6.1 FACTORY REPAIR

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

6.2 TROUBLESHOOTING CHARTS

Troubleshooting charts are given in figures 6-1 thru 6-9.
The charts do not cover every possible trouble, but will be
an aid in systematically isolating faulty components.

Figure 6-1. Initial Checks, Generator Board

Figure 6-2. Generator Loop Checks, Generator Board
Figure 6-3. VCG Checks, Generator Board

Figure 6-4. Generator Output Checks

Figure 6-5. Trigger and Gate Mode Checks, Trig/Pulse Board
Figure 6-6. Power Supply Checks, Trig/Pulse Board

Figure 6-7. Generator Input and Output Checks

Figure 6-8. Pulse Mode Checks, Trig/Pulse Board

Figure 6-9. Pulse Generator Checks, Trig/Pulse Board

6.3 TROUBLESHOOTING INDIVIDUAL COMPONENTS
6.3.1  Transistor

1. A transistor is defective if more than one volt is mea-
sured across its base emitter junction in the forward
direction.

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

3. If the collector and emitter voltages are the same, but
the base emitter voltage is less than 500 mV forward
voltage (or reversed bias), the transistor is defective.

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

SECTION
TROUBLESHOOTING

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

6.3.2 Diode

1. A diode is defective if there is greater than one volt
(typically 0.7 volt) forward voltage across it.

6.3.3  Operational Amplifier (e.g., 741, 1458)

1. The "+ and =" inputs of an operational amplifier
will have less than 15 mV voltage difference when
operating under normal conditions.

2. When the output of the amplifier is connected to the
“—' input (voltage follower connection), the output
should be the same voltage as the “+’ input voltage,
otherwise, the operational amplifier is defective.

6.3.4  Capacitor

1. Shorted capacitors have zero volts across their termi-
nals.

2. Opened capacitor can be located (but not always) by

using a good capacitor connected in parallel with the
capacitor under test and observing the resulting effect.

6.3.5 Digital TTL IC’s (e.g. 7400 Series)

1. The device is operating correctly if the output high
state is > +2.4V and low state is < +0.5V.

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

If the levels are between +0.8V and +2.0V, the con-
nection to the driving circuit output is open.
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GENERATOR LOOP

PLACE ALL CON-
TROLS IN INITIAL*
POSITIONS

+1.25V

)

YES
2 kHz TRIANGLE
AT TP2
?

P1-9 +24 Vdc
P1-8 —24 Vdc NO

< P1-7 —15 Vde

P16 +15 Vdc

S

APPROX +10 Vde  no

< AT Q4 & —10 Vde

J

AT Q6 EMITTERS®
?
YES

VOLTAGE AT
WIPER SW1-F NO

)

CHECK
TRIANGLE AMPL

< (GN WIRE) THE
SAME AS AT TP2

?
YES

APPROX 2 Vdc
AT COLLECTOR NO

Q8- Q12 CIRCUIT

CHECK
HYSTERESIS

< Q15 & OPPOSITE
INPOLARITY TO
THAT AT TP2?
YES

VOLTAGE AT
EMITTERS Q13 & Q14 pNoO

SWITCH IC9 &
Q15-Q17 CIRCUIT

CHECK

< THE SAME AS AT
COLLECTOR Q15
?

N~
*NORMAL/DOUBLE/DELAY SWITCH TO NORMAL, FREQ VERNIER TO CAL,
DIALTO 2.0, ALLOTHERS TO 12 O'CLOCK
**A NEGATIVE VOLTAGE HERE STOPS GENERATOR FOR TRIGGERED
OPERATION
***USE SCOPE AND HIGH IMPEDANCE PROBE

INTEGRATOR Q13
& Q14 CIRCUITS
& DIODES CR6 - CR9

CR26

Figure 6-2. Generator Loop Checks, Generator Board
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GENERATOR OUTPUT
DISTORTED, CLIPPED, OFFSET,

[

A
PLACE ATTENUA-
TION VERNIER
CCW, DC OFFSET
OFF & ALLOTHER
CONTROLS IN INI-
TIAL* POSITIONS

[=>

CHECK
OUTPUT ATTEN,
FUNCTION OUT
BNC WIRING, EX-
TERNAL CABLE &

TERMINATION

at
P19 +24 Vdc
P18 --24 Vdc NO
< P17 —15 Vdc >———D
P16 +15 Vdc

?

YES CHECK
RIANGLE BUFFER

GOOD AT TP2,
BAD AT TP3

ALL FUNCTIONS
GOOD AT WIPER NO
< SW4.C (WHT/ORN
WIRE) WHEN SW4
ROTATED ?
YES

REMOVE
WHT/ORN WIRE

ALL FONCTIONS
GOOD AT JUNCTION  NO

CHECK
FUNCTION
SELECTOR

CIRCUIT

STILL BAD
?

<R271 & R185 WHEN
SW4 ROTATED
?

TYES

TURN ATTEN
VERNIER CW

CHECK
PREAMP CIRCUIT

CHECK

ALL FUNCTIONS
< YES £ GOOD AT JUNCTION No
R224 & R226

? *NORMAL/DOUBLE/DELAY SWITCH TO NORMAL, FREQ VERNIER

N

Figure 6-4. Generator Output Checks, Generator Board

P»IOUTPUT AMPLIFIER]

TO CAL, DIALTO 2.0, ALL OTHERS TO 12 O’'CLOCK




N
IC2-8 MOMENTARILY

CONTINUED GOES LOWWHEN _ no CHECK
FROM MAN TRIG IS >—> €28, 1C2,1C3
PREVIOUS PAGE DEPRESSED SW1-A & SW1-B
?
wss
GO TO GATE MODE

TRIG/PULSE BOARD

GENERATOR BOARD

BASE OF Q27 GOES
ROM HIGH TO LOW_No CHECK
WHEN MAN TRIG P14 WIRING
IS DEPRESSED
2
YES

PN

GENERATOR RUNS NO GENERATOR

GO TO
DOES NOT
CONTIN:JOUSLY RUN CONT MODE

GENERATOR RUNSONLY,
< WHEN MAN TRIG
IS DEPRESSED
?

YES
/\
C71,CR18 - CR26, TRIGGERS OK;

13,024, Q26 & >N<0<TH'G WAVEFORM
TRIG AMPL OK CORRECT & BASE-
?

APPROX —0.7V
ATR172 & R173

APPROX +1.5vV
AT R172 & R173
?

LINE BAD
? o YES
vss IES
CHECK START/STOP
IC2ONTRIG/ | ygs _0° CAL >100 mv CR18 - CR25 CR18-CR26
PULSE BOARD BETWEEN 2.0 & .0 Q13 & 026, Q27 Q13, Qg?(& Q27
ON DIAL oK?
2 CHECK
NO CR26
) START/STOP '
CHECK
CR2, CR26* & TRI] EONTROL DOESN'R GROUND J%T\‘(é:"\'ODN
COMPENSATION <WORK PROPERLY BUNCT'ON Q7 & R168
CIRCUIT IC6 & Q7 ? 7 & R168
YES
HECK TRIGGER
CHECK APPROX OV CHEC GG
o ATR172 & R173 COMPENSATION
CONTROL CIRCUIT IC6 & Q7

CHECK TRIGGER
1 AMPLIFIER

Q28 - Q32

*MATCHED DIODE PAIR

Figure 6-5. Trigger and Gate Mode Checks, Trig/Pulse Board (Page 2 of 2)
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CHECK
C13,C14 & Q9

CHECK
GREEN SECONDARY,
C9, C10 & CR9 - CR12

CHECK
C15,C16 & Q10

LIFT JUMPER
BY FB5 & R69

CHECK

C5, C6, CR5 & CR6

RED SECONDARY,

CHECK
RED SECONDARY,
C7,C8,CR7 & CR8

REPLACE
JUMPER

A

CHECK
Cc17,c18 & Q11

USE OTHER
JUMPERS IN +5V
POWER LINESTO

ISOLATE PROBLEM

'

REPLACE
JUMPER

Figure 6-6. Power Supply Checks, Trig/Pulse Board (Page 2 of 2)

LIFT JUMPER
UNDER C13

CHECK
C19,C20 & Q12

CHECK
C63 & 1C8

69




CHECK
GCV AMPLIFIER
ON GENERATOR

BOARD & E6 & E7

WIRING TO J10

PN
GENERATOR v
FREQ OPERATES ES
GCV OUT BAD PROPERLY > P
?
NO

N
FUNCTION OUT
OUTPUT NORMAL YES

WITHOUT EXT DC >————————— P>

OFFSET INPUT
?

EXT DC OFFSET
INPUT BAD

CHECK
E26 & E27
WIRING TO C83
J9 & R183

NO

Figure 6-7. Generator Input and Output Checks (Page 2 of 2)
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NEG

PULSE AT

FUNCTION OUT
?

YES

[>—

CHECK
PULSE DISABLE FROM E39
ON TRIG/PULSE TO E21 ON
GENERATOR; A LOW DIS-
ABLES PULSE FUNCTIONS;
CHECK SW4-A

CONNECT SYNC OUT
TO EXT SYNC OF SCOPE

SET PULSE MODE
TO DELAYED

10 ms PULSE
DELAYED APPROX

SET PULSE MODE

PULSE SELECT STAYS LOW
CHECK
1C9, R44, SW4-B ON GENER-
ATOR & WIRING FROM E23
ON GENERATOR TO E34
ON TRIG/PULSE

REDUCE PULSE
WIDTH VARIABLE

10 ms FROM TO DOUBLE TO 120°CLOCK; LENT DOUBLE PULSE
"‘;NC SET PULSE DELAY DISPLAY IS OBTAINED
S ) VARIABLE TO CW ON EACH RANGE, PULSE
7 MODE IS OK
Figure 6-8. Pulse Mode Checks, Trig/Pulse Board (Page 2 of 2)

COMPLETE PULSE
RANGE CHECKS IN
TABLE 6-1. IF EQUIVA-

Table 6-1. Pulse Ranges

Pulse Width Ranging Components Pulse Delay Ranging Components Pulse Period Scope Horizontal

OFF IC5, SW3-A NA NA NA NA

25ns 1100 ns | C55,Q19,Q20,SW3-B | 50ns1 100ns | C40,Q16, Q17, SW2-B >0.5us 0.05 ps/div

100 ns 1 1 us C56, CR29, CR30 100 ns I 1 us C41, CR19, CR20 >5 us 0.5 us/div

1 us 110 us C57, CR31, CR32 1us 110 us C42, CR21, CR22 > 50 us 5 us/div

10us 1 100 us | C58, CR33, CR34 10us 1 100us | C43,CR23, CR24 >0.5ms 50 ps/div

100 us 1 1 ms C59, CR35, CR36 100 us 11 ms C44, CR25, CR26 >5ms 0.5 ms/div

100us 1 1 ms C59, CR35, CR36 1ms 1 10mst | C45, CR27, CR28 >5ms 0.5 ms/div
gn IC4 - IC6, SW3-A NA NA 0.5 ms 0.5 ms/div

tRotate PULSE DELAY VERNIER ccw for proper display
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| SET GENERATOR MODE
TO NORMAL

DELAYED
PULSE GOES
AWAY
?

NO CHECK

IC4 & SW5

SET GENERATOR MODE
TO DELAYED

NORMAL
PULSE GOES AWAY; _ NO

< DELAYEDPULS >————> CHECK
LSE IC13 & SW5

COMES BACK

?
\\Iiés

SET GENERATOR MODE
TO DOUBLE

~ 50 ns WIDE;
SECOND DELAYED
~110 ns FROM

CHECK
1C12,1C13,& Q19 - Q21
PULSE WIDTH ONE-SHOT

PULSES

1IC14-8 &
NEG PULSES
IC7-6 ?

NO CHECK
»| IC6,1C7, 1C9, IC14
& SHORTED COAX

YES

GO THRU
FIGURE 6-8
TO VERIFY ALL
PULSE FUNCTIONS

Figure 6-9. Pulse Generator Checks, Trig/Pulse Board (Page 2 of 2)







PULSE GENERATOR
BAD

PLACE ALL CONTROLS
IN INITIAL POSITIONS,
EXCEPT PERIOD AT
0.5 X 1 us, PULSE WIDTH
AT 25 ns | 100 ns, PULSE
WIDTH VARIABLE AT
12 O'CLOCK, PULSE
MODE AT DOUBLE, PULSE
DELAY AT 50 ns 1 100 ns,
VARIABLE AT CW*

CONNECT SYNC OUT
TO FAST SCOPE;
USE HIGH IMPEDANCE
P X 10 PROBE TO CHECK
WAVEFORMS, SYNC
SCOPE ON NEGATIVE
(TRAILING) EDGE

TTL

SQUARE

AT IC4-12
?

POS
PULSE

AT IC4-8
?

NO

POS
PULSE
AT IC4-3
?

NEG

CHECK
GENERATOR OR
EXT SOURCE,
P1-1 WIRING

CHECK
IC3, IC4 & +5V SUPPLY

NO CHECK

1C4,1C5, R1 (SIP), SW3-A & SW5

y

PULSE
WITH APPROX
110 ns DELAY

:NO

CHECK
PULSE DELAY ONE-SHOT
1C10, 1IC11 & Q16 - Q18

CHECK
1IC4 & 1C10

FROM SYNC
AT IC11-8 ?

CHECK
IC5,1C13,R1, SW3-A & SW5

DOUBLE

POSPULSES

ATIC136
?

Figure 6-9. Pulse G

CHECK
IC12 & IC13

*IF GENERATOR BOARD IS REMOVED, APPROX 1 MHz TTL MAY BE CON-
NECTED FROM AN EXTERNAL SOURCE TO P1-1 (SYNC) AND P1-2 (COM)

enerator Checks, Trig/Pulse Board (Page 1 of 2)
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PLACE ALL CON-
TROLS IN INITIAL
POSITIONS*

PULSE MODE
INITIAL CHECKS

1 kHz
SQUARE AT
FUNCTION
ouT

RETURN TO GEN-
ERATOR MODE
INITIAL CHECKS,
FIGURE 6-1

SET FUNCTION
TO PULSE

?

COAX

E40 & E41

TO J6 OK
?

(APPROX 10 Lis)
ATTTL
?

CHECK
COAX E42 & E43TO J5,I1C7 & IC9

CHECK
COAX E44 & E47TO J4, IC8 & —5.2V SUPPLY

CHECK
COAX E45 & E46 TO J3 & IC8

POS
PULSE AT

FUNCTION OUT
?

E21 ON
GENERATOR
HIGH
?

PULSE SELECT STAYS HIGH
CHECK
1C9, R44, SW4-B ON GENER-
ATOR & WIRING FROM E23
ON GENERATOR TO E34
ON TRIG/PULSE

SET FUNCTION
TO PUTSE

CHECK
COAX E37 & E38 ON
TRIG/PULSE TOE24 &
E25 ON GENERATOR,
IC9 & IC14 TRIG/PULSE,
PULSE AMPLIFIER Q25 &
SW4-E ON GENERATOR

*NORMAL/DOUBLE/DELAY SWITCH TO NORMAL, FREQ VERNIER
TOCAL,DIALTO 2.0, ALLOTHERS TO 120'CLOCK

Figure 6-8. Pulse Mode Checks, Trig/Pulse Board (Page 1 of 2)
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SYNC OUT BAD SYNC OUT OK

YES

SET GENERATOR
TO2.0X 1 MHz
IN CONT MODE

APPROX 30 ns
—><OSITIVE TTLPULSE
AT SYNC OUT

\7/

NO

<

CHECK
COAX FROM
E30 & E31 TO J7
SYNC OUT BNC

YES

SET GENERATOR
TO TRIG ORGATE
MODE, TRIG SIGNAL
BETWEEN 1 & 10V
PEAK AMPLITUDE;
FREQ APPROX 1/10
GENERATOR FREQ

:] YES :

TRIG IN BAD

BN

P
GENERATOR FREQ
FOLLOWS DIAL YES
WITHOUT VCG IN >_7[ "<
INPUT
?.

VCG IN BAD

NO

30 ns POSITIVE
PULSE AT IC48
ON TRIG/PULSE
BOARD
?

YES

30 ns POSITIVE

PULSE AT IC7-8

ON TRIG/PULSE
BOARD

2

P
GENERA-
TOR TRIGGERS
BY ROTATING
TRIGGER
LEVEL ?

NO

TRIG SIGNAL
APPEARS AT E17
ON TRIG/PULSE

BOARD

N>

N
EXPECTED FREQ
(SUM OF VCG IN
& DIAL SETTING)
EXCEEDS LIMITS
OF FREQ RANGE

?

YES

SYNC

CHECK
AMPLIFIER ON

GENERATOR BOARD

NO CHECK
>——p| Ic3IC4&PI
WIRING
NO CHECK
> > IC6 & IC7
YES
>——> TRIG OK
NO CHECK
>— | E17& EI8 WIRING
TOJ2
CHECK
NO WIRING FROM
>———P JITOEI&E2
ON GENERATOR
BOARD & R1

CHOOSE A RANGE
THAT INCLUDES

FREQUENCIES TO
BE REACHED, NOT
EXCEEDING 1000:1

e

Figure 6-7. Generator Input and Output Checks (Page 1 of 2)
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REGULATED POWER
SUPPLIES

COMMON
VOLTAGE SELEC-
TOR MATCHES LINE_ o
< VOLTAGE (PC BD | CORRECTIT
UNDER FUSE)
?

YES

YES STILL

< REPLACE FUSE

*BEFORE MAKING THIS MEASUREMENT, REMOVE ANY CONNECTIONS
BETWEEN THIS INSTRUMENT AND ANY OTHERS WHICH USE EARTH

AN OPEN CIRCUIT  ygg

ISBETWEENCIRCUIT > |

COMMON & EARTH*
?

Yno

REMOVE P1 FROM FORMER & PRI-

J1 ON GENERATOR
BOARD MARY WIRING,
POWER SWITCH

GENERATOR BOARD
LOADING SUPPLIES
DOWN; LABELED

”
BAD
?
PN N
A SHORT IS
YES ACROSS LINE OR NO
ToeARTHAT <
LINE CONNECTOR
NO Yves
CHECK TRANS- CHECK TRANSFORM-

ER SECONDARY &
WIRING, INSULATORS
UNDER REGULATORS
& PASS TRANSISTORS,
PINCHED CHASSIS WIR-
ING, SHORT BETWEEN

J1 & RECEPTACLE

SHIELD

JUMPERS PROVIDED
TO AID IN TROUBLE-
SHOOTING

REPLACE P1

CHECK
BLUE SECONDARY,
1C3,C4,CR3,CR4& Q4

CHECK
BLUE SECONDARY,
1,C2,CR1,CR2& Q2

CHECK
1C1,Q3, Q4,
Q7 & Q8 CIRCUITS

Figure 6-6. Power Supply Checks, Trig/Pulse Board (Page 1 of 2)

v

CHECK
IC1,Q1,Q2,
Q5 & Q6 CIRCUITS

STILL
BAD




GENERATOR MODE CHECK

e

[

CHECK
IC2, IC3, SW1-A
& SW4

NO

1kHz
TTL SIGNAL
AT IC2-11
?

YES

GO TO GATE MODE

1C2-8 GOES

FROM HIGHTO LOW  NO

GO TO CONT MODE (-

PLACE GENERATOR
MODE TO GATE
(NO TRIG IN INPUT)
& ALL OTHER CON-
TROLS IN INITIAL*

YES

YES

POSITIONS
|

SET TRIG LEVEL
FROMCCWTOCW_  NO CHECK
< OF CENTER; IC3:1 >—————| TRIG SQUARER
GOES FROM HIGH CIRCUIT
TO'LOW ?
YES
1c3-8 GOES
FROM HIGH TO LOW
AS TRIG LEVEL IS
OPERATED OR AS
MAN TRIG** IS
DEPRESSED ?
YES
SAME NO CHECK
AT IC2-10 SWi.B
?
CHECK
GENERA- YES YNC AMPL ON GEN-
TOR RUNNING ERATOR BOARD
? P1-1 WIRING
NO
1c28 NO CHECK
Low P c2aswis
?
CHECK

< WHENMAN TRIG >—————————p |C2 & TRIG AMPL ON

DEPRESSED
?

Yo

GO TO TRIG MODE

CONTINUED

GENERATOR BOARD

REMOVEP1TO
ISOLATE PROBLEM

*NORMAL/DOUBLE/DELAY SWITCH TO NORMAL, FREQ VERNIER TO CAL,

DIALTO 2.0, ALLOTHERSTO 120'CLOCK

**RETURN TRIG LEVEL CCW TO OPERATE MANUAL TRIGGER

Figure 6-6. Trigger and Gate Mode Checks, Trig/Pulse Board (Page 1 of 2)




VCG CHECK

PLACE ALL CON-
TROLS IN INITIAL*

[ D>—

CHECK
CR6 - CR9 & CR26
INTEGRATOR
CIRCUITS

YES

POSITIONS

REMOVE ANY
INPUTS TO
VCG IN BNC

+15Vde TO APPROX

+150 mVdc ATE4AS__ NO

< DIAL IS ROTATED > >

FROM 2.0 TO .02

CHECK
DIAL & E3 -E5
WIRING

?
IYES

0 Vdc 35 mV NO
AT IC1-2 AS DIAL>—>
IS ROTATED**

?

CHECK
IC1 CIRCUIT

)\/vss

=5TO~0Vde
AT IC1-6 ASDIAL
IS ROTATED

NO

< >

CHECK
IC1 CIRCUIT

FROM 2.0 TO .02
?
YES

+10 TO +14.95 Vdc

AT IC4-3 AS DIAL IS
< ROTATED FROM >————>

2.0TO0 .02

CHECK
1C2,Q1 & Q2
CIRCUITS

?
YES

—10 TO —14.95 Vdc

AT IC5-3 ASDIAL IS NO

A

< ROTATED FROM
2070 .02
?

+10 TO +14.85 Vdc

AT EMITTER Q4 AS NO

< DIAL IS ROTATED >—————— P

FROM 2.0 TO .02

CHECK
1C4,Q3 & Q4
CIRCUITS

?
YES

—10 TO —-14.95 Vdc

AT EMITTER Q6 AS NO
DIAL IS ROTATED

FROM 2.0 TO .02

CHECK
I1C5, Q5 & Q6
CIRCUITS

?
~

*NORMAL/DOUBLE/DELAY SWITCH TO NORMAL, FREQ VERNIER TO CAL,

DIAL TO 2.0, ALLOTHERS TO 12 0'CLOCK

¥*USE SCOPE AND HIGH IMPEDANCE PROBE FOR THIS AND SUBSEQUENT

VCG MEASUREMENTS

Figure 6-3. VCG Checks, Generator Board
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FUNCTION OUT
IS BAD

PLACE ALL
CONTROLS TO
INITIAL* POSI-

TIONS

TRY EACH CONTROL IN OTHER
POSITIONS, RETURNING TO
INITIAL POSITION. IDENTIFICA-
TION OF MALFUNCTION INDI-
CATES WHICH CHART TO USE

WAVEFORMS YES
BAD OR MISSING
?
NO
FREQUENCY YES

BAD
?

‘o B,

SYMMETRY
BAD

" ED,
NO

OFFSET
BAD
?

o D,

YES TRIANGLE

PROBLEM

IN BOTTOM FOUR._ YES
< Freauency P

RANGES ONLY

CHECK
YES SINE CONVERTER
CIRCUIT OR
SW4-C
CHECK
YES CR28-31,Q17,
SW4-C, SW4-D
& SWA-E
GOOD CHECK
AVE- UV vES »{TRIANGLE BUFFER
BAD CIRCUIT
?
CHECK
CAPACITANCE
MULTIPLIER
Ic7&1C8

2
X

PROBLEM IN TRIG
< & GATE MODES

-

YES

*NORMAL/DOUBLE/DELAY SWITCH TO NORMAL, FREQ VERNIER TO CAL,
DIALTO 2.0, ALLOTHERS TO 12 0'CLOCK
**SYMMETRICAL SQUARE OR OFFSET SQUARES

Figure 6-1. Initial Checks, Generator Board
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