking
fegs curreni and causing the diode betwesn pins 2
and 5 1o pass increazingly more current in a sinusoidal
manner o IFUNG, This produces the positive hall ol
the zine wave al the output of the preampiifier. Af the
gama lime, Ihe dipde batween pins 2 and 8 is progres-
sivaly reversed biased. This slows and eveniually pre-
vents current fram Howing from the negative partion
of the sine conveariar.

Whan the inpul wavelorm moves negalively, Ihe diode
between ping 2 and 5 is reversed biased and the diode



bansesn pins 2 2nd B progressivaly conducts, produc-
ing the negative half of tha sine wave.

F159 seis the inpul amplitede for cormeci biasing of
ihe sire conversion diodes, while R165 adjusts the
imput signal offsel. Thermiser R167 adjusis ihe npul
vollage Lo compensale for 1he diode vollage change
with lemperaiure. The network consisting of R166,
R16T and G102 provides a sigral (SINCMP) to the norn-
inverting inpul of the preamgiifier to compensate o
the effects of dicde capaciance which would other-
wize dision the singwave peaks at high ireguencies

4.48 Trigger Circuit

Refer 10 shee 5. The trigger input at J8 is added 10 the
voitage from the trigoer level controd R119 and cormr
pared at U12 pin 5 with a refgrence a1 U12 pin 4.
Whien the signal at U12 pin 5 axceads pin 4 by a low
miliivolts, U12 pin 3 goes high, R120 and OG0 ensure a
noize free pulse at U2 pin 3 which 15 one of Two wire
ORed inputs to U4 pin 7, The second input orlginzies
from the MAN TRIG switch circull. When This switch is
gepressed, R115 pulls U12 pin 10 low. Pin 10 is com-
pared 1o the Vbb reference voilage &t pin 3, letching
pin & high and prevenling false friggering due io
switch contact bounce. Pin 13 connacied 10 pin 6, IS
relerenced to pin 12, causing pin 15 to also go hegh
When either U12 pin 3 or pin 15 g0 high, UM pin 3 goas
low because these oulpuls are wire ORad 10 U4 g 7.
L4 pin 3 is connected o ping 4 and 10, Because pin
10 was previously high, U4 pin 14 was low causing a
low al U4 pin 5. The frigger pulse low at U4 pin 4
causes 8 10 ns ECL high puise at U4 pin 2, Af the
same time, U4 pin 14 goes high end afier the tme
delay sel by R126 and C52. U4 pin 5 &lso goes high.
This causds U4 pin 2 to refurn low.

In the gate moda CR14 holds U4 pin 11 high. lorcing
pin 14 low, The length of the conired pulse ai U4 pin 2
is now equal 1o the period during which U4 pin 7 is
hald high. In the continuowus mode, Ud pin 2 is hald
high by CH1E regardless of any npul frigger signals

4.4.9 Trigger Baseline

Refer 1o sheel 5. In the [rigger mode, with no frigger
inputs, US pin 12 is held low. On the next positive going
triangle, the frigger resel (TRIG BST) signal at U5 pin
11 causas US pin 14 to go high. This tuns Q18 off and
€17 on, which turns off 019, The Q19 emilter voliage
is pulled down by the negalive current sources Q20
and 021, causing CR19 o conduct. Because the
anode is ai ground and CR18 iz matched to CR19, the
voltage at the anode of CR18 is also zero. This causes
the triangle on the positive going ramp fo slop at ex-
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actly zerg wolis. Whean a trigger signal aacurs, LIS pin
12 goes high lor about 10ns, causing pin 1510 alsc go
high. Thig furng on 018 and tums off O17, which urns
on 19, causing the emitter to rizse 1o about 1.7 valts,
This reverge biazes CR1B and CR19 causing the
genaralor to run for exactly one cycie. In the gate
made, LS pin 12 iz held high for the duration of the in-
put signal causing ihe generatar 1o run for this intarval
plus the tima reguited to complate a partial cycle,

In the trigger of gated mode, QUIESCEN| slate, positive
charging current | llows in CR18. As the VYOG current
is varied, | also varies, causing the voliage actoss
CR18 to vary. Ta pravant 1his from causing & baseline
shift, current (1) mus! also fiow in the relerence diode
CR18. A negative current scurce (ITRGBL) & cor-
nected o the Dases of Q20 and 321, Negative curmam
{ =1} llows through the collecior of Q20 and R133,
Because of the configuration ol Q20 and 021, and
because R133 and B134 are bolh 1k0, an equal
amount of currenl — | aleo Nows through the callector
of 021 and B134, causing = 21 to Now at the junction
ol R133 and R134, Hall of this curreni [ =1} Mows
through CR13, while the remaining current flows
through CR18. Tharelore, the ancde of CH18is hald at
zaro wolts regardless of the VOG summing node
current.

The RLIN signal is used to hald the syne output bow
during guiescent periods

4.410 Sync

Reter to sheet 2. The SYNC QUT amplifier is driven
fromm the signal af UG pin 10 in the triangle and sine
functions, and from UG pin 7 when the function switch
i5 In the square funchon. Thasa Pwo inputs are wire
ORed at UG pin 13

In the triangie and sine functions, SYHC SEL allows
R23 to pull CR4 high causing a fow at U§ pin 2. This
enabk¥es the signal from the zero crossing detector
oulpul (U0 pin 15), and disebles lhe hysieresis
switch input ai LG pin 7. When the positive going ramg
crosses O volls ai the zer crossing delecior input
U0 pin 13, U10 pin 15 and UG pin 10 go high. This
causes a low al UG pins 14 and 13. UG pin 9 goes low
and pin 15 goes high turning on C5 2nd warning of! O6.
This ressults in a high at SYNCGOUT. As the triangle &t
U0 pin 13 crogses O volts in a megative direction, pin
13 goes low, causing Q5 to be turned on, producing a
hover @l SYWNC OUT. Theretore the SYNC OUT always
ipggles when the trkangie crosses 0 volls.

When the sguare wave funclion is salacted, CR4 pulls
L& pins 4 and B low. UG pins 2 and 11 now go high,
disablirg the 2ero crossing detector input from pin 10,
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and enabling the square wave input from UG pin 7. US
pin 3 now drives the SYMC OUT conmnector in a simitar
mannar 85 W0 pin 15 The SYNC OUT is in phass
wilih thie square wave outpul

AZ26, & 49.90 resistor se1s the 504 oulpul impedance,

4.4.11 Square Shaper

The square shaper schemalic is located on shest B, In
square lunction, CR20 pulls U4 pin 13 low, enabling
the hysteresis switch input (HYS) ail U4 pin 12, A low
a1l U4 pin 12 causes alow a1 U4 pin 15 and a high at
pin 9. Q22 wrns on while Q23 is turned off, producing
8 + 1.2 volt high &t the bases of the current switch
control transistors 024 and Q25. Transistor 025 5 on,
reverse biasing CR23, Transistor 024 is ofl aliowing
positive curren! to flow through R147, CR22, R154
and into the preamplifier node via R152,

When HYS toggies high, Q23 lums on forcing the
bazes of 024 and 025 jo — 1.2 voliz 024 jurns an
and 025 turng ofl, aliowing negative current (o flow
through R157, CR23, A154 and the the amplifier node
wia R152,

F152 and R154 form a curren] divider 1o obtain a 2ma
lull scale current into the preamplitier, Overshoo
caused by dicde capacitance is reduced by R153 and
C73. The output of the squara shaper | disabled in all
oler Tunclions by turning on 026 and CR24 which
reverse bias CR2Z2 and CR23 and pravenis curent
from flowing through R152,

4.4.12 Preamplifier

Refer to sheet 7 of the schematic circultry. For all
functions, full scale outpul voltage is produced when
2mA is injected into the input summing node U1 pin 8.
Transistor array U1 forms a cascaded differential
stage. Transistor Q27 is a lixed curren! source. 023
and 029 form a high gan vollaga Tollower, DG nega-
tive feadback is applied through R195 1o U1 pin 8. The
closed loop voltage gain of the amplilier is detarminad
by the ratio of R155 to the inpul resisiors, R1S2 for
souare wave and R1 76 lor triangla. The sing converier
outpul supplies the correct currenl directly from L3
pin 2 1o L1 pin 8. The seve action of fhe preampiifler
holds this point at O wolis, theralore no voltage can be
measured. U1 pin 4 is the noninverting inpul and s
uged both to adjust the ofizet fo 0 volis al TP2 using
R185 and o inject the sine converter compansation
gignal (SINCMP} sescribed wnder paragraph 4.3.7,
Sing Converter. High frequency compenszation is pro-
vided by R1B82, C81, CBE and ©153. Zener diode CR20
provides increased collector vollages for U pins 11
and 12 and aleo allows these two points to be rala-
tively close in voltege.

a8
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4.413 Oulput Amplifier

The output amplifier consists of an ac coupled ampli-
fier for signals ebove about 16 kHz, and a doc coupled
ampilifier for signals below about 16 kHz, and 10 main-
fain zero de ouipul oflsel within specified limits. Refer
to the simplitied cutput amplifier schemalic, figure
4-3,

Assume zefo input voltage at the junclion of RZ03 and
RZ18. The owlput 3! R222 and RZ24 is mainfalned at O
volis by de ampdifier U2, U2 pin 3 Is connecled to a 0
voll reference, It the output drifls away lrom 0 wolls,
this will be sensed at U2 pin 2 through R256, R257 and
R254. Amplifiar U2 will sense a dillerence between ilg
inpuls and produce an oulpul woltage which adjusis
the bkas in the ac coupled amplilier 1o retem the out-
put ta O wolis. Because R218 and R223 form half of 8
balanced bridge. and R253, R256 and H257 form the
second hall, the amplfier node at the junction of R218
and R223 will ba held at 0 volis as U2 has relurned the
junction of R253 and A256 to O volis,

A deinput of + 1 wolt 2t R218 and B253 iz sensed asa
posilive increase at U2 pin 2, causing UZ pin & to go
negative, The &c amplifier oulpul goes megative in
response o Ihe de control input. This continues until
the oulpyl becomes sufficiently nagative lo sink all
the input current, and return U2 pin 2 to 0 voils. The
bridge circuwil causes the ac amplifier node to be O
volts, IT the input s + 1 woil and the node al the junc-
tion of R218 and A223 is 0 volts then the input current
s 112 1=8.26 mh All of this current must flow in
R223. Because the node is al O volis, the output voli-
age must be —B.26 mA x 2kl = —16.52V. Thera-
fore the amplifier voltage gain = REZZIA21E = 16852,

Above abou! 16 kHz, the ac amplifier controls the
summing node directly, sinking or sourcing current
inrough R223 by adjusting the outpul valtage 1o hold
the node at 0 voits The ac amplifier gain is aiso
R223/R218 = 16.25. This is divided by 2 a1 the cutput
terminal, due to the 504 souwrce impedance resisions
R222 and R224, providing the oulpul is also termi-
nated into 5010

Refer to shest 7. The top hall of the circull amplifies
he positive portion of the signal, and the botiom hall
amplifies the negative parl. Q30 and Q21 form an ac
gain stage. An emitter follower stage is formed by 032
and 033, to prowde a low impedance drive to the
second voltage gain stage 036 and 030, This stage
drives the parallel output emitier followess 037 and
38 on the positive side, and 040 and Q41 on the
negative, Diodes CR23 and CR2G sel thermally stable
bias for the culpul transistors, Networks R211, R212,
34 and T93 bypass emitter resistor R208, while
R245, A246, C107 and C106 bypass R244, Ag fre-
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Figure 4-3. Simplified Output Amplifier

quancy is iIncreasad, Ihese companents decreasa (he
local egative feadback in the driver stage, inGreasing
the high lrequency gain. Voltage regulstors VRS and
VRE have extarnal current limiting circuitry se to limil
af aboul 220 mA o prevent damage in the sven of 2
shorted transistor. When 1he offset bullon is depressed,
offeel current is injected directly into boih nodes in
propariion fo the feedback resisbor values. The amoki-
fier responds exacily as described above for a do

inpat,

4.4.14 Output Attenuator

Refer to sheet 7. Each attenuator bution selects an
indepencent voltage divider, which has 508 input and
output impecances to correcily oad the amplifier and
lo provide a constanl 50 impedance at the FUNC
CUT terrminal.

The 10dB attenuztor has a 31611 voltage division
ratio. The 20dB attenuaior has a 1011 voltage division
ratio, and the 40dE stage has & 10017 ratio. These
ratios multipty in vodtage. For example if the 20dB and
40dE buttons are depressed, the voltage division ratio
is 1000M1. The attenualors add algebraically in dB,
therefore any attenuation from 10 to T0dE may be
selectad in 1008 steps.

4.4.15 Signal Routing Gates

&1l signal routing ks performed by logic gates that are
controlled by the MODE, PULSE, and FUNCTION
swilches, felar (o {he pulse board schemalics shasts
1 and 3. Thesa logic gates are parl of the fallowing cir-
cuit blocks: Switch Position Decoding logic, One Shot
Trigger Steering logic, and Trigger Selection logic. For
defatled information on signal routing relative {0
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swilch seitings, refer to the smplified pulse board
schamatics in section 6.

4.4.16 Variable Duty Cycle One Shots

When triggerad, a oné shol produces a pulse whose
duly cycle is controlied by a variable current source
and liming capaciter, There are three variable cuty
cycle one shots on the puise board: Width., Delay
Burst, and Sync. The three one shols each serve
special functions, bul they all kave certain common
leatures. First, a general descriplion provides an
understanding of how a variabie one sShol works.
Then, subsequent paragraphs gives detalled descrip-
tions of each of the three one shols.

4.4.16.7 General Description

A basic varieble one shot, refer 1o figure 4-3, consists
of a fixed duty cycle ona shol, latch, comparator,
rangs capacitors, and vanable current Source.

The ona shot is initiated by the pesitive going transi
tion of a triggering pulse. & fized duty cycle one shol
converts this positive transition 1o a 5ns pulse, which
sets the lalch. When sed the lalch output [(pin 3)
becomes revarsad biased, essentially an opan cireuil.
Al this time, the fiming capacitor (C1 or C2) begins
charging via the varable cwrent scurce, As the
capacitor is charged, a negative going ramp Is pro-
duced, When the ramp reaches =24V, the com-
paraior changes state (ow 1o high) 10 produce a posi-
tive going trangition. This transition resets the lalch,
terrminalas the ramp, and reterns the comparaior oul-
put to low, Ancther trigoer pulse now can retrigger the
one shol. The one shot oulput is a buifered pulse from
the latch (pin 4}
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Figure 4-4. Variable Duty Cycle One Shot

The wariable curenl source controls the timing
capacilor charging rate. The froni panel vernier con-
trols the current source over & 1071 range.

4.4.16.2 Width One Shot

The width one shot, refer 1o the pulse boaard
schematic sheel 2, receives a frigger pulse from
either WIDTH TRIG 1 or 2. This trigoer pulse is con-
warted 10 a Sne pulsa which sets the lateh (U13 pin B).
When set, the latch output (LI13 pin 9) goas low which
lurns off O2 that reverse biases 03 and O5. Now the
current source, 09 and OF can charge the timing
capaciter {C11, G12, €13, C14, C15, C16, or C18), The
amowl of charging current iz controlled by the
PULSE WIDTH/BURST WIDTH vernier. Charging the
capacitor produces 2 negalive-going ramp. The ramp
is bulfered by transistor O which driveg the com-
parator U112 pin 4, The emitter curreni of 06 s con-
trofled by transistor OB, parl of the current source,
This makes the buffers currenl proportional to the
charging current, which minimizes timing errors at
long pulze width settings. The comparator oufput U112
pin 3 changes states {low 1o high} when the compara-
for inpul reaches its trip point (approzimately — 2.4V,
The positive-going transition resets the latch U13 pin
13,

4-10
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Wihen resatf, the latch output U113 pin 9 goas high lurn-
ing on 02 and O3, O3 begins to discharge the liming
capacitor al 2 30 mé rate, At the same time, 05 is
purmad on which lorces LI132 pin 7 high; this prevents
triggering of he one shot

Ag the ramp discharges and approaches = 4V, 04
acis as a last clamp circuit which reduces 1he dis-
charge current 10 10 mA. AS the current throwgh 15
ncreases the current through R16 will decrease 10
cause the current through Q3 and Q5 [0 decrease.
Wilh 55 current through Q35, U2 pin 10 retums low,
thus enabling the laich U13 pin 12. The one Shol can
e triggered again.

During the quiescent state, transisior O3 and 04 sink
ali the current from the current source, This prevents
the timing capacitor from charging.

The pulee from the width one shat is originated at the
lafch (L13 pin 15), bulferad by the amplilier (U1 2 pins
14 ard 15), and fed 1o the trigger selection logic,

4.4.18.3 Delay One Shol/Burst Oscillator

The delay one sholfours! oscillator s Simitar to the
width one shot (ref: paragraph 4 4 16.2), excep! added
pircuilz allew it to fenction, in burst modes, as an
pecillator



As a one shot, a trigger pulse will et the latch (U171
pin 3). The current source (020 and 022) charges the
liming capacitor (C38, G398, C40, C41,C42, C43, C44
ar C45); the PULSE DELAY/BURST RATE YERNIER
controls the amount of charging current. A negative-
gaing ramp s produced. When the. ramp reaches
— 2.4Y, the comparalor toggles reselting the laich.
The output pulse from the one shot s originated at the
latch (111 pin 15), bulfered by the amplifier (U110 ping
14 and 15), and routed to the one shot trigger steer-
ing logic.

When confinuous or galed modes are selecied, the
delay one shot funclions as an oscillator, BURST
RATE and VERMIER conirols tha oscillaior lrequency,
To enable the gecillator, the control line B{G + C) goes
low. This urng on Q18 and forces control line BED
high, With BED high 023 turns on, his disables the
frip poini compensation cireul] (L0 pin 5} In addition,
control line DLY DIS goes high, thus turning off tran-
siglar 17 and 019 which reducas the current from
thi: Curran! sources.

With BURST CONT selected, the conirol lines GATE
QUT (U3 pin 11)and GATE ENB (U3 pin 10) goes high,
which forces T (U3 pin 14) hagh. With B{G+C) and T
high, the one shot is enabled as an ascillalor.
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With BURST GATE selected, the control line BIG +C)
remalns high, but, the ling T follows the rgger inpul
signal, This enables the oscillator sach time T goe
hagh, -
With BURST TRIG selected, a pulge will trigger the
oocillator fo produce a single cacillalor cycle,

44164 Sync One Shot

The sync one shol, reler o puise board schematic
sheel 2, receives its trigger input (SYHNC TRIG) [rom
the one shot frigger steering loghc. The fixed dory
cycie ane shot converls the SYNC TRIG pulse into a
ans pulse that sels the latch {US pin 9). The current
source (R41) charges the range capacilor (C25, G286,
C27. C28, C28, or C30) 1o produce a negative going
ramp, When (he ramp reaches the reference |level
{approximately =24\ the comparator (L4 pin 7)
toggies high to resel the laich (U5 pin 12} On ihe
100ns and 20ns pulse width ranges the resisiors A43
and R44 paraliels the curren! source resistor R4 1, this
increases the charging current 1o C30.

Theoutput pulse from the sync one shot Isoriginated
al the latch (U3 pin 15), buftered by an amplfier (L4
pins 14 and 15), and routed to the ECL 1o 500D
COMVertar.
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51 FACTORY REPAIR

Wavelek maintains a laclory depanmen! for those
Cuslomers nol possessing Ihe necessary personnel or
[#51 equipment o mainiain the instrument. I an
instrumanl is rélurmed 1o the faciory 1or calibration of
repair, 8 detaiied descriplion of the specilic problem
should be attached to minimize turnaround Hme,

5.2 REQUIRED TEST EQUIPMENT

Voltmeter Millivplt do measureren]
(0.1 % acCuracy), rug rms
Oscilkoscope, Dual Channel . 100 MHz bandwidth

Coounter 20 MHz (0.01% accuracy)
E00 Fesdihry %1% accuracy, 2w
Distortion Analyzer Te 200 kHz
RG53U Coax Cable 3 11 lengih BMNC male contacts
Spectrum Analyzer To 20 MHz

6.3 COVER REMOVAL
NOTE

Befare removing the covers, disconnact tha
ingtrumeant from the sc powar source.

et the instrumant and ramcve th lour serewsinthe
bottorm cowvar. Remove the botlom Sowir,

NOTE

Heamove the cover only when if (5 Necessary
i make adiusimeants or measurements.

54 CALIBRATION

After referring to the following preliminary data, perform
calibration, as necessary, par lable 5-1, 5-2 I performe
ing partial calibration, check previous settings and
adjustments for epplicability, Calibration poinis are
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SECTION
CALIBRATION

shownin figure 5-1_Motica thal the pulse boand does not
require calibration

NOTE
The completion of the calibralonprocedure
returns ihe instrement lo correct alignment.

CALIBRATION LIMITS AND
TOLERANCES ARE NOT
INSTRUBMENT SPECIFICATIONS

Instrument specificalions are gren in Sec-
fion 1 of this manual, |

1. ANl measurements made at the FUNCTION OUT
conmaclor must be terminated into 2 5081 £ 1 %)
load

WARNING

With the covers removed, dangerous vollage
points may be exposed. Contact with any of
the=ze points could cause serious injury or
daath.

2. Stari the calibration by removing covers as
descrived in paragraph 5.3, connecting 1he unil to
gnac source and seiting these froni panel swilches
a5 follows:

Z¥M Cff (extendod)
TRIZ LEVEL .12 o'clock
DC OFFSET oA {extandad)
DUTPUT ATTEN 0 B (all extendad)

3. Allow the unil 1o warm up al leas! 2 hours for final
calibration. Kespthe instrument coverson tamain-
tainheat. Remove covers only 1o make adjusimeants
Or measuremanis.
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6.1 FACTORY REPAIR

Wavelak maintaine a factory repair departmeant lor
thozse customers not posssasing the necessary pear-
sonnel ar lest equipmeni fo maintain the instrument. If
an ingtrumend |5 returned [o the factory bor calibration
of repalr, & detailed descriplion of the specific pro-
Dlern showld be attached o minimize (urnaround Hime,

62 BEFORE YOU START

WARNING

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

Since no froubleshooting guide can possibly cover all
the potential problems. the aim of this guide is to give
a mathodology which, il applied consistently, will lead
1o the problem area. Therefore, it is necessary 1o
familiarize yourself with the instrument by reviewing
the lunctional description ang the detalled circull
description in conjunclion with the schematic. Suc-
cassiul froubleshooling depands upon undarstanding
the circuit operalion within each functional block as
will as the block ralationships.

For pulse problems, refer to paragraph 6.5, For EIF
olher problems, refer to paragraph 5.3,

6.3 MAIN BOARD TROUBLESHOOTING

Table &1 gives an Index of commaon symplioms for the
main board, (Feor pulse board troubleshooting, refer to
paragraph 6.5.) For each sympiom a troubleshooting
guide iz referanced (Paragraphs 6.3.1 through B.3.15)
that, whan carractly followed, will lead to a salution 1o
the problem,

The main board troubleshooting guide (5 arranged in
thres (3) ievels:

1. ldentily improperly set controls.
2. lsolate the faulty functional blocks
3. Identify the faully circuit or component.
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SECTION
TROUBLESHOODTING

Individual companent iroubkeshooting is givian in para-
graph 5.6, recommended tes! equipment is givan in
paragraph 5.2 and circwit schamalics are in the back
of this manual,

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

3. Inspecl components, wiring and circuit boards for
heeal damage.

4. PRacalibrate as necessary afler circuit repair

Fird the ingirument sympiom caused by main board
in table -1 and proceed as directed to e proper
troubleshooting paragraph. See paragraph 6.5 flor
pulse hoard related problams.

Table 6-1. Main Board Related Symptoms

Symatom Faragraph

Fute bicnws, i died larmg. B3
P gupgly =100 myo-p rippte or o ol 832
Epeiecsifas-a S0

Fumetion oul {all funclions) dabgdod o 633
msLing

Square cutpal distortsd oF migsag &34
Sane wave cuiput distoried of misg, &35
Triangle cutpul Selorted o missng G468
Syne eupul distorted or missing (FUNC CLUT 637
noimali

Excagsive high frequency sine of triangle 638
roll i, excessive square wave gearshodt and

rigeflal pme

Low lrequency souare wave 181, B39
Time symmairy canmol be adusied within G310
spicification,

Frequency etcuracy and dial response R RE
probiems,

Triggai, gate ard Ingaer taseting ponblams B.3.12
Voage at VOG 1N connecior nol changing B313
fraguency propely

O ofset nol funciicning conecty LERT]
Yaslable symmeiry probéems B315
6.31 Fusoe Blows, Mo Dial Lamp

1. Fuse size incorrect for voltage setting.
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2. Line vollage selecior incorrectly positioned.

3. Disconnect PS5 11 ac vollages are now corrac,
reler to the power supply guide, paragraph 6.4.1
If nol, inspec! the trangiormed and powed
receptacie.

6.3.2 PowerSupply >100 mVpp Ripple or Out of
Specification

1. Check line voltage selecior for correct positon.

2, If the supply s OV, check for a short between the
faulty supply and ground by liing the jumpers at
tear ol the board and removing the pulse board..

3. Lt PEfram the board. If the voltages at PS arenal
cloze 1o the values shown on the schematic lable,
inspact the transformer and power receptacle, If
the voltages are normal, connect PS, then [ift the
jumpers (rear ol board) for laulty supply. If the
supplies are still bad, reler to paragraph 64.1. If
not, the problem is caused by an excessive cur-
ren| drain by he generator irguils.

6.2.3 Al Waveforms at FUNGC OUT Distoried or
Missing

Improperly s controls:

1. OUTPUT ATTEM or AMPLITUDE conircis incor-
rectly sef too low for scope gain or wolimeter
range

2. FUNCTION swiich incorrecily sel 10 DG of
FULSEBURST.

3. MODE switch incorrectly set o TRIG (FUNC) or
GATE (FUNC) or BURST modes.

4. 5Y¥M or DC OFFSET butionz depresssd.

Functional blocs solation:

1. Verly power supphy voltages are within £ 5% of
nominal, with less than 100 myp-p of ac ripple. i
not, reter 10 paragraph 6.4.1

2. Check for a nonlinear triangle. 11 ihe tnangle is
nanfinear on only one range, check lor a leaky
capacitor an thal range. If the triangle is nonlinear
in more fhan one range, check for leaky capace
tors or fauity active components in the frecuency
multiptier and triangle bufier circuils,

3. It the wavelorm is bad in one o the lour lowest
ranges (.1, 1, 10, 100}, but the remaiing ranges
are ngrmal, reler to the capaciance multiplier
gulde 5.4.9.

4. I the waveform is bad only in 1M or 106 FREQ
MULT positions, refer 1o paragraph 6.4.3. If the

B-2

www.valuetronics.com

delay compensation circull appears normal, reler
o legure &-1,
5 If square wawve symmatry, measured al FUMNC

QUT, is oul of specilication and cannot be cali-
brated, refer 1o paragraph 6.3.10.

6 It none of the above conditions apply, refer 10
gure 61,

6.3.4 Square Wave Distoried or Missing
Improperly sat contrals:

1. 5¥M builon depressed.

2. Excessive dc offsel ovendrving oulpul amiplifier,
3. Funclign switch impraperly set to PULSE/BURST
4

Incorrect PULSEMSQUARE OUTPUT buiton
depressed

Funchonal Block isalation;

1. Vadily power supply vallagas are within =5% of
nominal, with fess than 100 mVp-p of ac rippla. It
not, rafer to paragraph 6.4.1,

2 If the waweaform is bad in one or more ol the four
lowest ranges (1, 1, 10, 100}, but the remaining
ranges are normal, refer to paragraph £.4.8.

3. If symmetry is not in specification and cannot be
calibrated reder o paragraph £.3.10,

4. It none of the above conditons apply, refer 1o
figure &-2.

6.3.5 Sine Wave Distorted or Missing

Improperly set conirols:
1. 3¥M bution depressed
2. Excesshve do offsel overdriving outpul amiplifier,

Functional block isolation,

1. Werily power supply voliages are within £5% of
naminal, with less than 100 mVp-p of ac ripple, If
nod, refer fo paragraph 6.4.1

2. Check the {riangle for nonlinearnity ai FUNGC OUT
i it iz monlnear, bul enly on one range, check for
a leaky capacitor on that ranga. I the triangle is
ngnlinear on more than one range, check or a
l@aky capacitor or fauly sctive componant in the
frequency mulliplier and triangle buffer circuits.
[NOTE: Some nonlinearity abowve 200 kHz is nor-
mal and not specified.)

a1 the wavelorm is bad in one or mare af 1he laur

lowast ranges (1, 1, 10, 100} but the remaining
ranges are normal, refer to paragraph 6.4.9



COMPENSATION
HIDE Bad

REFER TO
TRIAMGLE BUFFER
FUIDE &.4.6

LIFT A8 AT
EMITTER OF (i3
ASED IMJECT
VARIABLES = 1 Wdc
AT LIETED EMD

Figure 6-1. Function Output Troubleshooting

REFER TC
HYSTERESIS
SWITCH GUICE
LR
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SENE OUTPUT
DISTORTED OR

MIGSEHG

iF THE PROELEM 15
FREQUEMCY RELATELD,
SET UNIT TO THAT
FREQUENDY

HOAMEAL
= 15 vp BINE WAVE
AT 22T

GUIDE &.4.14

e
I“mllml g CHECK
AMPLIFIER QUTPUT

GUIBE 8815 ATTENUATOR

Figure 6-3. Sine Outpul Troubleshooling

4. Verily thal square wave symmetry, at FUNG QUT,
i5 In specification, If not and cannat be calbrated,
rafer 1o paragraph 6.3.10

3. Il nona of the above conditions apply, refer 1o
figura 6-3.

636 Triangle Distoried or Missing

Improperly sat coniroks:

1. S¥YM bulion depressed

2. Excessive do offset overdriving oulpul amplifer.

Funclional block isolation:

1. Werily power supply volitages are within 5% of
nominal with less than 100 mvipp of ac rippie. I
not, refer to paragraph 6.4.1.

2. Check the triangle for nondinearity at FUNC OUT.
I it iz nonlinear, but only on one range, check for
a leaky capacitor on that ranga. If the {riangle is
nonlinear aon more fhan one range, check for a
lsaky capacitor of faully active companent in the
frequency multipier and triangle bulfer circuits.
(MOTE: Some nonlinearity above 200 kHz is nor-
mal and nol specified.)

3. N ihe waveform ks bad in one or more of the four

www.valuetronics.com

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

4, Verlfy square wave symmetry al FUNG OUT is in
specification. If not and cannot be calibraled,
refer 1o paragraph 6.3.10,

5. If none of the above condifions apply, refe: 1o
figure 6-4.

6.3.7 Sync Output Distorted or missing (FUNC
OUT Narmal}

Impropery sei confrols:

1. Becausa the FUNC QUT is normal, this cannot be
caused by improperly se1 controls.

Functional tlock isclation:

1. Iihere is no ECL square wave al UG pin 10, refer
io paragraph 6.4.7. If there is an ECL sguare
wiave, refer 1o paragraph 6.4.8.

6.3.8 Excessive High Frequency Sine or Triangle
Roll On

Impropery sel controls:
1. Excessive do offsel overdriving output amplifier,

&-5



TruAMGLE
OUTPUT DISTORTED
0 MIESING

THAT

IF THE FROELEM
AELATED, SET LWIT TO
FRECUERCY

Lk YES

BEFER TG CHECK BAS-R
THIANGLE F ]
BUEFER GLIDE PREAMPLIFIER
S GUIDE B4 14

Figura &4, Trangle Outpul Troubleshooting

2. Verify 500 lpad on the cable al oscilloscope end

Funclional biock isolation;

1. Werily power supply vollages are within =5% of
nominal with less than 100 mypp of ac ripple. 1
not refer 1o paragraph 5.4.1. Use a X10 probe wilh
avery short ground lead and a specirum analyzer,
RF volimeler or a 200 MHzZ bandwidth scope
when performing sine or triangle rall-clf 1ests,

2. Il none of the above conditions apply, refer 1o
figure &-5.

639 Low Frequency Square Wave Tilt
Improperly st controls:

1. Scope improperly set to ac.
Functional block isolation:

1. VNerity power supply voltages are within = 5% of
nominal, and less than 100 mVpp of ac ripple. If
nol, refer io paragraph 6.4.1

2, W none of the sbovae conditions apply, refer to
figure B4,

6.3.10 Time Symmetry Canncl Be Adjusied To
Within Specifications

Improperly set controls:

6-6
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1. SYM bution depressed.
2. Function switch improperly set to PULSE/BURST.,

Functional block isolation:

1. Verity power supply voltages are within £ 5% of
nominal, with less than 100 mypp of ac ripple. If
not, refer 1o paragraph 5.4.1.

2. I gymmedry s oul of spacification in one of the
four lowest ranges (1, 1, 10, 100), but the remain-

ing ranges are normal, rafer to paragraph 6,49,

3. W symmelry is oul of specification on FREQ MULT
setlkngs 1M or 10M only, relar to paragraph 6.4..3.

4. It the vollages acrogs RES and RST are not equal
(typically 3.8V, Freq Dial 2.0 Freq Mult: 100K or
less), refer to paragraph 6.4.2

6.3.11 Frequancy Accuracy and Disl Response
Problams

Improperly sat controls:

1. S¥M bution depressed.

2. Exiernal signal connected to VO35 in BMC,
3. VERWNIER ot in FREQ CAL position.

Functional block isolation,
1. Verfy power supply voltages are within +5% o



WANE & 1.5V
< 3% ABERRATICNE, ™y  E2

CAMPENSATION

Figure 65, High Frequency Waveform Troubleshooting

romingl with less than 100 mVp-p ac ripple. If not,
refer to paragrapn 6.4.1.

2. I the problem occurs in ane of the four lowest fre-
guency ranges (.1, 1, 10, 100}, bui the remaining
ranges are normal, refer 10 paragraph 6.4.9.

3. I the frequency accuracy is out of specification
o FREQ MULT =atlings 1M and 10M, refar 1o
paragraph 6.4.3

4. I the freguency is out of specitication, but only on
cne range, check the range capacitor for that
range.

5. [t the problam occurs on the 1K, 10K, or 100K
range, check the range capacitor.

B. On the 1K range and lreguency dial set ai 2.0,
check for 3.8V across ABS and RY7. &5 the dial is

www.valuetronics.com

rotated, this vollage should linearly track the digl
seltings within £ 3% of full scale, If nol, refer to
paragraph 6.4.2.

Il none of the above conditions apply, refer to
figure &7,

6.3.12 Trigger, Gating and Trigger Baseline

Problams

Impropery 8 controls:

MODE incorrecity set to other than TRIG (FUNC)
or GATE (FUNGC),

FUNCTION Incorrectly set to DC or PULSE

BURST wilh improper PULSE DELAY or PULSE
WIDTH settings

DC OFFSET averdriving output amplifier

&7



YES

REFER TO DUTPUT REFER 10 REFER TO SCUARE
CHECK QUTPUT AMBLIEIER GUIDE PREAMPLIFIER GUIDE SMAPER GLIOE
ATTEMUATOR 8415 BA B2

Figure 6-6, Low Frequancy Square Wave Troubleshooling

= 103V

AT U8 PIN & 1]
7

CHECK Ul CHECK, 113,
PiME 56,7 Cd AMD "ﬁ&c:;gﬂ-
AND CURRENT CURRENT SOURCE GUIOE
SOUACE GUIDE SCURCE GLIDE 843
X N 043

+ LI

ATUT PINS Yes

CHEGH U3, CHECH U
5 AMD CURRENT LND CURRENT
SouRCE GUibE BOURGE CnDE
BaZ B2

Figure 6-7. Frequency Accuracy Troubleshooting
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]

:

CHECH 2
BN TRGGER
HHDE 6410

o

CHECK LW AND
TRIGGER GUSDE
6%

VERMIER .
ROTATED?
CHECH. U3 PING
2 4, 5 D PULSE
BO&RD AND J2
FEE 1,8

FEFER TO TRIANGLE
SUFFER GUHDE BAE

Figure 6-8. Trigger Gale Troubleshooling

Functional block isolation:

i.

Verily power supply voltages are within = 5% ol
narfainal, with ess than 100 mVp-p of ac ripple. If
not, refer 1o paragraph 6.4.1.

If the trigger baseline cannol be calibraied within
specification. st MODE to GATE and monitor the
emitier of 219, With TRIG IN disconnected, rotate
the TRIG LEVEL cow. The voltage should go
about =0.7 Vdc. Rotating the TRIG LEVEL cw
should change this voltage to about + 1.8 Vde. If
thesa voltage readings are normal, check CR18
gnd CR18.

It none of the above conditions apply, refer to
figure &-8,

For high frequency (1M and 10M ranges) trigger
or gale problems, sel the conirgls as nllows:

Frequency Dial 20

FREQ MULT: 10M

5YM: OFF

KMODE: TRIG or GATE
(Dapends on symphom-
GATE preferrad)

TRIG LEVEL: 12 o'clock

www.valuetronics.com

Ge1 the scope as follows:

Harizontal; 20 nesidiy
Vertical: 1 Widiy

Inject a 15 MHr 1 Vip-p trigger signal and rafer 1o
figure B-8,

6.3.13 Voltage At VCG IN Conneclor Not Chang-

ing Frequency Proparly

Improperly sel controls;

1

Excessive VG [N voltage for dial seiting (maxi-
rmum input voltage s + 5.0 Yde with the dial sef aj
L2 and the Freg VERMIER turned cow)

2. Modo control improperly set to a BURSET mode
Funclional block isolation:

2af the frequency dial 1o 2.0, FRED MULT o 1K,
and VGG IN with no inpud. Measure woliage
across RBE and RY7 [+ 3.8 Vd2). In addition, as
ihe frequency dial is rotated. the volage lnearly
fracks 1he dial setlings within == 3% full seale, 1T
functions properly, check R&T, RE8, BEY and
associated circuitry, but if not, refer ta paragraph
B.3.11.
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REFER
TO TH
BASEL™NE GLIDE
LCERL

CEEECR, Uy
PRSI 4,5
4 PULSE BOARD
AHDJI NG 1,3

HIGH FAEQ
TRIGGERIGATE
FROSLEM

CHECK W12
PING 2
THROLUGH &

AND ASEOCIATED

CIRCLITRY

CIRCUITAY

Figure 6-9. High Frequency Trigger/Gate Troubleshootling

6.3.14 DC Ofisel Not Functioning Correcily
Improperly set controls:

1. Signal peak plus offset exceeding + of = T.3V
(with & 500 load), or = 15V open circuil

2. Check QUTPUT ATTEM since this also attenuatas
outpul offsel.

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.

2. Takz the following vollage measuremants with
the DC QOFFSET bution depressed and the DC
OFFSET controd rotaied ow:

al The junction of A260 and G116 should vary
from + 8.0V 1o — 8.0V,

B} U2 pin 2 ghould hold at 0.0V,

g) U2 pin 6 should vary from —1.0V to + 1.0V
(Drifting of this voitage is typical because of
consian! compensation by U2 of varations in
oupul 1ransision currenis.}

g10
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3.

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

6.3.15 Variable Symmetry Problems
Improperly a1 conirols;

L
2

SYM button is incorrecily exiended,

Mote: When 5YM is depressed the outpul Irequency
should be one-tenth the selected freguency,

DC offsel is overdriving the culpul amplifies
Mode swilch incomeciiy sel 1o a BURST mode.

Functional block isolation:

1.

Verify power supply voltages within 5% of
nominal with less than 100 mVp-p of ac ripoke,
not, refer to paragraph 5.4.1,

When the woitage at the nghl leg of REE
(WERMIER/SYM CW) is — 15V and when the voli-
age af the lefl leg of RBB (VERNIERISYM CCW) s
— 15V, reler 1o paragraph 6.4.2. If not, chack RBA
and SWE.



6.4 CIRCUIT GUIDES

Circuit guides provide listings of voltage lovels, wave-
farmne, and hints that, when used with the echamatics,
are halplul in Isolating faulty circuits. Table 62 is an
index of elrgull guides.

Table 6-2. Circuit Guide Index

Circuil Guide Paragraph
Power Supply 6.4.1
Current Sourca B.4.2
Loop Delay Compensation 6.4.3
Current Switch £.4.4
Hysteresis Swilch B.4.5
Triamghe Buller 6.4.6
Zera Crossing Deteclor 6.4.7
Synic 6.4.8
Capaciance Mullipiier 6.4.9
Trgoer 6.4.10
Trig Baseling B4.1
Square Shaper 6.4.12
Sine Converiat 6.4.13
Preamgplifier 8414
Outpul Amplifier 6.4.15
B8.4.1 Powar Supply Guide

1. To determine a faulty power supply, check for
ihe voltages given in table 6-3.

Table 6-3. Power Supply Checks
Maximum Maximum
Aegulnior FRagulator
Irpui Outpud
Walinge Rippla Ripple
Supgpdy Tolerance {p-g {e-al
= 15V Balamia W x 1.5V - S
(al
+ 158V a]] 1.5 ¥ac 10 my
- 15% iel 1.5 Vac 10 mv
+ iy = TS50 mv 1.5Vac 16 mv
- o & 750 1.8 Vee 10 my
ig}'ﬂ' + 1_:1E‘||'|:i: 1.5 ¥ee 10
—2ay =+ 1,15 Voo 1.5 vae 10 my

2. if the regulator input is bad, remove PS5 and
check for.

a. Shorted or open diodes {CR1, CRZ, or CR3).
b. Shoried or open capacitors at the input of
the reguiataor,

c.  Shorl between the regulator metal mouni-

ing tab and chassis ground.
3. I the regulator inpul is good, check for:

&,  Shorted or opan capacilors al the output of
the regulator,

b.  Short between regulalor metal mounting
tab and chassis ground

¢ Excessive loading by main board clrculls;
1o wverdfy, iift jumper of the appropriate
Supply.

d. I all of the above condilions appedr nor-
mal. replace the vallage regulator.

.42 Current Source Guide

Top of Dial Check: S the contiols as fofllows, 1nen
periorm 1he checks in table 6-4,

Control Setling
Freguency Dial 20
FREQ MULT 1K
YERMIER FRECQ GAL
5vM Ot fextended)
VOGN Cisconnected
Table 64. Current Source Check (Top of Dial)
Test Point Desired Resulis
Uid pin 7 =5 £ .5Vde
13 ping 1, 2 -5 + 5 Vde¢
Measure across BEY +38 £ .38 Vdc
U8 pin 6 =103 £ 1,03 Vde
Measure acroze RBY and R92 | + 3.8 £ 28 Vdo
L13 pin & 0+ 01 Vde
U7 pin & 4102 £ 1.l:r2_1‘ﬁ_£
Measure across A06 and R8T | + 3.8 = .38 Vdc

fa) Measumed between + 15V and — 15V supplies.
i) Moasure and nole + 157 supghy [V | 4c)
€] =15V supply = = |V 45 = 01V)
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VCG Check: Sel the controls as follows; then perform
the chacks in table 6-5.

B-11



Control
Frequency Dial
FREQ MULT
VERNIER
5TM
VOG IN

Salting

L

1K

Full cow

Off (extended)
+ 5.0 Vdg input

Table §-5. Curmrent Source (VCG IN)

Test Point

Desired Results

UT pin &

+14.38 = 1.44 Vdc

B pin B (disconnect VCG IN)

=143 = 1.43 Vdc

10 MHz Range Check: Se! the controls as shown
below, then perform the checks in lable 646

Control

Frequancy Dial
FRED MULT
VEAMIER

SYM

VCG IN

Setling

20

1084

FREQ CAL
Off {exiended)
Disconnesied

Table &-8. Curreni Source Check (10 MHz Range)

Tes! Point

Degired Results

Measure across R99

+59 + 59 Vdc

Measure across RE3

+E6.06 + .61 Vdo

U pin &

=82 + .82 Vdc

Table &7, Loop Delay Compensation Checks
Test Polnt Desired Resulls
O oand OF amitiers + B2 + 82 vdc
01 base and callacior, +85 ¢+ 9Vde
22 bass
Q2 collector | +0.68 = .07 Vde
Q3 and Od emifier =905 = .01 Vdc
23 and 04 base - 532 = B3 Vdc
03 collector _
Od collecior -d.2 + 42 Vdc
L0 pin 4 | =16 % .16VaC
{4+ Peak relerance)
U0 pin & | —247 = 22V¥de
i{— Peak relersncea)

G.4.4 Current Switch Guide

Set the conircls as showr

then flake wavelsmm

migasurameants. Reter 1o ligure 6-10.

Variabla Symmatry Check: Sel the conirols as
shown then measure the vollage AciOSS TeSisions
RE4, RAS, RBS. ABT, R93, and RAT. The measuted
voltages should read 4038 + 04V,

Control Settings
Frequancy Dial 20
VERMIER 12 o'clock position
VoG IN Disconnected
FREQ MULT 1K
BYM On (depressed)

6.4.3 Loop Delay Compensation Guida
Set the controls as shown: then periorm the checks in

iable 6-7.
Controls Settlings
Freguency Dial 20
VERMIER FREQ CAL
VCG IN Disconnecled
FREQ MULT 10M
SYM Ol (axtended)
612

www.valuetronics.com

Controls Settings
Fraquency Dial 2.0
FREG MULT 1K
SYM O (extended)
MODE CONT (FUNC)
+ 28V — 15 ns
| TRANSITIONS)
QIDBASE | = % 1
1BV —— I8 na
| TRANSITIONS)
@10 EMITTER | B
FUBY == ke - b
ﬁ_ _‘(} -
CR30 ANODE = J o -1y
+ 1Y - !
WMTMLHS‘_E_Q — 1BV
+10v === ""' =TT e e #OTY
GRS CATHODE W |- = — =14

Rdd VOLTAGE DROP
Flgure B-10. Currant Switch Waveforms




6.4.5 Hysteresis Switch Guide

Set the confrols as shown; then perform the checks in
tabde 6-8, and feke wavelorm measurements. Refer 1o

Tigure E-11.
Controls Seltings
Frequency Dial 2.0
FREQ MULT 1K
SYM Off
MODE CONT (FUNC)

Table 5-B. Hysteresis Switch Guide

Tes! Point Desired Results
U0 pin 4 =09 + 09 Vde
{+ Peak referanca)
U0 ping -2.8 % 28 vdc
{— Peak refarence)
G and GF emiliers 20 = .3 Vdc

[ I —_—— 2
L
-2V SR 'I
% BASE |
= e —— e — 2B
Figura 8-11. Hysteresls Swlch Wavalorms
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6.4.6 Triangle Buffer Guide

Sel the controls as shown; then periarm the checks in
table §-9 and take wavelorm measurermenis. Refer to
figure 612, I, after setting the controls, the generator
loop doas nol run, Il B45 al E23 and infect & = 1.0V
triamgle inlo R4S,

Controls Setlings
Frequency Dial 2.0
FREQ MULT Tk
SYM Qi
KIODE CONT (FUMNGC)

Table 69. Triangle Bulier Checks

Test Point ! Desired Rasults
11 drain i +685 %+ 65Vdc
012 emitler | 0.3 + 0% Vpp triangle,
oftset =10 *+ 1 Vde
012 base 0.3 = 03 Vp-p triangle,
offsel —9.3 = 9%de
013 collectar +50 = 5Vec

011 BOURCE (a)

=% I
USPINS2 AND 3 |
Q11 GATE,
G013 EMITTER (&)

Ua PN 6

(@) Requiras a X0 Proba (high Impedance)
Figure 6-12Z. Triangle Bufter Wavetlorms

6.4.7 Zero Crossing Delector Guide

Set the controls as shown, then fake wavelorm
measurements. Relfer to figure 513,

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

613



FUMCTION: SIME OR TRIANGLE

U0 PIM 13 I —1--' AT T e = === LY
5__ _"_:.E 013 EMITTER - LY
. - - 10V
- —
it
U0 PIN 15 | g | _1gv  UBPIN10 | |
- 7 - 0.8V - & - = b
LD PIM 14 I | I - —-.-—.I_—uw
e e =1V U FIN 13
: _| 1_ P ed —— AN
10 PiM 12 I | Fl.mr:ﬂuﬂ:ﬁw._l.HE - e = (LBY
{in TRIG made, P, LA e | w U
no input, voltage ks — 1.2 Vac) Us Pin? T
! =,
y — - - ]_-u.w
Figure 6-13. Zero Crossing Detector Wavelorms L6 PIN 13 N
iF = FEMSET, 5
ALL FUNCTIONS
o 2 — = 0BV
648 Sync Guide US PIN 13 ! !
Sel the controlg as shown (hen perform the checks in = = s e —_— =10
teble 6-10 and take waveform measurements, see LI i = = __ -0Bv
Ti &14.
= UE FIN 8 ,I !
Controls Settings = —— =18V
Frequency Dial 20 = —— T
FREQ MULT 1K UBRANTS | ]
S5YM Ot Ll _ 18V
MODE CONT (FUNC) L B
I
(] ]
Tahlln &10. Sync Check COLLECTOR | ~ B bl |~ e
! Desired Resulls (SYNC OUT OPEM CIRCUIT)
Function;
Sine or Trdangle Functioe: Figure 8-14. Sync Waveforms
Tesl Paint | Wava Squais Wae
CA4 cathods : +12 = 12 Vde -5 % .5%de
Uspins dand8 | —1 = .1 Vek 43 = 43 Vo
LIE pins 2 and 11 —-18 = 18 Ve =08 = 08 e
e LT PINS 1,
OS/06 emittors | - 16 £ 16 Vde 16 = 18 Ve 511

6.4.9 Capacitance Multiplier Guide

Set the controls as shown; then take the wavelorm — = 11.5W

'__
measurements. Reder 1o figure 615, : = —— +;-.::
I -+
Controls Satlings e : e
Frequency Dial 20 —= «B5V
FRECQ MULT 100 —=11.5¥
SYM Off Figurs 6-15. Capacitance Multiplier Waveforms
MODE CONT (FUNC)

c-14
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6.4.10 Trigger Guide

TEIG or COMT Check: 521 the controls as shown!
ihen fake tha wawvelarm measuremeanis. Refer to
figure G-16.

Conirols Settings
Frequency Dial 2.0
FRECQ MULT 1K
MODE TRIG (FUNC) or
CONT (FUNC)
TRIG IN 4+ 1V 1 kHz Squarewave
o = B L)
J8
(TRIG IN} I o I |
WIZRAMS | | Varies between — 05 and — 2.0V
i as TRHG LEVEL & rdaled.
i
- - —_ e =1V
U1Z FIN 4
| s - ——— = 1BV
- — - —-0EY
U PIN 7
= P e — =18V
- - —— —aY
L PIN 3
= e =1
I
o
1 ]
L4 PN N II : - 6.0 Ve
1
: e e =Y
U4 PIN 14
— —18Y
U4 FIN 5 e s
PULSE WIDTH: H' E I? i ﬂ '1
12 na  _ABV
U4 PIN 2 M e s
PULSE WIDTH:
0 ns - = 1EY

Figura B-1B. Trigger Waveforms (TRIG or CONT)

GATE Checks: Set the contrals as shown; then take
the wavelorm measurements. Refer to igure G17.

Controls Settings
Fraguency Dial 2.0
FRED MULT 1K
MODE GEATE (FLINC]
TRIG IM + 1Y 1 kHz Squarawave

www.valuetronics.com

e — —— 4T
J8
RGN = = -V
I i
| | Waries botwean - 0.5 and =20
M2PINS | | | a5 TRIG LEVEL is rolatsd.
| | i
L A% e —10v
vizPNg |
| ' = S—1
waPiNg |
| o\ - ~18V
II I— _ . p—— -ﬂ!'ﬁ"
L PIM 3 i
I - i e =1
I
I | 1
|
U4 PIN 11 l| | I—u‘.r'u'm {ECL HIGH)
B
as
I
ULPINIE | l | =18Vaoe (ECLLOW)
o A
s E
U4 PIN & | ; : - 108 Ydo (ECL LOW)
S
i
L& PIN 2 |
l o = - =1

Figura 6-17. Trigger Wavaforms (Gala)

8.4.11 Trigger Baseline Guide

Trigger or Gate Mode Problems: Sel the controls as
showen, then take the waveform measurements. Reler
to figure G-18.

Controls Setlings

Fraguancy Dial 20

FREQ MULT 10K

SYM Qi

MODE TRIG (FUNC) or
GATE (FLING)
{Depands on symp-
tom=—=GATE (FUNC)
preferred

TRIG LEVEL Apnroximataly
centerad

TRIG IN =1 10 kHz Square
Wave

G-15



= — TV
I8
(THEG 1) o
| AT i RS SRS et ISR 1
ws PIN 12 g o = 10 ns
maicowtn I | ! T
Al A i
.. ) - —08Y
us PIN 12 '[
ML
1GATE ONLY) L T
_IL_’_ | NS "
USPIN 1T | IL I_
I I e L —i.ﬂ"-'
g -0.8Y
—_ - - i i
L5 PIN 14 i _' I_
1 i 2 " — 1BV
I
SRR
1
017 EMITTER | : | =15 & 18Vde
e
i o e TN
|
Q16 BASE i L
b R S N SEp—T
|
| | i T, -
Q19 EMITTER | | l—
il R I "
| |
I 1 |
I 1
020 EMITTER | | I
AND J -4 I +855 = 55Wdc
Q21 EMITTER | i |
1 |
E i
I |
i - + 1.0
' DoV
- 1.0

Figura 8-18. Trigger Bazaline Wavalorms

Confinuous FUNCTION Mode Problems: St the
cantrals as shown: then take the waveform
measurments. Refer to table 6-11.

Controls Settings
Freguency Dial 20
FREQ MULT 10K
SYM Off
MODE CONT [FUNC)

616
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Table 8-11. Trigger Baseline Check (Continuous)

Test Point Desired Rasulls
LIS pin 12 ; =08 = 08 Vdc
LS pin 14 | =18 = .18 Vdc
Q17 emitte: | —15 & .15 Vde
Q19 base | 426 = .26 Vdc
2159 emitier +1.T7T = A7 'u'ﬂ:q
020 emitiar +55 = 5&Vde
021 emitter +55 % A5 Vdc
13 emitier = 1.0V triangle

64.12 Sguare Shaper Guide

Sat the contrals as shown: then patiorm the checks in
table B-12 and lake wavaform meaasurements. Hefer
1o ligure 6-19

Controls Sellings

Fraguency Dial 20

FREQ MULT 1K

SYM on

MODE CONT (FUNC)

FUNCTION SeeTable 6-12 and Figs-19

Table 6-12. Sguare Shaper Checks
Dasirad Results

Test Paint | Sine or Triangle Square
022 emiier | =30 £ 3 Vdc =30 £ .3 vde
U4 pin 13 -08 £ 08Vdc | —4.1 = 43 Vde
026 base =08 = 0EVde | =42 = 42Vdc

O26emitter | —16 + 16vde | —40 = 4 Vde
CAZ24 anode | +16 + 16Vde | =15 = .15Vde

6.4.13 Sine Converlar Guide

Set the controls as shown; then perform the checks in
table €13 and take waveform measurements. Refer
to Figure G-20.

Controls Settings
Frequancy Dial 2.0
FREQ MULT 1K
SYM Off
MODE CONT (FUNC)
FUNCTION Sime



Q13 EMITTER

U4 Pl 12

022 BASE

@l BASE

Q21 COLLECTOR

G2 EMITTER

CHES ANODE

Q24 EMITTER

=18 & 18 Vde

— 08 = 08 Ydg

=12 = 12 Vo

=12 = 12 Vde

0.0 = 10 mvde

=15 % 15 Vds

+ 1.0%

= 1.0v
- 0.8Y

= 1.8

Sgman m s

.

= = =R

|__ —za

—_—— =

S — L

e —— . . S S T —— —— v ———— —

] — =03V
e e WM
J__-D.E-"I'

Figure 619, Square Shaper Wavelorms

Table 613,  Sine Converter Checks

Test Point Desired Results
Junction +14.8 + 1.5 Vdec
R170 and R171
Junction =148 + 1.5 Vdc
R173 and R174
U3 pin 2 0.0% (Full scale

currenl = 2 mh

—
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LE3 PiM 1

L PN B

L3 PN &

L3 Pika 3

L PN B

Figura 6-20. Sine Converter Wavelarms
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6.4.14 Preamplilier Guide Tabie 615. Output Amplitier Checks

DC Prablems: Sat the FUNCTION contial 1o DO then Test Point Desired Results
perform the checks i lable 814 Base i1 £ 1.2 Vde
Table 6-14. Preamplifier Checks (DC)
Test Paint | Desired Results 030 Emitter +11 = 1.1 Vde
U1 pin 2 | +14.86 = 1.5 Vdo |' -
Ut pin 3 —07 < 07 Vdc | Collector +18 = 1.9 Vde
U1 pin 13 14 + 14 Vdc 032 . zliltlm‘ + 228 £ 2.3 ¥de
= -
L pin 8 0.7 = .OF Vde . | s Ve Vae
LipnE | o 031 Emittar -113 + 1.1 Vdo
L1 pin & | 00 £ 10 mv I
U1 pin 12 | +5.8 + .58 Vde Collector | —19 = 19vde
U1 pin 11 | +66 = 65 Vde 031 | Coliector —227 + 2.3 Vdc
027 base +06 + 96 Vdc Eazo +183 £+ 1.8 Vde
Q27 emitter +103 &£ 1 Vdc Q36 Emitter +19 = 1.9 Vdc
028 collecior I +11.3 £ 1.7 Vde I Callector | 407 + 07 Vde
Function Problems: Set the controls as shown; then Qa7 | Emiftar | +0.05 + 003 Vec
take the wavelorm measurements. Refer 1o figure Collecior | +2235 = 2.3 Voc
621 | i I
Conirols Setlings 038 | Emitier +0.05 = .005 Vdc
FREQ MULT 1K | Anode | 406 = D6 Vdc
ﬂ::ne ggm . P +31 £ 3.1 Ve
FUNCTION Square |- Ouipt Bl o
034 Colleciorn +22.8 = 2.3 Vdc
S=t e —— 2 | EEH-\..— —-—I-—-— -T'E'.-Hl =+ 1-E-1Ird¢
029 BASE 039 Emitier [ =18 + 19Vd:
| s 2 — - Collecior | =005 = 005 Vdc
=, = ———— 1AV : =
- 040 Emitter | 0.05 £ 005 Vde
EMITTER | s Collecior | =21 = 21 Ve
1 i | =0, 005 Va
Figure £-21. Preamplifier Wavelorms a4 Emnines — Qi & 009 VG
CR28 Anode | ~—23 = 2.3Vdo
Q35 Base =06 £ 06 Vdc
6.4.15 Outpul Amplifier Guide I =31 2 3.1 Vdc
Sel he conirols as shown, then lake the wavelorm VRE ADJ | -213 & 21 Ve
measurements. Reler 1o table 5-15. OUT [ —28.8 + 24 Vde
Contrals Settings i . P 2 I o0 % 10 mVde
Brokjucliec i e | Pns ~0.05 = 005 Vdc

DC OFFSET o ——

6-18
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6.5 PULSE BOARD TROUBLESHOOTING
The easkest method of iscleling pulse board problems

Table 6-16. Inifial Settings

— — =

is to use the lront panel swilches. To begin, sel the Controls Settings
controts as shown in lable 6-16. I the maliunction 1S Franaqey Dial 70
prasent, go 1o figures 6-22 and 6-23. I the malfunction PULSE DELAY/ELURST RATE 101K
15 nal present, begin pressing the swilches lisisd in VERNIER | cow
tatle 617 undil the maliunciion ocours. Use the ligure PULSE HORM
ar ISJFE referenced o further iscdate arnd Solve the PULSE WIDTHIEURST WIDTH | -
protdem,
Figures 6-22 through 6-33 and tabla &19 are direclly ,M:EEHIEH ! ::xm irxnrverted
related to switch positions. Most figuras associated PULSE/ASOUARE OUTPUT o
wilh the switch positions are simplified schemalics, FREQ MULT [ oK
timing dagrams, of Woubleshooting charts sl [
The simplified schematics are provided as aids svid Extended (VERNIER
because of the complicated logic swilching of the | alscted
pulse baard. These schematics use solid-heavy ines MODE I CONT (FUNG)
o indicate signal flow, and dashed-heavy lines 10 THIG LEVEL .
indicate logic control lines. Rectangles représant cir- f
cuit bdocks, most of which are covered in ligures 634 FUNCTION PULSEBURST
through 6-44. See table 6-18 for & listing of these  DC OFFSET bution ‘ Extended [off
figures. Those blocks not covered are simple circuits CUTPUT ATTEM Al gxfended (D dB}
and are shown on the schematics in the rear of this AMPLITUDE | MAX fowh
manual e e = —
v (D (D
L
8 SIGMAL LINE i 2 1 14 WIDTH o
EMABLE atup] W ONE-SHOT QUTRUT
i 4 4
| s
Swi-ag i' i @ merss SEYNC OUT
] EGL ’
J27 )a o ﬂ--—i—rDE—b ONE.SHOT Lo, | fr—r
TRIG M conmrod ¥ £ 4 aiciiodes
(FLHE LINE
— Ay
SEaor i\
OHESHOT
INPUT TP1D \

.‘
SYNG \f;
OMESHOT ,
OUTPUT TPT i
]

WIDTH
CMESHOT
IMPUT TP

WIDTH
OHE-SHOT
QUTPUT TR1G

Figure 6-22. Pulse-norm Block and Timing Diagram

www.valuetronics.com
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Tabla 617, Pulse Board Prablem Swiltch Poasilion Table 619, PULSESQUARE DUTPUT Checks

Conirols Figure Table Paragraph Betore perlorming the following checks, set the con-
Tt e o trols as shown,
PULSE HOAM €22 and -2 ;
PULSE DLY |B-24 and 6-25 | Centrol Settings
Frequency 20
il R R | FREQ MULT 1K
SYNC DLY |5-28 and 8-29 | STM Extended [off}
FURCTION - | @a3a MODE CONT (FUNC)
! i FUNCTION M, or PULSE
PR otruis Sl o, b e | PULSE/SOUARE
MODE | | CuUTPUT Set o pasition for malk-
FUNGC:  COMT 6-22 and 623 | lunction. Ses table betow
TRIG &30 and 631 | - Switeh Pasition for |
e 2R and 62 | | Mallunction Check
BURST  COMT 6-32 and 633 | — i R
TRIG 632 and 633 | | n 22 pin 9.
FATE 632 and 533 | | | See paragraph 6.4.12
PLILAEFSCLIARE QUTPUT: | =
=5 | SWE-AB,
n J1 pin 10,
619 | Seeparagrash 6.4.12
| B0 I T i .
| 10-AJ8,
i ] ety - 11 J2 pins 9 and 10,
DUTPUT: PULSESOUARE OuT E-19 ' |  Seeparagraph 65.4.12
PUILSE SYMC OUT £18 j
WY SWT-AB,
ARCEOTEUNG.:: ) [ #B ) (trigger an SYNC OUT)|  CR13,
| U2 ping 3 4.5
Table 6-18. Circult Block Figures -
- FUMCTION- T, J2 pin 2.
Title Figure | CR12.
T Enable Block Diagram B-34 FLNCTION-PULSE J2pin 1,
T Enable Troubleshooting £as5 CR11.
OLY Enable Black Diagram E-36
DL'? Enable Troubleshaoting B-37
Fulse Oulpul Block Ciagram B-36
Pulse Outpul Troublesheoting | E-39
Synie One-Shol Troubleshooling E-40
Widih One-Shot Troubleshooling | E-41
Width One-Shool Current Source
Troubleshooting | E-d2
Width One-Shot Timing Diegram E-43
Delay One-Shot Troubleshooting | -4
EJEIH].' Dne-Shat Timing E-45

620
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EMABLE

7
EMABLE

EMABLES

DELAY
OHESHOT
OUTPUT

WIDTH
OME-SHOT
IMPUT

WIDTH
ONESHOT
QUTrMUT

SYMNC
QHESHOT
INFLUT

SYMNC

OHE-SHOT
QUTPUT

Figure 6-24.

-EW:]-.iD 10
-MII-.-*
TR
TRIGGER e
DELAY

SYNC
OME-5HOT

WIOTH
DONE-SHOT
1

®» ©®

FUILEE
QUTPUT

PULSE 5YNC OUT

= SO
o.ov
ECL TO 504k
CoN =D
YEATER
SIGHAL LINE

CONTROL LINE ssssesse=

1
TP ﬂ
I
|
TH6 rf |
TFIO
T

Pulse Dly Block and Timing Diagram
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DELAY
CHE-SHOT

ST ML
OME-SHOT
INPUT

EE'? = I — — -
ENABLE SWEE T8V
EM&BLES
SWd-B L]
Q T
' g
l T
T T -
EMABLE
SHIMAL
LIME

D
1)1
t 1

6

EYMNC
ONE-SHOT

ECL T 500
CON-

®

PULSE
CUTPUT

BULSE SYMNC OUT
+ 5.0V

J LI Loow

YERTER

DIGNAL LINE

—%)

CONTROL LINE meees==

WIDTH
OME-SHOT
IHPLT

BYNG
OHESHOT
OuUTPUT

WIDTH
ONE-SHOT
oUTPUT

Figure 6:26, Dbl Pulse Block and Timing Diagram
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T T
EMABLE l = TRIGEES @

12
- DELAY - 16 FULSE
-0 OUTPUT
EMABLES e __13_
LI PUILSE
EHFEELE iy 4 EYNC OUT
ECL TO 500
L7 GIGNAL LINE By 5 s;gﬁm OO )
" VERTER

&
3 $
SIGHAL LINE = SOy
CONTROL LINE messsaes 3 9 T Loov

DELAY
oMESHOT 01 /
OUTPLT

WIDTH
ONESHOT T ﬂ
INPUT

WIDTH
OMESHOT TP |
OUTAUT

EYHG
OMNE-BHOT
INPUT

SYHNC
OME-SHOT
QuUTPUT

elT

Figure 6-28. SYNC DLY Block and Timing Diagrams

JLEEL EH‘EEEs GRS <CRI0 E_mé . G 9
A MABLES 7
J21 >-—-—- - EMBBLES & — BLBY
FROM FUNRGTION SELECTOR (MAIN BOARD) T EnARLES 10
Ja7 - L7V :. uz 2--------.4 -
: T u3 T
31 S ENABLES N

%ATE SIGHAL LINE  ————— 11
CONTAOL LINE sesssse==

Figure 6-30. Trig (Func) Block Diagram
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e =08V

n EEL EMABLES T EMABLES 3
- ——— e e e ! 12
Ja1 L
& CR3  CR1O g 15 13
13 = ]
12

LY
O ONTIFUNGIGATEIFUNG) = G.B ENABLES

453 S puiTRiG ouT

SIGHAL LINE
CONTROL LINE s

Figure 6-34. T Enable Block Diagram.

s

CHECK Ji ARD
EWSE DN MAIN
BOARD

GHECH J3
CHECK CHECK U1 S e CHECK U3
CRACANY PING 3,8, 7 DETECTOR PENE 12, 12 14
CHECK J2 AND SWT CHECK, U7
OH WAIH BOARD PIMEE 12, 13, 18
Figure 6:35. T Enable Troublashooling
G-31
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-6V ENABLES T

11
3 % # BWI 348
GATE(BURSTY === : uz g!- SW2A  DELAY T Eng
=1.8% ¥
CONTIBURST) "yng) £g ot Oo—0 “cmmn @
T

=15 DELAY
O EMABLES | ONE-SHOT
&

1 - 0BV
ENABLE 9 -1.Bv
BIGHAL LINE ———— -7

CONTROL LINE sesmee

Figure 6-35, DLY Enable Block Diagram.

CHESH Uz
MME T, 1, 18

CHECK J2, GRA, GRJ, CHECK U2 REFER TO DHLAY
AHD 5WT GH BIASH FINE T 10, 11 CHECH SWaA OHE-SHAT FIGUAES
BOART fi-dd, fdd

Figure 637, DLY Enable Troubleshooting
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PULSEISCUARE

SOV OUT
ecetosen| [1 oigv
CON: »0
VERTER
mn
_131:: GJHT::ULLIHE mmwmzenn]
e s = | ) m—
0.8V
WIOTH SIGNAL LINE WOS I L L Sy
ONE-SHOT

(@

Figure &.38. Pulse Output Block Diagram.

CHECKE J2, CR3, CRID CHECK 112
: ! : CHECK I
AND 5WS-E ey PINS 12, 13, 14, WO

TES
{MAIR BI i L, Q75

BUILEE BOARD WORE-

CHECY W2 ING PROPEALY -
FIMS 3, 05 PROBLE®RY Oh AN
EQARD

Figure £-30. Pulse Output Troubleshooting
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CHECE LIS Pres
2 4.5
S PING 5, 4,5

YN
QNE=SHOT
PROBLEMS

GHECH U3
LATCH st NG

CAPACITORS AND Rat

YEE

CHECR L
S 12, 13, 14, 15

CHECE S
FINS 12, 13, 15

Figure 6-40. Sync One-shot Troubleshooting
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TIMING
AAMP AT VES

COLLECTOR OF
W

GHECE Lt3
PINS ¥, 11, Tl CHECK 152 CHECK L2
S PiRS 0 PINS3, 4, 5 PINS 12 13, 14, 74
W, M
w»
CHECK SW-A,
CHECH 04 THARCUGH 210
13, G, 02 AND
C11 THROUGH C18
Figure 6-41. Width One-shol Troubleshooting
o
CHECK Ftd, 15, COULBETOR
G, PR3 o, AT RO LEWELS AT = 2%,
THEM - EE. THEH

CHECH TF. H1T, A16 CHECK
A0, R21, 03, 04 WL 2, R LT

Figure 6-42. Width One-Shol Current Source Troubleshooting
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AT THE

COLLECTOR OF Qs
7

N

h

CHECHK 11
PIRIG 10, 11, 14
LI PIMS 0, 179, 14

9

CHECK Qi 05, 06 018,
o1 AND G122 C20. O, O, 02

Figurs 644, Delay One-shot Troubleshooting

CHECH U@
FiNG 12, 13 14,15
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TRIE 1 4 i I|I

T h— s 2ns (ONE GATE DELAT)

wioTH __ TP11]
ONE-SHOT g &7z
INPUT ;

|
WIDTH  Wid-an2
LATCH ' ,

i h
WIOTH  LH3.FHSN } :
LATCH i} it
QUTPUT i ;

[}

WILTH ' !

|
ONESHOT U123 !
COMPARATOR | d |
i
[ |
WIDTH I 9
onesHor VR [ E—TY
COMPARATOR - il - 2.5¥
REF . VILTAGE I Ir
I =36V
04 |
COLLECTOR : : [
. N
1210 I o
-~ 2Ev

Figure 6-43. Width One-shot Timing Diagram.
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66 TROUBLESHOOTING INDIVIDUAL
COMPONENTS

6.8.1 Transzistor

1. A transistor it defective If mare than one volt is
measurad across iis base-amiiter unclion in the
fomward direction.

2. A transistor when used as a swilch may have &
few volts reverse bias voltage across base emilier
junction,

3. I the collector and emitter voliages are tha same,
but the base emilter vollage is less than 500 mV
Iorward voltage (of reversed bias), the transistor
i5 delective.

4. A transisior = delective if 12 base current 15
larger than 10% of 13 emitter current (calculate
currenis from voltage across the base and ermitter
seres resistors),

3. Im & transistor differential pair {common emitter
slages), elither their bese volieges are the samea in
normel operating condition, or the one with k2ss
forward vollage across its bese emitter juncticn
should be off (no collector current); otherwise,
one of the iransistors is defective.

6.62 Diode

A diode {excep! a rener is defective il there is greater
than one voll (vpically 0.7 wvolt) lomward voltage
across in.

6.6.3 Operational Amplifier

1. The 4" and " —" inputs ol an operational
emplifier will have less than 15 mV vaoitage differ-
ence when operating under normal conditions.

2 When the gutput of the ampdifier is connected to
the ™ =" input (voltage follower connaction), the

www.valuetronics.com

oulpul shoubd be the same vpiiage as the "+
input voltage: olherwisa, the aperational amplifier
is defective.

I the outpul voltage stays al maximum posilive,
the "'+ inpul voftage should be more positive
than ** ="' inpul voltage, o vice versa; gihernwise,
the operational amgplifier is defective

B.8.4 FET Transistor

"

Mo gate current should be drawn by the gale of an
FET transistor. If so, the transistorn is defactive.

The gale-lo-gource wollage is ahways reverse
binsed under & normal operaling condition; e.g,,
Ihe sowrce wollage is more posilive than the gate
wvoltage for 2M5485, and the source wollage s
more negative than gate voitage for a 2hN5462
Othenwise, the FET is defective,

If the device supplying gate voltage to an FET
salurates, the FET has too large & Vgs {pinch off)
for the circuit and should be replaced.

6.6.5 Capacior

o

Shorted capachions have OV across their lerminals,

Dpensd capacitar can be locaied (bul not always)
by using & good capaciior connected i paralial
wiih the capacitor under tast and observing the
resulling effect.

Leaky capacitors will ofien hawve a decreased voli-
age across their terminals

6.6.6 Digital ECL ICs

The cevice Is operating correcily if the autput high
state s — 0.81 o - 0.96V and low stale s — 1,65
1o —1.85V.

The input must show the same two levels as in
step 1.



7.1 DRAWINGS

The following assembly drawings, {with paris lists) and
schematics are in the arrangement shown bélow

7.2 ERRATA

Undar Wavelsk's produc! improvemeni program, he
latest elecironic designs and circults ane incorparaled
invto each Wavetek instrumeni as quickly as developmen]
and testing permil. Because of the time needed 10 COM-
pose and print instruction manwals, it s not always
possinle 1oanclude the most recent changes in the initial
printing. Whanever thig occurs, anerrsia is prepared 1o

DRAWING

Instrument Schematic
Instrument Paris List
Chassis Assambly
Chassls Farts Lists

Genaralor Board Schematic
Generator Board Assembly
Generatar Board Paris List
GEenarator Board Switch Assembly
Generator Board Switch Parts List

Pulse Board Schematic

Pulse Board Asserminly

Pulge Board Faris List

Pulse Board Swilch Assambly
Pulze Board Swilch Parts List

Rear Panel Assembly
Hear Panel Paris List

Front Fanal Assemibly
From Panel Parts List
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SECTION
PARTS LIST AND SCHEMATICS

summarlze the changes made and is insartedin the ship-
ping carton with this manual. It no errata exists, (he
manual Is correct as prinded.

7.2 ORDERING PARTS

When ordering spare parls, phease specify part numbar,
clrcuit relerence, board, serial number of wnit and the
function performed.

NOTE

An assembly drawing number is nof
necessarily the assembly parf number.
However, the assembly parts list number is
the assembly parf nunber.

DRAWING NUMBER

0004-00-01 81
1000-00-01 81
0102400-0851
11071 000554

0103-00-2826
1100-00-2826
1100-00-2029
0102-00-0953
1 202-00-0553

103-00-0345
1100-00-0344
1100-00-0346
01 02-00-0966
1202-00-096G6

01024000952
1101000852

0102-00-0581
1107 -00-0EET
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