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WARRANTY

All Wavetek instruments are warranieed against defects in material and workmanship for
a pefiod of one year after date of manufacture. Wavetek agrees to repair or replace any
assembly or component (except batteries) found to be defective, under normal Lse, during
this period. Wavetek's gbligalion under this warranty is limited solely to repairing any
such instrument which in Wavetek's sole opinion proves 1o be defective whhin the scope
of the warranty when returned to the factory or to an authorized service center. Transpor-
tation to the factory or service center is to be prepaid by purchaser. Shipment should not
be made without prior authorization by Wavetek.

This warranty does not apply to any products repaired or altered by persons not authorized
by Wavetek, or not in accordance withinstructions furnished by Wavetek. If theinstrument
is detective as a result of misuse, improper repair, or abnormal conditions or operations,
repairs wili be billed at cost.

Wavetek assumes ne responsibility for its product being used ina hazardous or dangerous
manner either atone or in conjunction with other eguipmeni. High voltage used in some
instruments may be dangerous if misued. Special disclaimers apply to these instruments.
Wavelek assumes no liability for secondary charges or consequential damages and, in
any event, Wavetek's liability for breach of warranty under any contract or otherwise,
shall not exceed the purchase price of the specific instrument shipped and against which
a claim is made.

Any recommendations made by Wavetek for use of its products are based upon tests
believed to be reliable, but Wavetek makes no warranty of the results to be obtained. This
warranty is in lieu of all other warranties, expressed or implied, and no representative or
person is authorized to represent or assume for Wavetek any liability in connection with
the sale of bur products other than set forth herein,
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SAFETY

This instrument is wired for earth grounding via the facility power wiring. Do not
bypass earth grounding with two wire extension cords, plug adapters, etc.

BEFORE PLUGGING IN the instrument, comply with instaliation instructions.

MAINTENANCE may require power on with the instrument covers removed. This
should be done only by gualified personnel aware of the electrical hazards.

WARNING notes call attention to possible injury or death hazards in subseguent
operations.

CAUTION notes call attention to possible equipmentdamagein subsequentoperations.
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1.1 THE MODEL 148

Wavetek Model 148, 20 MHz AM/FM/PM Generator is
a precision source of sine, triangle, sguare, ramgp and
pulse waveforms plus de voltage. The wavetorms may
be controlled in symmetry as well as amplitude and dc
offset. A built-in modulation generator can modulate
freauency, phase and amplitude or modulation may
be by an external source.

The generator may be run in continuous mode or trig-
gered for a single pulse or gated for a burst of puises.
Triggering and gating may be by the Model 148 built-in
moduiation generator or by an external source. The
triggered and gated waveform start/stop paint is
selectable from —90° through + 90°. Start/siop con-
trol plus dc offset control gives haverwave capability.

The main output of waveforms may be attenuated and
offset. A TTL sync puise is available at main generator
frequencies, and the modulation generator waveforms
are available at fixed amplifudes.

Frequency of both the main generator and the
modulation generator can be manually controlled at
the front panel or edectrically conirolled by external
voltages.

1.2 SPECIFICATIONS
1.2.1 Main Generator

1211 Waveforms

Selectable sine " , triangle "V |, square 'L |
positive square 11 , negative square 1r anddc. A
TTL sync pulse is provided on a separate output con-
nector. All can be produced with variable symmetry,
amplitude and dc offset.

1.21.2  QOperational Modes

Continuous: Generator oscillates continuously at the
selected frequency.

ManualsPlus.com

SECTION 1
GENERAL DESCRIPTION

External Trigger: Generator is quiescent uniil trig-
gered by an extemnal signal, then generaies one cyGie
at the selected frequency.

External Gate: Same as external trigger, except gen-
erator oscillaies at the selected frequency for the
duraticn of the positive siate of the axternal signal
plus the time to complete the last cycle,

Internal Trigger: Same as external frigger, except that
the modulation generator is internally connected to
the trigger input of the main generator.

Internal Gate; Same as external gate, except that the
modulation generator is internally connected to the
trigger input of the main generator.

1.213 Modulation Modes

Internal Modulation

Setting a front panel modulation switch in the INT
position routes the selected modulation function from
the modulation amplitude control to the selecied mog-
ulating circuits of the main generator,

Amplitude Modulation (AMY: v . Ay, 'L modu-
lation functions are used in this internal modulation
mode. With modulation amplitude cow, carrier at
function output is not amplitude modulated and ap-
proximately haii of normal (AW OFF} amplitude.
Clockwise ratation of modulation amplitude results in
increasing amplitude modulation of the carrier to at
least 100% AM.

Freguency Medulation (FM) and Sweep: 11 and
M. modulation functions are used to liinearly
sweep the main generator frequency. The frequency
dial seis the tower sweep limit and the modulation
amplitude control determines the upper frequency
limit (not to exceed 2.0 X mulliplier). A sweep set
mode allows precision setting of upper frequency
limit. For frequency deviation, the dial determines the
center frequency and modulater N, , v or Tl
varies the main generaior frequency above and below

11



center by an amount determired by the modulation
_amplitude.

Phase Modulation (PM}. As in External Madulation.
Amplitude of modulator ~, , ~, , Ty functions
varies phase up to = 50°.

External Modulation

A BNC feeds an external signal to the modulating cir-
cuits when selected by a front panel modulation tog-
gle switch in the EXT position.

Amplitude Modulation {AM). External moduiating
signals with zero d¢ component produce suppressed
carrier modulation; i.e., a carrier (at main generator
function output) amplitude of zero. The funclion out-
put modulated signal has an amplitude sensitivity of
3 volts peak (1.5 Vp into 50@) per volt pezk in. A cat-
rier signal level at the function gutput can be pro-
duced at a sensitivity of 3 Vp (1.5 Vpinto 508 per 1 Vp
de component in. Modulating the dc component mog-
ulates the carrier level. Percent modulation (AM} will
be the ratio of the peak ac to peak de of the modulating
signal. Inpui impedance is > 2.5 kf.

Freguency Moduiation {(FM) and Sweep: Sensitivily is
20% of frequency rangefvolt peak. Linear behavior
results only when all instantansous frequencies call-
ed for falt within the frequency range (2 X multiplier
to 0.002 x multiplier). The instantaneous frequency
called for is the muitiplier and dial setting altered by
the instantaneous voltage at the modulation input. In-
put impedance is 5 ki,

Phase Modulation (PM): Sensitivity is 10° phase shiftf
voit peak. Linear behavior results only when all instan-
taneous transition frequencies called for fall within
the frequency range (2 X multiplier t0 0.062 X mufti-
plier).The instantaneous frequencies cailed for will
depend heavily on the modulation frequency and
waveform. Inoperative at frequency multiplier settings
below 100. Input frequencies roll off al & dBloctave
above one half of full range freguency and above
150 kHz. Input impedance is 10 k.

1.21.4  Frequency Range
0.0002 Hz 10 20 MHz in 10 overlapping ranges with
approximately 1% vernier control.
1.2.1.5  Functien Output (500)

v s and "L selectable and variable to 30V p-p
(16V ppinto 508). . and v upto15Vp(7.5Vp
into 500). All waveforms and dc can supply 150 ma

1.2
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peak current and may be attenuated to 80 dB in 20 dB
steps. An additional 20 dB vernier alsc controls the
waveiorm amplitudes.

1.2.1.6  Adjustable Waveform Start/Stop Point
Approximately —90° to + 90° to 2 MHz {operative on
sine and triangle waveforms only},

1.2.1.7 DC Output and DC Offset

Selectable through function output (500). Controlled
by front panel controls between + 15 Vdc (+ 7.5 Vde
into 5082} with signal peak plus offset limited to
+15Vde (£7.5 Vde into 50Q). DC offset and wave-
form attenuated proportionately by the 80 dB output
attenuator.
1.2.1.8  External Modulation Input

AM: Sensitivity of 3 Vp outfVp (1.5V into 50R). Input
impedance is >2.5 k2. )

FM: Sensitivity of 20% of frequency range/Vp. Input
impedance is 5 k.

PM:  Sensitivity of 10° phase shift/Vp. Input im-
pedance is 10 k.

1.21.9  Symmetry

Symmetry of all waveform outputs is continuously ad-
fustable from 1:19 to 18:1. Varying symmetry provides

variable duty-cycle pulses, sawtooth ramps and non-
gymmetrical sine waves.

NOTE

When SYMMETRY contro! is used, in-
dicated frequency is divided by approx-
imately 10

1.21.10 Sync Cutput (TTL)

TTL tevel pulse which will drive 10 TTL ipads. Fre-
guency and time symmetry are the same as for func-
tion output.

1.2.1.11 Trigger and Gate

Input Range: 1V pp (o + 10V.
Input Impedance: 10 ki, 33 pF.
Pulse Width: 25 ns minimum.
Repetition Rate: 10 MHz maximum.

Adjustable triggeredg signal start/stop point: approxi-
mately —90° to +80° 1o 2 MHz.



1.2.1.12 Frequency Precision

Dial Accuracy

+{1% of setiing + 1% of full range) on X100 thru
x 1M ranges.

={2% of setling + 2% of full range} on x.01 thru
x 10 and X 10M ranges.

Time Symmetry

+0.5% on X100 thru X 100k ranges and from 0.2 o
2.0 on dial.
+ 5% on ali other ranges and from 0.02 to 2.0 on dial.

1.2.1.13 Amplitude Precision

Amplitude Change With Frequency

Sine variation less than:

+0.1 dB thru x 100k ranges:
+ 0.5 dB on x 1M range;
+3dB on X 10M range.

Step Attenuator Accuracy
+ 0.3 dB per 20 dB step at 2 kHz.

1.2.1.14 Waveform Characteristics

Sine Distortion

<0.5% on X100 Hz to x10 kHz.

<1.0% on x.01to x10 Hz and X100 kHz ranges.
All harmonics 30 dB below fundamental on X1 MHz
range.

All harmonics 26 dB below fundamental on X 10 MHz
range,

Square Wave Rise/Fall Times
At FUNCTION QUT <25 nsfor 15V ppintoa 500 load.

Trangie Distoriion
Cdd harmonics within 15% of correct value to 2 MHz.

1.2.2 Modulation Generator

1.2.21  Waveforms
Selectable sine ™\ | triangle ™ | square gt . up
ramp 11 and down ramp M .

1.2.2.2 Frequency Range

oo™, "L 0.1 Hz 1o 100 kHz in three 100:1
ranges.
A NS Sweep: 0.2 Hzto 200kHz {2 x setting).
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1.22.3 Output (6000)

oo v oand "L arefixed level 10V p-p balanced
about ground. ~l-1and ™I are fixed level 5 Vp
from Q to +5V.

1.2.2.4  Frequency Modulation (FM IN)

Voltage control of moculator frequency with sensitivity
of 20% of range per voli. Input impedance is 5 kil

1.2.2.5 wavetorm Characierisiics

Sine Distortion
< 5%.

Time Symmetry

< 1% from 1 Hz to 10 kHz.
< 5% from 0.1 Hz {0 100 kHz.

1.23 General

1.2.3.1  Stability {tor amplitude, dc ofiset and

frequency)

Short Term: +0.05% for 10 minutes.
Long Term: +0.25% for 24 hours.

1.2.3.2 Environmental

Specifications apply at 25°C + 5°C ambient. Instrument
will operate from 0°C o 50°C ambient temperatures,

1.2.3.3

286 cm (114 in) wide; 13.3cm(5% in.)high; 27.3¢cm
{10% in.) deep.

Dimensions

1.2.34 Weight

5 kg {11 Ib} net; 6.6 kg (14V% Ib) shipping.

1.2.3.5 Power

S0 to 105V, 108 to 126V, 198 t0 231V and 216 1o 252V
selectable; 48 to 400 Hz; less than 40 watts,

NOTE

Unless otherwise noted, all specifications
aoply from 0.1 to 2.0 on frequency dial
when FUNCTION QUT is at maximum and
500 terminated. with SYMMETRY controf
at OFF. Symmetry and vernier affect fre-
quency cafibration. Maximum possible
asymmetry is a {function of frequency
setfing.

1-3



21 MECHANICAL INSTALLATION

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

22 EILECTRICAL INSTALLATION
2.21 Power Connectlon
NOTE

Unless otherwise specified at the time of
purchase, this instrument was shipped
from the facfory with the power trans-

" former connected for cperation cna 120 Vac
line supply and with a ¥z amp lusge.

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

Figure 2-1. Voltage Selector and Fuse

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

2. Remove the small printed circuit board and
select operating voltage by orienting the printed
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INITIAL PREPARATION

¢ireuit beard to position the desired voltage to
the top left side. Push the board firmly into its
module slot.

3, HRotate the fuse-pult back into the normal posi-

tion and insert the correct fuse into the fuse
holder. Close the cover door.

4. Connect the ac line cord to the mating connec-

tor at the rear of the unit and the power source.

Card Posltion Input Vac Fuse
100 80 tc 105 % amp
120 108 to 126 e amp
220 168 to 231 Y4 amp
240 216 to 252 Y% amp

222 Slgnal Connectlons

iUse RGS8U 80 coaxial cabies equipped with BN
connectors to distribute signats when connecting this
instrument to associated equipmeant.

23 ELECTRICAL ACCEPTANCE CHECKOUT

This checkout procedure verifies the generator opera-
tion. If a malfunction is found, refer t¢ the Warranty in
the front of this manual. A dual trace, 150 MHz band-
width oscilloscope with X 10 time base magnification,
a 5002 ioad, a coaxial tee and three 50Q cables are re-
quired to perform this checkout.

Set up as in figure 2-2 and preset the generator front
panei contrels as follows.

21
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Control Position

Frequency Dial .. ....... . ... ... ... ... 20

FREQ MULT (bottom row of switches) .. .. . 10K

VERNIER ... cw

SYMMETRY . .. OFF

DCOFFSET OFF

FUNCTION (bottom row of switches) .. ... .. .. ar

TRIGSTARTISTOP ... . ... ... .. ... .. .. 0° CAL

ATTENUATION ... .. . . . .. ..., 2010 OSCILLOSCOPE

AMPLITUDE . oW

FREQ/PERICD MULT . . . .. 1011K

FREQ/PERICD VARIABLE . ... ... . ... .. ow MODEL 148

FUNCTION {modulation generatory .. ... .. ... N

MODAMPLITUDE . ... ... ..... .. ... cow

MODULATION Switches ... .. .. ... ... .. ... OFF

Mode SWiteh . ... CONT % |FUNCTION !

TRIGGERLEVEL ... ... .. ... . . .. 10 o'clock out l

POWER .. . ON 500
LOAD

Perform the steps in table 2-1. Only approximate

values are required to verify operation. Figure 2-2. Initial Setup

Tabie 2-1. Initial Checkout

Siep Control Position/Operation Observation
1 | FUNCTION Rotate to all positions. Return| v, v 'L are18¥pp; n . v are
' to v o 7.5 Vp. DC is OV.
2 |ATTENUATION Rotate cow. Return to 2010, Waveform amplitude is successively15,1.5,0.15
and 0.015V p-p.
3 | AMPLITUDE Rotate cew. Return 10 12 o'clock. | Cow decreases amplitude,
4 1DC OFFSET Rotate cw. Return to QFF. Ccw of 0 gives negative offset, cw of 0 gives

positive ofiset. Clipping occurs when offset +
wavetform peak amplilude exceeds =7.5V.
OVERLOAD LED lights when clipping occurs.

5 |SYMMETRY Rotate cw. Return to OFF. Frequency decreases to 2 kHz, Ccw of control
midpoint gives 1:19; cw gives 19:1.

& |FREQ MULT Rotate to all positions. Returnio 10K, | Frequency is 2 X each setting.

7 | FREQ VERNIER Rotate cow. Return cw. Frequency decreases slightly when turned cow

(~ 1% of range}.

Setupthegenerator asinfigure 2-3. Triggeron channel 2 and observe channe! 2(IMODULATION GENERATOROUT},

8 |MODULATION Rotate to all positions. Returni ™ v |, 'L are 10V pp; ~11 | INPN give
GENERATOR to v oL 2 kHz, 5 Vp ramp; SWP SET gives 5 Vdc.
FUNCTION

2-2
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Table 2-1. Initial Checkout {(Continued)

Step Control Position/Operation Observation
9 | FREQ/PERIOD Rotate to alt positions. Return to| Frequency is approximately the value io the
MULT 101K, right of the detent mari.
10 | FREQIPERIOD Rotate cew. Refurn to 12 o'clock.| Frequency decreases to approximately 10 Hz
VARIABLE when full cow,

Observe both channels,

11

12

13

N

15

16

17

Mode INT GATE.

TRIGGER LEVEL

Mode EXT GATE.

Mode INT TRIG.

TRIGGER LEVEL

TRIG STARTISTOP

Mode EXT TRIG.

Set up the generator as in figure 2-4.

18

19

20

21

22

23

24

25

Mode CONT.
AM INT.
MOD AMPLITUDE | Rotate throughout its range.

AM EXT: return to OFF.

FM/SWP INT.

MOD AMPLITUDE i Rotate throughout its range.

FM EXT; refurn to OFF.

FREGQ MULT 100.

Rotate throughout its range.

Rotate throughout ifs range.

Rotate throughoui its range.

The pumber of waveform cycles in each gated
“burst” varies with the trigger level.

Gated waveforms the same as with INT GATE.

The relative position of the waveform on each
channel shifis (indicates the change in trigger
leval).

The waveform start/stop point varies from — g0®
to +90°,

Triggered waveform.

Cht waveform amplitude varies with instanta-
necus amplifude of Ch2 waveform.

Amount of madulation increases through 100%
when cw. |f waveform clipping occurs, OVER-
LOAD LED will light,

Ch1 waveform is suppressed carrier type. Ampli-
tude varies with instantaneous amplitude of Ch2
waveform.

Ch1 freguency varies with instantaneous ampli-
tude ot Ch2 waveform.

Amount of modulation increases when cw.

Ch1 frequency varies with instantaneous ampli-
tude of Ch2 waveform.
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‘Table 2-1. Initial Chackout (Continued)

Step Control Fosition/Operation Observation

26 | Dial 1.2, set scope for 2 or 3 cycles;
sync scope on line and fine tune
generator frequency for stable pat-

tern.
27 {PM INT.
28 | AMPLITUDE CW.
28 { MOD AMPLITUDE | Rotate throughout its range. Phase or position of Ch1 waveform varies with
instantaneous ampliiude of ChZ wavefarm.
OSCILLOSCOPE OSCILLOSCOPE
MODEL 148 MODEL 148
EXT  MODULATOR CH CH EXT  MODULATOR CH cH
TRIG 1 2 MOD 1 2
OuT . our .
*IN . ¢ IFUNCTION T Ny ® # |FUNCTION T
ouT ' ouT ' ‘
Figure 2-3. Second Setup Figure 2-4. Third Setup

2-4



aA

CONTROLS AND CONNECTORS

The following item numbers are keyed to figure 3-1.

3.1.1

Main Generator

Fraquency Dial — The frequency control of the
main generator. The setling on this dial
multiplied by the FREQ MULT 13 settingis the
basic output frequency of the generator at the
FUNCTION CUT & and SYNC QUT 7 BNCs.
The FREQ VERNIER 18 and, in some cases,
the modulation generator also affect the main
generator frequency.

Mode Switch — This outer switch selects the
operating mode of the main generator as follows:

a. EXT GATE Mode — The main generator is
guiescent until a proper gate signal is applied
atthe EXT TRIGIN BNC 12 and then outputs
the selected signal for the duration of the gate
signal, plus the time to complete the iast cycle
generated.
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OPERATION

b. EXT TRIG Mode — 8ame as for EXT GATE

mode, excent the main generator output is

R LA

one cycle of setected signal only.
¢. CONT Mode — The ouiput signal is continuous.

d. INT TRIG — Same as for EXT TRIG mode, ex-
cept the trigger signal is applied internally by
the modulation generator.

& INT GATE — Same as for EXT GATE, except
the gate signal is applied internally by the
modulation generator.

TRIGGER LEVEL Conirol — This inner controi

is a continuously variable adiustment of the trig-

ger circuitry firing peint. When full ccw, a posi-

tive going pulse at approximately — 7.5V is re-

quired for triggering (see figure 3-2). In the full
cw position, a positive going pulse at approxi-

mately +7.5V or more positive voltage is re-

quired for triggering. In the GATE modes, the

generator will run continuously when the control

is cw of 12 o'clock.

14 15

MULT 428
i :
e MGDULATION GEMERATON ——--—

ATTEMVATION L8|

17

Figure 3-1. Controls and Connectors

3-1



TRIGGER LEVEL"

COW -~ CONTROL = CE”
- —+ 7.5V
——ﬂ‘——
f VA
~ 7.8V = py--

Trigger signal must be a positive go-
ing signal exceeding the TRIGGER
LEVEL setting.

Figure 3-2. Minimum Trigger Signal

32

MODULATION Switches — These three switches
{AM, FM/SWP and PM) set the type of modulation
of the main generator (amplitude, frequency or
phase) and select the source of medulation
signals as either internal from the modulation
generator orexternalatthe EXTMOD INBNG 11.
Each awitch has an OFF position for no moduia-
tion. When the AM switch is set to INT, the main
generator amplitude and atlenuation are
automatically 50% of normal to prevent over-
modulation. When the AM swilch is set to EXT,
the main generator amplitude is automatically
fixed at zero to allow suppressed carrier operation.

OVERLQAD Indicator -~ LED lights if £7.5
peak voltage into 508 (output ampiifier limits) is
exceeded.

ATTENUATION Switch — This switch selects
the attenuation range of the FUNCTION QUT &
signal. The inner AMPLITUDE control is a ver-
nier that sets the waveiorm amplitudes between
the two values indicated by the ATTENUATION
swiich. The dc oftset is attenuated to the value
clockwise of the position selected. v , v
and 'L are variable to 30V p-p {15V p-p into
500, . and w arevariableto 15Vp (7.5 Vp
into 500). Waveforms and dc can supply 150 mA
peak current. Whnen the AM MOBDULATION
switch is set to INT or EXT, the ATTENUATION
and AMPLITUDE controls are affected. (Refer to
itern number 33

FUNCTION QUT (500) Connector — This BNC
is the waveform (or dc) output of the main
genarator.

SYNC OUT({TTL) Connector — This BNC is the
output of a TTL pulse at the main generator fre-
quency, synchronous withthe FUNCTIONCUT &
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signal in frequency and waveform symmetry.
The TTL pulse will drive 10 TTL loads.

FUNCTION Switch — This switch selects the
primary waveform (or dc) output of the main
generator at the FUNCTION QUT BNC: sine
{ ™}, triangle { ™ ), square { 7|, ), positive
halfsguare{ n jandnegativehalfsguare{ ir ).

TRIG STARTISTOP Control = This inner con-
trol sets the main generator waveform start and
stop point. it applies only to the "\, and v
waveforms, to the trigger and gate modes and to
waveforms less than 2 MMz, Rangeis O £ 80°. A
0° CAL detent ensures standard waveforms that
start and stop at 0°.

DC OFFSET Control — This control offsets the
main generator cutput waveform verticatly trom its
normat position and, when FUNCTION switch 8
is in DC position, controls polarity and voltage of
dc cutput. Offset range is 0 £15Vdc (£ 7.5 Vdc
into 50). An OFF detent ensures zero offset. DC
and dc offset are attenuated by the ATTENUATION
control &, but nat by the AMPLITUDE control 8.
Waveform peak voliage plus de offset is limited
to £15V (* 7.5V into 501Q).

SYMMETRY Control — This control varies the
symmetry of the waveforms (normally 50% duty
cycte}, Symmetry range, half cycle to half cycle,
i519:1 t01:19. An OFF detent ensures 1:1 {50%)
symmetry. When SYMMETRY controt is used,
main generator frequency is divided by 10.

EXT MOD IN Connector — This BNC receives
the external modulation signal. This signal is ap-
piied to the modulating circuits when a MODU-
LATION switch 2 is in the EXT position,

EXT TRIG IN Connector — This BNC receives
the external trigger and gate signals. These
signals are applied to the trigger and gate cir-
cuits when the mode switch 2 isin EXT TRIG or
EXT GATE positions. Refer to paragraph 1.2 for
trigger sighal requirements. The TRIGGER LEVEL
control 2 selectively accepts trigger and gate
signals for the trigger and gate circuits.

FREQUENCY MULT Switch — This cuterswitch
selects one of ten frequency multipliers for the
dial 1 setting.

VERNIER Control — This inner control is a fine
adjustment of the frequency dial 1 setting,



3.1.2 Modulation Ganerator

14 FUNCTION Switch — This switch selects the
waveform ouiput of the modulation generator.
Cutput is at the OUT BNC connector 18 and is
algo available internally to the main generator.
Waveforms are sine { \v ), triangle ( *v )
square ( "L ), ramp up (.~11) and ramp down
{ IS0 A SWP SET detent holds the CUT BNG at
AMPLITUDE conirol 14 ievel; used o set upper
sweep frequency.

MOD AMPLITUDE Control — This inner con-
trol attenuates the modulation generator signal
that is internally fed to the main generator when
modulating. It has no effect during internal {rig-
gering or gating and it has no effect on the
CUT 18 signal.

15 FREQ/PERIOD MULT Switch — This outer switch
{with ranges given in both frequency and period)
sefects the modulation generator frequency/
peried range.

VARIABLE Control — This inner control sets
the frequency/period within a range.

1¢ OUT (600f) Connector — This BNC is the
modulation generator waveform output: sine
{ "\ ), triangle { ~ ) and square { "y ) fixed
ievel 10V pp {5V pp into 60082) waveforms
balanced about ground and ramp { .~1-1, )
fixed level 0 10 + 5 Vp waveform.

17 FMIN{5 kQ) Connector — This BNC is the input
for frequency modulation of the modulation
generator. Sensitivity is 20% of frequency range
per volt in.

3.2 OPERATION

For convenience, the generator operation has
heen grouped in saven bagic modes, from which
many variations and combinations are possible.
The following paragraphs give basic swiich posi-
tions for each mode and reguiremenis and sug-
gestions for operation.

The basic modes of operation are:;
a. Continuous — A continuous output signhal.

b. Triggered — One cycle of wavetorm for each
trigger signal.

c. Gated — A "burst” of waveforms for the dura-
tion of each gate signal,
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d. AM — The instantaneous amplitude of the out-
put signal varies with the instantaneous ampli-
tude of the modulation signal.

e. FM — The instantaneous frequency of the out-
put signal varies with the instantanecus ampli-
{ude of the modulation signal.

f. PM — The instantaneous phase of the output
signal varies with the instantansous amplitude of
the modulation signal.

g. DC — The dc output can be set from + 15 Vde
to —15 Vdc (+ 7.5 Vdec to —7.5 Vdc into 500).

3.2.1 Continugus Operation

When setting up the generator, it is advisabte to ob-
serve the output on an oscilloscope. Connect FUNC-
TION OUT to the scope input using 2 502 cable and a
508 load. For continuous waveform oulput, select a
basic waveform at the desired frequency. Ensure the
medulation switches are set to OFF and the mode is
set 10 CONT. The output amplitude can be as great as
15V p-p; attenuate as desired.

NOTE

For best waveform quality, use the AT-
TENUATION SWITCH for gross attenua-
tion; then use the AMPLITUDE controf for
fine atfenuation.

The waveform may be skewed to the teit or right using
the BYMMETRY control: e.g., making a ramp { .~1 )
from a triangle { v ) waveform.

NOTE

The output frequency s divided by 10 when
the SYMMETRY controf is switched from
the OFF position.

The dc level of the waveform may be varied with the
DC OFFSET centrol, but waveform clipping canoceur.

NOTE

Waveform clipping will occur (OVERLOAD
LED will ght), unless waveform amplitude
is decreased so that waveform plus offset
is less than 7.5 volts at the wavelorm peak.

3.2.2 Triggered Operation

In triggered operation, there is cne cycle of output for
each trigger signal input. For triggered operation, first
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set up the generator for continupus operation {refer to
paragraph 3.2.1). The main generater may be trig-
gered internally by the modulation generator or trig-
gered by an external source. If an unmodulated
waveform is being output, the modulation generator is
free to give the desired triggering frequency and
should be selected as the trigger source. Use any
modulation generator waveform as the trigger, Set the
modulation generatar frequency for the desired trig-
ger frequency and sync on the modulation generator
output.

NOTE

1. Trigger frequancy must be slower than
the output wavetorm frequency.

2. The MOD AMPLITUDE control has no
effect in INT TRIGG and INT GATE modes.

Rotate the TRIGGER LEVEL control to obtain a goed
trigger. If the waveform stari/stop point is {o be other
than zero degrees, set the TRIG START/STOP control
as required. (See figure 3-3.) Haverwaves can be sel
up using start/stop control and dc ofiset control,

Figure 3-3. Waveform Start/Stop Examples

If external triggering is to be used, connect a repeti-
tive signal with & positive going transition of greater
than one volt to EXT TRIG IN using a 508 cable. Adjust
the TRIGGER LEVEL control for proper triggering.

3.2.3 (Gated Operation

In gated cperation there is a “‘burst”™ of waveforms
lasting the duration of the gate pulse plus the time re-
quired to complete the last cycie of waveform started,
Set up as fortriggered operation {refer to paragraph 3.2.2)
and select a '“trigger’’ signal whose duty time gives
the desired waveform burst.

3-4
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3.24 Manual Triggering and Gating

The TRIGGER LEVEL control can also be used for
manually triggering or gating the generator. For
manuafly triggering {single cycles), the generator
mode should be EXT TRIG with no external signal in-
put at the EXT TRIG IN connector. Each time TRIG-
GER LEVEL is rotated cw through mid-position, one
triggered cycle will be generated. in EXT GATE mode,
the generator runs continuously as long as the TRIG-
GER LEVEL is cw of mid-position.

3.2.5 AM Operation

In amplitude modulation, the instantaneous amplitude
of the output signal varies with the instantaneous
amplitude of the modulation signal.

NOTE

The output waveform will be clipped (OVER-
LOAD LED will light) if any instantaneous
amplitude greater than =15 volis
{ = 7.5 voits into 5080 /s produced.

Set up the generator as for continuous operation
(refer to paragraph 3.2.1). Switch 1o internal or exter-
nal amplitude modulation. If internal, note that the car-
rier {(main generator waveform) mean amplitude is
decreased to half. This is to prevent clipping {over-
driving the output amplifier) when the carrier ampli-
tude is modulated (increased and decreased) by
anctner signal. Set the modulation generator ire-
quency o a lower frequency than the main generator
and sync the scope 1o the modulation generator autput.
Set the modulator ampilitude for a desired perceniage
of amplitude modulation {0 {ogreater than 100% range)
and set the main generator ATTENUATICON and
AMPLITUDE controls for & desired ampliiude of
modulated waveform. |If external modulation is
selected, observe that the carrier (main generator
waveform) amolitude drops to zero {nuil). This is for
suppressed carrier mode of amplitude modulation.
Connect the modulator OUT (60082} to the EXT MOD
IN with a coaxial cable. Set the main generator
ATTENUATION and AMPLITUDE controls for a desired
amplitude of suppressed carrier waveform. For best
results when using an external modulation signal at
EXT MOD IN, maintain ag near as convenient & 5 Vp
amplitude {which does not exceed 5 Vp), then use the
main generator ATTENUATION and AMPLITUDE can-
trols. An external source may also be used for regular
AM operation, rather than suppressed carrier opera-
fion, by supplying a d¢ component along with the ac



modulating signal {observing 5 Vp limit} to set the car-
rier level.

3.2.6 FM Operation

In FM operation, the instantaneocus frequency of the
output signal varies with the instantaneous amplitude
of the modulating signal.

NOTE

The output frequency rnodulation wili not
be finear when [he instantaneous
modulated frequency exceeds these range
fimits.

Upper Limit: 2.0 X FREQ MULT

tower Limit: C.001 x Upper Limit

Set up the generator as for continuous operation
(refer 10 paragraph 3.2.1). The frequency setting will
be the center frequency from which the moduiaied
signal will vary. Switch to internal or external FM
modulation. If internal, set the modulation generator
frequency as desired and sync on the modulation
generator signal. Set the modulation amplitude for the
amount of modulation desired. Because the main
generator is limited in frequency range {limited to ap-
proximately the dial range for any given multiplier set-
ting), the main generator frequency dial and the
modulation amplitude control must be balanced to
stay within that range. The range is shown in figure 3-4
as the OUTPUT FREQUENCY FACTOR, which, when
multiplied by the FREQ MULT setting, gives the actual
output frequency. Example 1 shows the output being
swept over the full frequency range when the main
generator frequency dial is set at midpoint {1.0), the
MOD AMPLITUDE control set at midrange and the
modulation signal is a balanced waveiform ( 7 , 7\,
or T ¥ that is, the modulation generator voltage
swings both positive and negative. If the MOD
AMPLITUDE control is rotated foward cow, the
voltage swing decreases and the angle subtended in
the nomograph decreases. i the MOD AMPLITUDE
control is rotated toward MAX, the angle subiended
would overshoot the OUTPUT FREQUENCY FACTOR
range, indicating that saturation is likely.

3.2.7 Sweep Operation

For sweep operation, sét up the generator for con-
tinugus operation (refer to paragraph 3.2.1). The fre-
guency setting will be the lower frequency of the con-
tinuously warying f{or swept} frequency. Switch
FM/SWP 1o internal or external modulation as desired.
M internal set the modulation generator FUNCTION
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OUTPUT
MAIN DIAL MOD EXT FREQUENCY
SETTING AMPLITUDE MODIN FACTOR*
20— MAX —T-—5V f 002
18- . 2
161 + a

1.4

1.2 o P 5 3

10K+

i ay

" EXAMPLE 2
MAX +54

002 —-2.0

*Muitipty by FREQ MULT for actual output.

Figure 3-4. Frequency Modulation Nomdgraph

switch to SWP SET, monitor the FUNCTION QUT with
a counter or oscilloscope and wvary the MOD
AMPLITUDE control for exactly the upper frequency
desired. Note that the main generator is limited in fre-
quency range (limited 1o approximately the dial range
for any given multiplier setting). Select either /W1 for
sweep Up or for sweep down. Select the sweep
rate desired. Keep in mind the /11 andN\ frequen-
cies are double the indicated frequencies on the
FREQ/PERIOD control.

Example 2 shows the outpul being swept from the
bottom of the range o midrange by setting the main
dial fully cw and the YERNIER fully cow for absoiute
bottom of the range. The MOD AMPLITUDE coniral
was left at midrange and the ramp { A4/ ) waveform
used as the modulator. The ramp is a positive going
only waveform. Had a balanced waveform been used,
the angte subtended would have inciuded the dotted
line and resulted in saturation. If an external moduia-
tion signal is to be ugsed, the EXT MOD IN values in the
nomoegraph indicate the signal level required for the
desired results.

35



3.2.8 PM Qperation

in PM gperation, the instantaneous phase of the out-
put signal varies with the instantaneous change in
amplitude of the medulating signal. The change in
phase is made by changing the frequency of the
generator uniil the correct phase angle change is
made. The modulation circuit differentiates the modu-
lation signal; that is, its output is propartionzl to the
rate of change of moduiation signal amplitude. This
voltage is fed to the main generator in exactly the
same manner as the FM voltage is. The voltage effects
a change in frequency and, in the case of a step func-
tion modulation, for example, exists only iong enough
to cause the desired phase shift. Typically, less than
one cycle is reguired to change the phase. When the
phase angle is increased, the frequency increases to
achieve it. When the phase angle is decreased, the
frequency decreases to achieve it. The frequency re-
guired to change the phase also depends upon the
modulation frequency and waveform.

NOTE

The oulput phase will not be fingarly modu-
lated when the instartaneous transition fre-
gquencies required to effect the phase
change exceed these range limits.

Upper Limit: 2.0 X FREQ MULT
Lower Limit: 0.001 X Upper Limit

Nominally, the phase of the main generator is shifted
ten degrees for each velt of instantaneous modulation

3-6

ManualsPlus.com

signal. When the main generator is set above a range
midpaint, the modulation signal begins to lose its ef-
fectiveness. The effect is that the input signal is rolling
off at 6 dB/octave due to form factor limitaiions of the
input  differentiator. This effect alsoc occurs for
modulation signal frequencies above 150 kHz.

Set up the generator as for continuous cperation
{refer to paragraph 3.2.1). Select a range so that the
frequency dial can be set at migpoint or below {(for
linear cperation) and switch to internal or external
phase modulation.

NOTE

There is no PM operation for frequency
multipliers of 100 or less.

If internal, set the modulation frequency as desired. (if
other than sine waveform is selected, greater than
150 kHz modulation frequencies are possible and the
effective roll off must be considered.) Set the modula-
tion amplitude as desired. Full range is 5 Vp and
phase shift is 10°® per 1 Vp.

NOTE

Because the initial phase reference no
longer exists when the phase shifts, phase
shift measurement will not be possible with
an oscilloscope alone. To measure the
phase shift, an addifional circuit such as a
phase modwator will be necessary 1o
establish a phase angie baseline,
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4.1 FUNCTIONAL BLOCK DIAGRAM ANALYSIS

This section describes the functions of major circuit
elements and their relationship to one ancther as
ghown in figure 4-1, functional block diagraim, &nd
figure 4-2, basic generator and timing diagram.

Paragraph 4.2 provides further descriptions relating

circuit bioeks to schematics in section 7.

As shown in figure 4-1, the main generator VCG
{(Voltage Control of Generator frequency) summing
amplifier receives inputs from the frequency dial, ver-
nier, FM and PM switches which produce a sum Cur-
rent. The PM input is provided with a passive differen-
tiator which produces a voltage proportional to the
rate of change of the instanianeous voltage of the
modulating signal.

The VCG summing amplifier is an inverting amplifier
whose output voltage is used to control & complemen-
tary current source and current sink. For symmetrical
ouiput waveforms, the currents are equal and directly
propartional to the algebraic sum of the VCG inpuis.
The diode gate, controlied by the hysteresis swilch,
switches efther the current source or sink to the timing
capacitor selected by the frequency multiplier con-
trol. When the current source is switched in, the
charge on the capacitor will rise linearly producing
the positive-gaing triangle siope. Likewise, the current
sink produces the negative-going triangle slope.

The triangle amplifier is a unity gain amplifier whose
output is fed i¢ the hysteresis switch and to the
triangle buffer. The hysieresis swiich is a bistabie
device operating as a window detector with limit
poinis sei 1o the triangle peaks. When the nysicresis
switch output is + 2V, the triangle rises to the + 1.25Y
limit, and the hysteresis switch goes to —2V. This
switches currents at the diode gate and the negative-
going triangle siope is started. When the triangle
reaches the —1.25V limit, the hysteresis switch will
switch back to positive, repeating the process. As
shown in figure 4-2, this repetitive process results in
the simultaneous generation of a square wave and a
triangle wave at the same freguency.

The output frequency is determined by the magnitude
cf the capacitor selected by the freguency multplier
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SECTION 4

CIRCUIT DESCRIPTION

selector and by the magnitude of the currenis sup-
plied to and removed from it. Since the currenis are
lingarly proportional to the sum of VCG inputs, so will
be the output frequency. The capacitance muitiplier
provides the botiom four freguency ranges.

When the variable symmetry control is rotated, it first
reduces the current sink by a factor of 19, making the
negative-going triangle slope 19 times longer than
normal. This results in an unsymmetrical waveform
output and a frequency division by 10. Continued rota-
tion gradually increases the current sink and reduces
the current source in such a way that the period for
the triangle to compiete one cycie remains constant.
This action produces continuously variable symmetry
of the output waveforms over a 1:18 to 19:1 range
whiile frequency remains constant at one-tenth of dial
and multiplier settings.

The inverted square from the hysteresis swiich is fed
to the sync amplifier, where it is butfered and con-
verted to a TTL level output, and to the square
amplifier, where (if square or pulse functions are
selected) a buffered square is sent to the signal
shaper for conditioning.

The triangle buffer provides the +1.25 triangle sufti-
cient drive for the signal shaper and presents a small,
constant load on the triangle amplifier.

HYSTERESIS
SWITCH

+1.25
-1.25
+2
G
-2

Figure 4-2. Basic Generator Block
and Timing Diagram




The signal shaper contains switching elements and a
diode array for signal conditioning the buffered
triangle and sguare inputs into the various waveforms
controlled by the function switch. The selected
waveiorm ig the carrier {4+ Y) input to the transcon-
ductance muitiplier, an integrated circuit, four-
guadrant multiplier.

The modulation {+ X) input is a positive de from the
control amplifier when the AM switch is off, providing
a fixed gain reference for the multiplier. Output cur-
rents from the multiplier are applied 1o the summing
node of the preamplifier for conversion t0 an inverted
voltage signat.

The preampiifier cutput is then attenuated by the front
panel amplitude control and fed to the output amplifier
summing node along with the dc offset control. The
output amplifier is an inverting amplifier whoge output
is fed into step attenuator and then to the fungtion
output connector, The attenuator congists of a
distributed network having 508 output impedance.
This netwoark provides attenuation in 20 dB (1/10)
steps 1o 80 dB.

For continuous operation of the basic function
generator loop (bold path in figure 4-1), the trigger
ampditier must maintain a positive level above the
mast positive charge on the integrating capacitor in
order to reverse bias the start/stop diode. Thus, in
continuous mode the trigger iogic senses the con-
tinuous controd line from the front panel mode seiec-
tor and holds the inverting trigger ampiifier input low.

In triggered and gated modes the trigger amplifier out-
puts some level below the positive peak charging
tavel, and the start/stop diode is forward biased to
sink the current source and prevent the timing
capacitor from charging to the positive peak. This
stops waveform generation and holds the triangle out-
put at some dc level called the trigger baseline. The
trigger baseline is the level where a triangle, and thus
sine, waveform starts and stops when triggered or
gated.

The normal trigger baseline is zero volts, analogous to
0® phase of a sine or triangle waveform. The trigger
start/stop control offsets the trigger amplitier output
and can change the baseline for starting and stopping
a sine or triangle wavetarm from its negative peak
(—90° to its positive peak {+ 30°). At the extreme
pogitive peak level setting though, the diode is again
reverse biased and generator operation goes con-
tinuous, independent of generator mode.

4-2
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While the integrating capaciter is being held from
charging, the start/stop diode must sink the current
source, which has a magnitude variable with VCG in-
puts. Therefore, a compensation is necessary 10 the
voltage tevel output by the trigger amplifier in order to
maintain a constant baseline level as VCG inputs, cur-
rent source magnitude and forward voltage drop by
the start/stop diode are varied. The baseline compen-
sation circuit measures the forward voltage across a
diode placed In the current scurce and injects an off-
seiting current into the trigger ampiifier to maintain an
equal voltage differential between the baseline level
and trigger amplifier output.

The trigger logic determines that after a waveform
starts, it always stops at a complete cycle and at the
same phase angle at which it started. The trigger logic
receives a trigger stimulus from the signal limiter and
latches the trigger amplifier output positive, allowing
the generator lcop to run. When the negative peak of
the last cycle is reached (just one cycle in trigger
mode), the square from the hysteresis switch latches
the trigger amplifier back to its previous ievel. The in-
tegrating capaciior will charge back to the trigger
baseline where the start/stop diode once again for-
ward biases.

The generator mode switch seis the gated control line
to determine whether the trigger logic is 1o latch the
generator on for one cycle of for the duration ¢f the
trigger stimutus.

The modulation generator board contains the power
supplies, the modulation generator and various
switching elements 1o control the source and type of
modulation and triggering signals to the main
generator.

The modulation generator is an integrated circuit
source of sing, triangle and square waveforms, whose
frequency is controllable by front panel multiplier
switch, variable control, and external voltage at the
FM tN input. The triangle and square are applied to a
ramp generator consisting of a balanced modulator
and buffer amplifier to produce ramp waveforms. A
modulation waveform or a SWP BET d¢ level is sent 1o
the function buffer via the front pahe! function selec-
tor.

The function buffer output is sent to the modulation
output {B00R) connector, the generator mode switch
for an internal trigger and gate stimulus, and the
amplitude buffer after being attenuated by the front
panel amplitude controt. The amplitude buffer output
goss to the AM, FM and PM switches “internal” posi-
tions. The EXT MCD IN connector provides & connec-



tien for an external signakto the switches “external”
positions.

The FM and PM switches provide VGG inputs. The AM
switch controls the control amplifier and thus the
transconductance multiplier. When AM is off, the con-
trol amplifier produces a positive dc level giving the
muitiplier a fixed gain. With internal AM, the dc com-
ponent from the control amplifier is cut in half, halving
the output ampiitude to prevent ocutput clipping when
modulating. The selected modulation waveform rides
on the do. The ac {moduiation signal) has a peak vatug
equal in magnitude to the de¢ level when the modula-
tion amplitude control is maximum, making the sum of
modulator and carrier signals equal to the maximum
output capability of the output amplifier, and the differ-
ence equal to the zero output level, which is 100%
modulation. Then, by varying the modulation signal, a
variable 0 to 100% AM of the carrier {main generator)
signal is produced. With external AM, the d¢ compo-
nent is switched to 0 Vde, resulting in zero amplitude
output, and bipolar signal inputs at the EXT MOD IN
connectorwill produce suppressed carrier {4-quadrant)
maodulation,

4.2 CIRCUIT ANALYSIS

4.2.1 VCG Amplifier

Figure 4-3 is a simplified schematic of the VCG cir-
cuitry. The value of a resistor “R" is 5 ki and suppiies
are +15 Vdc. U1 is connected as a summing
amplifier to sum the VCG inputs. A top of range input
produces 1 mA through the feedback resistor resulting
in —5 Vdc at the cutput of U1.

The negative input of U4 is held at the output level of
U1 by controlling the current through Q2 as a teed-
back. One half the cutput of U1 is buffered by U3 and
applied to the wiper of the variable symmetry control.
The negative inpui of U2 is held at 0 Vdc by controlling
the current through Q1 as a feedback. As long as the
variable symmetry control is off, the two R/2 resistors
have equal voltage across them and an equal current
through them as through U1 feedback and there is no
current at the output of U3, Since an equal current
exists in the entire resistor string from + io — supply,
the result is a positive contral voltage relative 1o the
negative supply at U6 + input and & negative control
vohtage with respect to the positive supply at US +in-
put, each of which is proporfional to the sum of the in-
puts to U1.

Similarly, U5 and U6 esiablish feedback by regulating
current through FETs, producing a voltage drop
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ACross series resistors to the supplies equat 1o the
control voitages. The FET currents will be switched at
the diode gate into a timing capacitor to produce the
triangle waveform.

4.2.2 Symmetry Control

Let the source of Q2 be — 5Vde, the wiper of the sym-
metry control, — 2.5 Vdc, and the source of Q1, 0 Vdc.
The output of U3 will have no current, each R/2 resis-
tor will have 1 mA, and generator frequency will be at
maximum of the range. Open the symmetry switch
and set the potentiometer 10 its electrical center. The
output of U3 is still at an equipotential point, but now
the total resisiance with 5 Vdc acress it has changed
from R to 10R. Thus, current will drop to 100 uA and
output frequency will drop to cne-tenth of range. If the
potentiometer is rotated, current will flow in U3 output
to maintain the wiper at —2.5Vde. When the potentio-
meter is cow, the wiper is at the positive direction and
the upper R/2 will have 2.5V across it with a current
source of 1 mA. But the lower R/2 is in series wiih 8R,
which puts 2.5V across 19 X' the normal resistance.
Now the current sink will have one-nineteenth the
magnitude of the current source. The output waveiorm
for this condition is shown in figure 4-3. Regardiess ot
where the symmetry control is rotated, frequency
stays the same (one-tenth of range).

4.2.3 Range Switching

For frequency ranges associated with multiplier posi-
tions of 100 and 1K, main board schematic, shaet 1,
the value of the curreni source and current sink setling
resistars B326, R38, R48 and R330 is 5 k), which pro-
vides integrating current sensitivity of 200 zA per voit
of external FM input. With the timing capacitors of 1
and 0.1 uF, plus the bulk of the top range timing capa-
citor and the stray capacitance of the multiplier switch,
the generator produces the calibrated output fre-
quency for these ranges. in the top range (muitipiier
position of 10M), the current setting resistors are
paralleled with resistors of one-ninth the value, caus-
ing both current sources to run at ten times the usual
current, resulting in 2 mA per volt of extarnal FM input.
When this current is used with the nominal ~90 pF
timing capacitor (fixed value plus sirays), the top
range of frequencies result. For the next three ranges
down {multiptier positions 1M, 100K, 10K), the nominal
timing capacitor is the fixed iop range capacitor plus
strays (i.e., ~ 30 pF}) plus the swiiched values (11 pF,
10 pF, 001 uF). These result in joint timing
capacitors of 101 pF, 1010 pF and 0.0101 xF. In these
three ranges the positive and negative current
sources are boosted by 1% over the next range down
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fmuitiplier 1K) by switching 500 k& resistors in paraliel
with the 5 kQ basic current setting resistors R328,
R38, R48 and R330 producing the cuiput frequencies
tor these ranges. The four ranges below multiplier set-
ting 100 all have the same integrating current and fim-
ing capacitor as the 100 multiplier range, but for each
of these ranges, 80%, 99%, 99.9% and 99.99% of
the integrating current is subtracted by the
capacitance multiplier cirguit,

4.2.4 Capacitance Multiplier

For the frequency ranges associated with multiplier
positions of 10 through 0.01, a capacitance multiplier
circuit {main board schematic, sheet 1), senses the
timing capacitor charging current and subtracis the
appropriate amount o that the effective charging cur-
rent is a fraction of that deliversd by the current
saurces. This is accomplished by the connection of
the capacitance multiplier 1o the timing capacitor with
one input-output tarminal through a section of the fre-
guency multiplier switch. The + terminals of U7 and
Li8 serve as potentiometric input to these amplifiers.
U7 has a fixed resistive feedback network, giving it a
fixed gain. Capacitor G268 ig forced to compty to the
triangle voltage wave being generated, because the
R54 side ig driven at the potential of the inputfoutput
ferminal and the other side has the same waveform
with some fixed gain from U7. Since the side driven at
the input/outpui signal is a summing node, it is fed the
necessary current by the feedback resistors R58,
R59, RGO and R61. The feedback resistors are
selected by the frequency multiplier contral, taking on
values which give the correct amplitude to the output
of U8. This output with respect to common is the-
inputfoutput waveform with a square wave super-
imposed; TP1 is the test point where this output can
be picked up for signal tracing. The inputfocuiput wave-
form is a triangle wave so the differential across R62
and RE3 is a square wave with the correct amplitude
1o subtract part of the timing capacitor charging cur-
rent. Since this square wave amplitude is controtled in
decades by the frequency mulliplier control via R58,
R59, R60 and R61, the instrument frequency is divided
in decades even though the current sources and tim-
ing capacitor remain the same.

4.2.5 Triangle Amplifier

The main board schematic, sheet 2, shows the triangle
amplifier; it uses Q8, an FET source follower, to drive
G190, a bipolar emitter follower, for an open foop gain
of one. It is a fast, very high input impedance circuit
with output impedance low enough te drive the hyster-
esis switch and the triangte buffer. In series with Q8 is
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a matched duplicate FET, Q9. Q% has the identical
drain current as Q8 and, therefore, the same gate-to-
source voltage. In series with Q10 is a duplicate emit-
ter follower, Q13. Q13 has the identical collector cur-
rent as Q10; thergfore, it has the same emitter-to-
base voltage. Since the gate of the dummy FET, Q9, is
connected to the emitter of the dummy emitter
follower, Q13, the two terminals have the same
voitage. Therefore, within the tolerances of the part
parameters and some unaccounted error for base
current, the active emitter follower output voltage will
be af the value of the input gate. The remaining tran-
sistor, Q11, is a second emitter follower for driving the
gynamic lead networks at the input of the hysteresis
switch. [n this role, it needs no do integrity, as the out-
put is not directly coupled.

4.2.6 Hysteresis Switch

The hysteresis switch {main board schematic, sheet 2)
consists mainly of U14, a double input comparator,
and Q14/Q15, an output flip-flop. Each differential pair
of U14 compares an input voltage tc common. The in-
put network provides a positive bias to one and a
negative bias to the other; therefore, when the input
termiral {output of the triangle amplifiar) is at = 1.25V,
the flip-flop changes state. The flip-flop selects which
input comparator of the hysteresis switch will be ac-
tivated in preparation for the next change of state.
When the timing capacitor is integrating positively,
the positive biased comparator is activated. When the
timing capacitor voltage reaches + 1.25V, the flip-flop
changes staie, the negative comparator is activated
and the direction of integration is reversed, so that
when the timing capaciior signal reaches —1.25Y,
the flip-flop swiiches back and the cycle starts over.
in addition to the positive and negative biases at the
comparatar inputs, there is a dynamic lead network
on each one. These lead networks are driven by Q11,
a separate emitter follower, from the triangie ampii-
fier. They provide the necessary lead io compensaie
for the inherent delays of the hysteresis switch,
thereby keeping the higher frequency dial nontingarity
and sine distoriion to a minimum.

4.2.7 Diode Gate and Timing Capacitor

The dicde gate {current switch) and the timing
capacitor circuits are shown in the main board
schematic, sheet 2. The current socurce and sink are
switched to the timing capacitor by the hysteresis
switch via a diede bridge arrangement called the
dicde gate. Actually, the hysteresis switch is linked to
the bridge network by two emitter followers, Q24 and
Q25, with independent cutputs biased to be at the
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sarme voltage. The simplified timing diagram il
justrated in figure 4-2 shows these points as one ter-
minal at C. When the hysteresis switch output is
positive, CR16 is forward biased, so that the current
sink is sourced by the drive circuit and is ineffective.
CR13 and CR15 are reversebiased, providing isolation
between the drive circuit and the timing capacitor,
This leaves CR14 forward biased and free to conduct
the current source output to the timing capacitor.
When the timing capacifor voltage rises to the hys-
teresis switch point (+1.25V), the hysteresis switch
output switches low, forward biasing CR13 which
tack biases CR14 and CR16 and allows the source to
be isclated and the sink to discharge the timing capa-
citor through CR15. This state gontinues until the
negative switch point is reached and reverts to the
previous state.

4.2.8 Triangle Buffer

The triangle buffer (main board schematic, sheet 2) is
a wide band dc amplifier providing a closed loop gain
of one in potentiomelric connection. The input dif-
ferential stage, Q17/Q18, is a moenolithic pair. The
emitters are fed from a current sink Q19. The active
collector load, Q20, is a current source praviding
greater open loop gain than a resistive load. Following
this is an emitter follower, 021, a zener dicde level
shifter, CR12, and another emitter follower, Q22, for
the output stage. The gain is set to one by the 100%
teedback to the input pair feedhack side, base of Q18.

4.2.% Signal Shaper

The signal shaper circuit {main board schematic,
sheel 3} is uniguely set up for each diiferent waveform
by four wafers of the function selector switch. The
=15 volt power is switched oft in the triangle wave
mode and there is vifually no effect on the triangle
wave fed to the circuit. In the positive puise mode, the
square wave, rather than the triangle wave, is fed to
the circuit and the — 15 volt power is switched off, As
a result, the negative swing of the input square wave
is clipped off. The negative pulse is formed, when
selected by the function swilch, in a simitar manner.
When the square or sine wave is selected, both plus
and minus 15 volt power is applied to the circuit. The
difference in circuit setup for sine and square is the
resistive load at the circuit output and the shape of the
signal fed to the input. Fer the sine wave mode, the
matched set of diodes soft clip the input triangle at
three different levels, These signals are resistively
summed to produce a sine wave voltage input to the
multiplier. For the square wave mode, the input
square wave is symmetrically hard-clipped by the
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diode network presenting a square wave input vollage
to the multiplier.

4.2.10 Transconductance Multiplier

After the main generator signal passes through the
function selector switch and the signal shaper circuit,
it enters a transconductance multiplier, U15 (main
board schematic, sheet 3), where the amplitude is set
by dc from the control amplifier or modulated by ac
from the medulation generator via the AM switch. Cur-
rents in the open collectors of this IC are wotked into
a current mirror for optimum gain and fed to the pre-
amptifier summing node for conversion to a voltage
signal at TP7.

42.11 Preamplifier

The preamplifier {main board schematic, sheet 3), like
the output (power) amplifier, is comprised of a high
frequency ac amptifier combined with a low frequency
dc amplifier. It converts the current from the muitiplier
1o a voltage signal which is attenuated by the front
panel amplitude control and amplified by the output
amplifier. The Q37, 38, Q39 circuit is the de
amplifier and the remaining circuitry is the high fre-
guency ampiifier. Again, like the output amplifier, the
ac amplifier is symmetrically arranged from the
R240/R230 summing node to R246 and Q42 at the out-
put stage of the preamplifier. If the input current goes
into the node, the voltage at the summing node will
rise by a certain amourit. By capacitive coupling via
C92 and C93, the base voltage of Q40 rises closer 1o
+ 156 volts and the base voltage of Q41 rises further
away from — 15 volts. Thus, the emitter base junction
of Q40 will be less forward biased, thereby reducing
the emitter current, while the Q41 emitter current in-
creases. The result is that the valtage at the Q42 base
decreases, increasing the emitter base junction for-
ward bias and causing a decrease in output voliage
due to anincrease in Q42 current. The feedback path
through R250/R251 to the summing node tends to
cance! the rise in voltage there, causing the output
voltage to stabilize. The amount of negative voltage at
the output required to pull the summing node back to
Zero is controlled by the value of §250/R251.

4212 Output Amplifiar

The output amplifier is comprised of a fow freguency
de amplifier and a high frequency ac amplifier. Refer
to the simplified circuit of figure 4-4, The 043, Q44
and Q45 circuit is the dc amplifier and the remaining
circuitry is the ac amplifier. The ac amplifier is sym-
metrically arranged, top and bottom. The upper por-



tion amplifies the positive swing of the output, while
the lower mirror portion amplifies the negative swing.
Operation is class AB; that is, there s independent
positive half and negative half amplification, with a
small amount of current flow in both sides near zero
swing. The amplifier schematic has been simplified in
figure 4-4 for the foliowing discussion. Assume that
both the input and the output voltages are zerg, then
the voltage at point A should alsc be zero. Because of
the symmetrical configuration of the amplifier, the
current through Q47 and Q49 will be equal and the
outout will remain at zero, If the input goes positive,
the voltage at point A will rise by a certain amount.
This will cause the base voltage of Q47 1o rise cioser
to + 28 volts. Thus, the emitter base junciion of Q47
will be less forward biased, thereby reducing its emit-
ter current. The result is that the voltage at point B
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which is the output voitage, will start to go negative.
Finally, when the output has moved far enough
negative to pull point A back to zero, by pulling current
through the feadback resistor Rip, the collecior cur-
rent of Q47 and Q49 will again be equal and the output
voltage at point B will stabilize. The amount of nega-
tive voltage at the output required to pull point A back
to zero is controlled by the ratio of Rtp fo Rip, and this
ratio is the closed loop gain of the output ampiifier,
The circuit containing Q43/Q44/Q45 is a high gain, low
freguency amplifier used to bias the high frequency
amplifier and to increass ths low freguency loop gain.
The high frequency amplifier is isolated from low fre-
quency signals at the input by capacitance coupling
to the bases of Q47 and Q49. It then employs the low
frequency amplifier to bias the emitter of Q47 to ob-
tain the required dc stability and high loop gain.

O43Q48IQ48 +26Vdo
—A\AN |
Y AAY
)Qa? —~
1 | )054
Reb
Rin A AN a
INPUT 6—AAA, A ————0 OUTPUT

ﬂ'? ) Q85
a9 >

s 3V

f
- 26 Vdc

Figure 4-4. Simplified Qutput Amplifier




Other circuit components are shown on the main
board schematic, sheet 3. Emitter followers 046 and
Q48 increase the driving power to the bases of 047
and Q49. O51 and Q54 are a harnessed pair sharing
the load through R287, R290 and R291 during the
positive signal swing. Q51 and Q54 are driven by the
collectar of Q47. CR4Q through CR43 compensate for
the emitter-base junction voitage drops of Q51, Q53
Q54 and Q55 1o control idiing current, reduce
crossover distortion and prevent thermal runaway.
The two resistor-capacitor networks, R268/C100 and
R278/C101 are emitter bypass circuits to maintain the
high frequency ampilifier gain during the transition
time prior to the do amplifier taking effect, This im-
proves the rise time, since the dec amplifier requires a
few microseconds to respond and stabilize. Another
compensation is C113 which bypasses R276 to give
the signal a low impedance path during the signal
transition allowing faster and more symmetrical rise
and fall times. VR2 and VR3 are five volt regulators
which normally run saturated {¢ supply the output
stage current to the collectors of the output tran-
sistors. If the output stage should demand an abnor-
mal amaount of current through a shorted transistor or
output terminal, the current through R295 through
R298 will generate five volis of drop. If more current is
demanded, the regulaters will simply maintain the five
volt drop, allowing the output collector voltages to col-
lapse, preventing excessive power digsipation in the
amglifier componenis. The dc offset is fed as a cur-
rent from the froent panel control fo the output
amplifier summing mode.

4,213 Sync Amplifier/Square Amplifier

The side of the hysteresis switch fmain board sche-
matic, sheet 2} not used to drive the current switch
has an inverted sguare signal which is used to drive
an emitter coupled pair, Q16 and Q23. The collector
output of 023 is biased to provide a TTL level output.
The sync out signal is connected to the front panel
gsync out {(TTL} BNC with a coaxia!l cable.

Next to the sync amplifier, & similar emitier coupled
pair, Q57 and QS8, is connected to the same input
and biased to output a bipolar square wave o the
function switch when square or pulse functions are
selected. tn other functions, emitter bias is reversed
50 that the square function remains confined to the
hysieresis switch area.

4.2.14 Trigger Signal Limiter

Either an external signal or the modulator function are
selected by the generator mode switch (auxiliary

48
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generator schematic) and sumrmed through R50 and
R51 with the trigger level control. That portior of the
trigger signal more positive than the trigger level is
clipped by forward biasing CR1; the negative portion
is clipped by CR2. While CR1 is on, Q1 conducts and
Q3 switches off 10 a TTL low level, While CR2 is on, Q1
is off and Q3 saturates to a TTL high level. R57 and
R38 provide hysteresis to ensure g clean square wave
output.

4.2.15 Trigger LogiciTrigger Amplifier

In continuous mode the continucus control line is low
and U13-8 (main board schermatic, sheet 2) holds the
trigger flip-flop (U12) cleared. U12-3 is low, which is
sent by emitter foltower Q27 {0 a diode "AND™'. A low
is sensed at R158, the trigger amplifier inverting input.
The closed loop gain of the trigger ampiifier is set by
the ratio of R173 to R158. The trigger amplifier Gut-
puts a +1.510 +2 Vdc to reverse biag the start/stop
diode CR27 above the most positive charge on the in-
tegrating capacitor. -

In trigger mocdle, both control lines are high, and 113
produces a narrow negative pulse, corresponding to a
high 1o low transilion of the signal limiter cutput, 1o
clear U12. In the absence of a trigger stimulus, U12 is
clocked by the negative-going edge of the current
switch square transiated by Q26 to TTL levels. U12-3
goes high and the {rigger amplifier goes to a low level,
forward biasing CR27 which sinks the YCG current
source away from the integrating capacitor. The
charge |evel on the integrating capacitor is held at the
voltage drop across CRZ7 above the trigger amplifier
output. Compensation current enters the trigger
amplifier summing node through R155 o push its out-
put voltage down exactly the same as the drop across
CR27 at a particular magnitude of integrating current,
The 0 Vvdc trigger baseline may be modified with R4,
the front panel start/stop control. Whenever a trigger
is received, U13 is cleared and the trigger amplifier
Qutput goes high, allowing the integrating capacitor to
charge. At the positive triangle peak, the hysteresis
switch goes to a negative ievel and the negative-going
friangle slope is generated. The high-to-low hysteresis
transftion clocks U12-3 high, but the negative portion
of the square is also fed into the diode “AND" at
CR20 which holds the trigger amplifier output high un-
tit the completion of the negative-going stope of the
triangle. When the hysteresis switch returns to
positive, the trigger amplifier returns te its low output,
anag the integrating capacitor charges until CR27 for-
ward biases again. The integrating capacitor is again
heid at the trigger baseline ievel.



In gate mode, the gated control line is low and U13
produces a negative pulse of the sarne duration as the
signal limiter output. Thug, U12 is held cleared, the
signa! at CR24 is held low, and the trigger amplifier
output is held high for the trigger duration. The jast
triangle cycle started is compieted through the action
explained in trigger mode,

4.2.16 Baseline Compensation

CR2 {main board schematic, sheet 1} is in series with
the current supplied by the VCG current source, U9-3
is connected o CR2 anode and, since it is a voltags
follower, it will have the same potential at its pin B.
U10-3 is connecied to CR2 cathode and will reguiate
the current through Q7 to make the same potential at
its pin 2; therefore, R64 wili have the same voltage
across it as the drop across CRZ. The current leaving
Q7 enters the trigger amplifier summing node, and
becoimes & voliags oiffset egual 1o the diop &Cr0ss
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CR2, because R64 and the feedback resistor for the
trigger amplifier have the same value. Since CR2 and
the startfstop diode are matched and carry equal cur-
rents, the trigger basealine will be stable with varying
VCG inputs.

4.2.17 Moduiation Generator and Ramp Generator

The function generator used as a moduiation source
in the instrument is the Intersil 8038 (U2 on the auxil-
iary generator board schematic). It is fitted with an
auxiliary eurrent balancing circuit {U1) to extend its
useful dynamic range. The ramp output which is not
built into the chip is developed by amplitude
modulating the triangle function with the square func-
tion in a balanced modulator (US). The outpul signals
(™. N, L, 1, NN are selected in a
function selector switch and fed to the modulation
switches where modulation type is selecied. The
ramp signals have a fundamental freguency of two
iimes that of the oiher wavelorms.
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5.1 FACTORY REPAIR

Wavetek maintains a factory repair department for
those customers nol possessing the necessary per-
sonnel or test equipment to maintain the instrument.
an instrument is returned to the factory for calibration
or repair, a detailed description of the specific
problem should be attached to minimize turnaround
fime.

5.2 REQUIRED TEST EQUIPMENT

Voltreter . Millivolt dc measurement (0.1 % accuracy)
Oscilioscope, Dual Channet . . .. 200 MHz bandwidth
Counter ... ... .. .... 20 MHz (0.01% accuracy}
504 Feedthru . ... ... .. .. +0.1% accuracy, 2w
Distortion Analyzer ... ... .. ... .. .. To 200 kHz
RG58U Coax Cable . . . 31t length BNC male contacts
BENCTee .. ........ .. 1male, 2 female connectors

5.3 REMOVING GENERATOR COVERS

1. Invert the instrument and remove the four
screws in the bottom cover. Remove the bottom
cover ang the four screws in the prinied circuit
board that attaches the top cover. Replace the
bottom cover.

2. Turn the instrument upright; remove the top
cover for access to power supply and moduia-
tion generator calibration points.

3. For access to main generator calibration points,
replace the top cover, invert the insirument and
remove the bottom cover,
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SECTION 5

CALIBRATION

4. When calibration is compiete, secure the iop
cover with four screws Defore securing ihe
bottom cover,

NOTE

Remove the covers only when it is neces-
sary to make adjustments or measurements.

5.4 CALIBRATION

After referring to the following preliminary data, per-
form calibration, as necessary, per table b-1. f per-
forming partial calibration, check previous settings
and adjustments for applicability. See figures 5-1 and
5-2 for calibration peoint location.

1. All measurements made at the FUNCTION QUT
connector must be lerminated inio a 500
(+0.1%) load.

2. Start the calibration by connesting the unit {o an
ac source and setting the front panel switches
as follows,

Set all outer controls to the openmarker positicn.

Frequency Dial ... ... ... ... .. .. .. .. 2.0
MODULATION Switches ... ... ... .. .. QFF
SYMMETRY .. .. ... .. OFF
DCOFFSET ... .. ... . . ... . . ... ... .. OFF
TRIG START/STORP .. ... ... ... .. .. 0° CAL

All other inner controls . . .

3. Allow the unit io warm up at least 30 minutes for
final calibration. Keep the instrument covers on
to maintain heat. Remove covers only 1o make
adjustments or measurements.
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Table 5-1. Model 148 Alignment

Test -
Step| Check Tester | Point Control Setting | Adjust Result Remark
1 Power o] C26+ Paragraph 5.4, step 2 + 26V +1.2v Verify See figure 55 tor
Supply Valtrmeter iocations
2 Regulators c28 - —2BY x1.2v
3 Caz+ Re4 + 15V 30 mVy
4 Cid- R70 — 15V 30 mv
NOTE: Steps 5 through 17 are modulation generator adiustments (see figure 5-5)
5 | Top of Scale Scope Mod Gen FREQIPERIOD R48 100 kHz By scope face.
Freguency QuT MULT: 1KI1100K
FREQIPERIOD
YARIABLE: cw
4] Botiom at FREQIFERIOD R93 1 kHz
Scale VARIABLE: cow
Freguency
7 Hi Frag FUNCTION: .11 H14 Falling edges Trigger on negative going
Syrmetry FRECQYPERIOD coincide edge, not avto trigger. Display
MULT: 101K two cycles. Qut of adjustment
FREQPERICD 148 and adjusted scope will
YARIABLE: ow give double falling edges on
each ramp.
8 Lo Fregq FREQPERIOD A7 Steps 7 and 8 interacr; repaat
Symmetry YARIABLE: cow if necessary.
9 Lo Freqg, FREQPERIOD R75
Hi Range MULT- 1K1100K
Symmetry
10 | Top of Scale Counter FREQ VARIABLE: cw R48 100 kHz
Frequency FUNGCTION: T
11 Bottom of FREGWPERIOD R93 1 kHz
Scale VARIABLE: cow
Freguency
12 | A\ Zero DC FUNCTION: v R34 DY %10 mv
Adjustment Vottreter FREQ/PERIOD
MULT: 101K
FREQIPERIOD
VARIABLE; cw
13 | T zere FUNCTION: M R33
Adjustment
14 Ny Dis- Distartion FUNCTION: 7\, R11. Minimm 0.5% typical.
torfion Analyzer R12 distortion
15 Ramp Gain Scope FUNCTION: .~1-1 R46 Slopes coincice Trigger on negative going
edge, not auts trigger. Display
twa cycles. Out of adjustment
148 and adjusted scope wil
give double rising edges on
gach ramp.
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Tabie 5-1. Mode! 148 Alignment {(Continued)

"Test
Step{ Check Tester | Point Control Seiting ;| Adjust Result Remark
16 Ramp Scope Mod Gen | FUNCTION: P~ R30 Remove + error | Steps 15 and 16 interact;
Balance ouT repeat if necessary.
17 Ramp Zero A81 Negative peaks
an Q Vde
WOTE: Steps 18 through 34 are main generaior adjusiments (see figure 5-4).
18 Top of Dial Scope |FUNCTION | Paragraph 5.4, step 2 R36 Equalize + and
Symmetry QuT — half cycles
(terminate
19 1000:1 with 506} Dial: .02 RZ3
Symmetry FREQ MULT: 100K
Adjust FREQ VER-
NIER for 200 Hz
20 VGG Nult FREQ VERNIER: cw B4 Minimum fre- Set scope for ane or two
Pt EXT quency shift sycles. Ohzerve shiftintrailing
edge of cycle as EXT MOD
_BNC is ahernately shorted
and opened. Disregard [itter in
cycle midpaint.
21 Distortion Distortion Dial: 2.0 R87, Minimum 0.15% typical.
Analyzer FREQ MULT: 1K R90 Distortion
FUNCTION: 7\,
FM: OFF
2z Top of Bial Counter FREC MULT: 10K R10 20 kHz 1 necessary, trim freguency
Freguency with:
23 100:1 Dial: .02 R8 200 Hz
Frequency
24 ¥ 10 MH:z Dial: 2.0 Ce8 20 MHz cizv
Frequency FREC MULT: 10M
25 21 MHz FREQ MULT: 1M ci125 2 MHz C133
Frequency
26 * 100K FREC MULT: 100K ce2 200 kHz C126
Frequency
27 | Capacitance Do TF1 FREGQ MULT: 1K A56 OVde 1 my TP2 ground.
Multiphier Volimeter
Zero
28 | Capacitance Counter jFUNCTICN | FREQ MULT: 10 R5Y Period of 0.05s
Multiplier QuT
Fraguency {terminate
with 500)
29 Qutpuy oo FUNCTION: DC R347 0 Vde =20 mV
Ampilifier Voltmetar AMPLITUDE: cow
Zero FREQ MULT: 100K
30 Garrier Scope FUNCTION: M, R226 See figure 5-2. | Connect modulater QUT
Balance AMPLITUDE: cw (600D to EXT MOD IN. Set
Modulator scope display per figure 5-1.
FUNCTION: /N
AM: EXT
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_Tabie 5-1. Model 148 Atignment (Continued)

Tast-
Step | Check Tester | Point Contro! Setting ; Adjust Result Remark
3 Modulation Scope | FUNCTION | Modukator FUNC- R210 See figure 5-3,
Balance ouT TION: A, and A,
{terminate
with 500
32 Multiplier DC FUNCTION: N\, R218 0Vdc +20 mV
Zero Voltmeter AM: OFF
33 Multiptier Scops R324 15V pp Sync scope 10 INT, Steps 29
Gain through 33 interact; repeat if
Recessary.
34 Baseline Mode: INT TRIG Ri5g O Vde £100 my
Zero
NOTE: Replace cover and allow the 748 to warm up for 32 howr before proceeding o step 35.
35 Overshoot Scope | FUNCTION | Mode: CONT C130, Best wavelorm
& Ringing ouT FUNECTION: M| R343
{terminate | FREQ MULT: 1M
with 500

Adjust scope for internal trigger-
ing on aiternate cycles to
display unbalance in sup-
pressed carrier envelope.

Figure 5-1. Suppressed Carrier
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Wavetek maintains a factory repair department for
those customers not possessing the necessary per-
sonnel or test equipment to maintain the instrument. If

an instrument is returned o the factory for calibration
" or repair, a detailed description of the specific prob-
lem should be attached to minimize turnaround fime.

6.2 TROUBLESHOOTING TABLES

Table §-1 gives an index of the troubleshooting tables
by indications of commaon problems. The tables do not
cover every possibie trouble, but, when used in con-
junction with circuit descriptions and schematics, will
be an aid in systematically isolating faulty components.

6.3 TROUBLESHCOTING INDIVIDUAL
COMPONENTS

6.3.1 Transistor

1. A transistor is defective if more than one volt is

measured across its base-emitter junction in the
forward direction.

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

3. | the collector and emitter voltages are the
same, but the base emitier voltage is less than
500 mV forward voltage {or reversed biasg), the
transistor is defective.

4. A iransistor is defective if its base current is
larger than 10% of its emitter current {calculate
currents from voltage across the base and ermit-
ter series resistors).

& In a transistor differential pair {common emitter
stages), either their bage voltages are the same
in normal operating condition, or the one with
less forward voltage across its base emitter

ManualsPlus.com

SECTION
TROUBLESHOOTING

junction shouid be off {no coliector current);
otherwise, one of the transistors is defective.

Table 6-1. Fauit Isolaiion

indication Table

10.

11.

12.

13.

14.

Fuse blows, no dial lamp, or no oufputs. | 6-2
Main generator has no function output. | 8-3
Main generator waveforms offset or
clipped, overload indicator on, orfunction
outputs migsing when TTL sync output OK. | 6-4

Main generator waveforms distorted. | 6-5

Main generator sine and triangle wave-
form problem. &-6

Main generator square and pulse wave-
forms bad, sine and triangie OK. B-7

Main generator sync out probiem. 68

Main generator frequency does not
respond carrectly to dial and FM modu-

lation. 3]
Main generalor fixed symmetryprotlem. | 6-10
Main generator wvariable symmetry
prablem. 6-11
Main generator problem in bottom four
frequency ranges only. 612
Main generator trigger and gate problem,

EXT and INT. 6-13
Modutaiion generator OUT (800%Q) bad. | 6-14
Modulafion problem: AM, FM, PM. 6-15

6-1



6.3.2 Diode

A diode is defective if there is greater than cne volt
{typically 0.7 voit} forward voliage across it.

6.3.3 Operational Amplifier
1. The “+'" and " -"" inputs of an operational
amplifier will have less than 15 mV voitage dif-
ference when operating under normal conditions.

2. When the ouiput of the amplifier is connected 1o
the ** — " input {voltage follower connection), the
output should be the same voltage as the '+ "
input voltage; ctherwise, the operational ampli-
fier is defective.

3. H the output voltage stays at maximum positive,
the *' + ' input voltage should be more positive
than the '* — " input voltage, or vice versa; other-
wise, the aperational amplifier (s defactive.

6.3.4 FET Transistor

1. No gate current should be drawn by the gate of
an FET transistor. If 50, the transistor is defective.

2. The gate-to-source voltage is always reverse
biased under a normal operating condition;
e.g., the source voltage is more positive than the
gate voitage for 2N5485, and the source voltage
is more negative than gate voltage for a 2N5482.
{Otherwise, the FET is defective,

3. If the device supplying gate voltage to an FET
saturates, the FET has oo large a Vgs (pinch off)
for the circuit and shouid be replaced.

6.3.5 Capacitor

1. Shorted capacitors have zero volls across their
terminals,

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

6.4 GENERAL INSTRUCTIONS

When encountering a prablem, it is advisable to return
as many of the front panel controls as possible to their
initial settings and still retain the problem. The trouble-

6-2
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shooting tables in this section generally begin at these
initial settings and specity all subseguent setups.
Preset the front panei controls as follows.

Control Position
Frequency Diat ............. . . . . .. 2.0
FREQ MULT {main} . ... ... ... .. .. .. . .. 1K
VEBNIER . ... oW
SYMMETRY . ... ... ... .. QFF
DCOFFSET ... ... ... .. .. ... ... QFF
FUNCTION {mair) . . .. ... .. ... an
ATTENUATION .. .. .. ... ... 2010
AMPLITUDE . .. ... ... ...... o cw
FREQ/PERICD MULT {modulator) .......... 1011K
VARIABLE . . - N 1.
FUNCTION (modulator} ................... N
AMPLITUDE (modulator) ... ... . ... ... .. MAX
MODULATION Switches .. ..........._ OFF
Mode Switch ... ... ... .. ... L. CONT
TRIGGER LEVEL ... .. . . . MIN

CAUTION

To prevent damage to components, turn
unit off while removing or replacing
componsenis, connectors or pc boards.

The suspected malfunctioning condition should be
doubie checked to eliminate the possibility of improper
settings or conneciions. Before attempting fault isola-
tion, the unit should be checked for proper line
voltage selection {refer to section 2) and that the
power suppies are correct up to the main generator
board. A good visual inspection of the boards anag
chassis wires for damage or overheating often saves
much time.

Once the malfunction is defined, begin the isolation
procedure 9y selecting an indication in tabie 8-
which best describes the malfunction and proceed to
the referenced troubleshooting table. Check points
and circuitry mentioned in the tables will either be ob-
viously restricted to one of the two genarator hoards,
or the board will be named.

Foliow through the checksin thetroubleshooting table,
using schematics and agsembiies as a guide, When
positive resulls are not obtained, perform the in-
dicated corrective procedure.
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Table 6-2. Power Supplies

Indication: Fuse Blows, no dial famp, or no oufputs.

Check

Corrective Procedure

Check that fuse is good. Ensure line selector card in powser connector
maiches line voltage.

Turn unit off while remaving or replacing connectors. Remove P8, PY
molex connectors on auxiliary generator beard. Determine that fuse holds
un. Receonnect PE.

Remove P1, P2, P3, P4 connectors to regulators on rear panel. Check
+ endof C24 for + 28.0Vde + 10% and — end of C21 for — 26.5Vdc+ 10%.

Reconnect P7. Check + end of C22 for +40.5 vde £10% and — end of
Ce3 for —405 vde +10%.

Disconnect P5 and reconnect P4 10 VR4 (7824). Check + end of C26 for
+ 26 Vdco £5%.
Reconnect P1 10 VR1 (7924). Check — end of C29 for — 26 Vd¢ = 5%.

Reconnect P3 1o VR3 (7812). Check + end of C33 for + 15 Vdc.

Reconnect P2 to VR2 {7912). Check — end of C34 for — 15 Vdc.

Reconnect P5. Check the 1‘- 26 Vdc and +15 Vdc suppiies.

Replace fuse; check for nor-
mal operation.

a. Power connector.
b. Primary wiring.
¢. Transformer.

a. CR8 - CR11.
b. C21, C24.
¢. Transtormer secondary.

a. CR4 - CR7.
b. C22, C23.
¢. Transtormer secondary.

VR4 circuit.

VR cirguit.

a. R64 adjustment.

b. VR3, U7 circuit.

¢. Excessive loading by aux-
itiary generator board.
Look for overheated com-
ponents and use jumpers
to aid in isolation.

. R70 adjustment.

. WR2, U7 circuit,

c. Excessive loading by aux-
iliary generator board.
ook for overheated com-
ponenis and use jumpers
to aid in isolation.

o ®m

Excessive loading by main
generator board. Look for
overheated components.
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Table 6-3. Function Genarator Loop
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indication: Main generaior has no function oufput.

Check

Corrective Procedure

Set all controls in their initial positions (refer to paragraph 6.4).

2. Check TP3 for a *1.25V, 2 kHz triangle. If good, proceed to table 6-4.
3. Check J5-13 for +15 Vde, J5-5 for —15 Vde, J5-3 for + 26 Vdo, and | Table &-2.
J5-1 for — 26 Vde.
4. Check cathode CR27 for approximately +1.25 Vde. Check CR27. Table 6-13.
5. Check U5-2 for +10 Vdc and U8-2 for — 10 Vdc. Use oscilioscope and | Table 6-¢.
high impedance probe with dial at 2.0.
6. Check for same dc level at FB1 and TP3, limited by saturation of triangle | Troubleshoot triangle ampli-
amplifier. fier.
7. Check for + or —2.5 Vdc at the junction of CR17 and CR18, with the | a. CRS, CR7.
opposite polarity of the voltage at TP3. k. U14 circuitry.
c. Current switch circuit.
d. Q28, CR19.
8. Check that voltages at cathode CR13 and anode CR16 are the same as | a. Current switch circuit.
voltages at junction of CR17 and CR18. b. Q28 CR1%.
8. Check diodes CR13 - CR18. Replace faulty diode.
10. Lift one end of R74 (109) so that a *1.25V, 2 kHz triangular waveform | Troubleshoot triangie ampdki-
trom an external source can be injected into the triangle amplifier. Check | fier.
TP3 for a +1.25V triangle.
11, Adjust amplitude and offset of external signal slightly until @ +2V square | Troubleshoot the hysteresis
appears at junction CR17, CR18. switch.
12. Check for =2V square at cathode CR13 and anode CR16. Remove | a. Current switch.
external signal and replace R74. b. Q26, CR19.
Table &-4. OQutput Amplifier
Indication: Main generator waveforms offset or clipped, overioad indicator on, or function outputs missing
when TTL sync output OK,
Check Corrective Procedure
1. Set ail controls in their initial positions (refer to paragraph 6.4).
2. Check TP7 for function waveforms at 2.0V peak ampifiude from ground. Table B-5.

6-4
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Table 6-4. Output Amplifier {Continued)

Indication: Main generafo.r waveforms offset or chipped, overfoad indicator on, or function outputs missing

when TTL sync output OK.

Check

Comrective Procedure

Check J5-3 for + 26 Vdc =5% and J5-1 for — 26 Vdc £5%.

Check for «5 Vdc across R297 and R295.

Check waveforms at TP8.

Check attenuator swiiches and coax J4 io J6.

Table 6-2.

a. 5 Vdc indicates 54 and
Q55 shorted.
b. =5 Vdo indicates VRZ,

VR3 also failed.

Troubleshoot output amplifier
and dc offset circuitry.

Table 6-56. Waveform Generation

Indication: Main generator waveforms distorted.

Check

Corrective Procedure

Set all controls at their initial positions (reler to paragraph 6.4).

Check =1.25V, 2 kHz triangle at TP4.

Check 2.5V square at collector Q57, offset by — 1.75V.

Check all waveforms at the junction of R221 and R222. Amplitudes should
be +0.15V for bipelar waveforms.

Check TP6 for — 5.6 Vdc.

Check waveforms at emitter Q50 for 0.20V peak amplitude around
+ 13 vdc.

Check TPT for + 2.0V wavetorms with no significant offsetf.

Go to table 6-4.

Table 6-6.

Table 6-7.

a. SW4-AB.C.D.

b. CR28 - CR37 signat shaper

circuitry.

U8 circuit on auxiliary gener-
ator board.

a. Calibration of R210, R218,
R226, R324.
b. U15, Q50, Q52 circuit.

Finat preamplifier Q39 - Q42.

65



Table 6-6. Triangle Amplifiers
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indication: Main generator sine and triangle waveform problem.

Check

Corrective Procedurs

Set all controls in their initial positions (refer to paragraph 6.4).

2. Check triangle at FB1 with oscilloscope and high impedance probe. I
waveform has a problem here (especially at lowered dial settings), yet has
na significant offset and is identical to waveform at TP3, go to table 610,
siep 14. '
3. Check if wavelorm at TP3 is identical to wavelorm at FB1. Troubleshaot triangle ampli-
fier Q5 - Q1.
4. Check for an amplitude of +1.25V at TP3. a. R83, R84, R87 - RBD, CRE,
CR7.
b. U14 gircuit,
5. Waveform at TP4 should be identical to waveiorm at TP3. Troubleshoot triangie buffer
circuitry Q17 - Q22.
8. Verify that square disable signal is defeating square at collector Q57 when SW4-B.
function selector is in dc, sine and triangle.
7. Go to table 6-5.
Table 6-7. Square Wave Generation
Indication: Main generator square and pulse waveforms bad, sine and triangle OK.
Check Corrective Procedure
1. Set all controis in their initial positions (refer to paragraph &.4).
2. Check base of Q58 for a 2.5V square wave, offset by — 1.75V. 14, @15, CRS, CRS.
3. Verfty square cisable signat at R151 is not grounded. SW4-8,
4. Check coliector Q57 for a =1.0V sguare. 57, Q5B circuit.
5. Go fo table 6-5.
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Table B-8. Sync Circuits

indication: Main genera:br sync ouf problem.

Check

Corractive Procedure

Set all controts in thelir initial positions (refer to paragraph 6.4).
Check base of Q16 for a 2.5V square wave, offset by —1.75V.
Check coilector Q23 for a TTL level square.

Check wiring J3 1o J5.

Ui4, Q15, CR8, CR9.

Q18, Q23 circuit,

Tahle 6-8, VCG Summing Amplifier

Indication: Main generator frequency does not respond correctly to dial and FM modulation.

Check

Corrective Procedure

Set all controlg in their initial positions (refer to paragraph 6.4).
Check for +15 Vdc at J5-13 and — 15 Vdc at J5-5.

Check for approximately + 15 Vde to + 150 mV dc at J1-2 as dial is rotated
from 2.0 to .02,

Check for 0 Vdc =5 mV at U1-2 as dial is rotated. Use oscilloscope and
Righ.impedance probe for this and cther VCG measurements.

Check tfor approximately — 5 to 0 Vdc at anode of CR1 as dial is rotated
from 2.0 to .02

Proceed to table 6-10.

Table g-2.

a. Wiring J1 to dial.
b. Dial potentiometer R1.

U1 circuit.

U1 circuit.

Table 6-10. VCG Cument Sources

Indication: Main generator fixed symmetry problem.

Check

Carrective Procedure

Set all controls in their initial positions (refer tc paragraph 8.4).

Ensure anode of CR1 does not attempt to go positive with dial at .02 and
frequency vernier cow, Use oscilloscope and high impedance probe for
this and other YCG measurements.

Check U4-2 for — 5 to 0 Vdc as dial is rotated from 2.0 to .02,

Check U3-2 for — 2.5 to 0 Vde as dial is rotated from 2.0 to .02.

Check U2-2 for 0 Vdc as dial is rotated.

a. Calibration of B8 and R14.
b. U1 input offsel.

U4, Q2.

3.

uz, Of1.
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Table 6-10. VCG Current Sources (Continued)

indication: Main generator fixed symmetry problem.

Check

Corrective Procedure

10.

11,

12.

13.

14,

15.

16.

17,

Ensure gate voitage of Q1 and Q2 are not saturating and that there is no
voltage across R25 and R27 as dial is rotated to .02 with freguency ver-
nier ccw.

Check U5-3 for +10to + 15 Vdc and UB-3 for — 1010 — 15 Vdc as dial is
rotated from 2.0 to .02,

Check J5-3 for +26 Vde £5% and J5-1 for — 28 Vde £35%.

Check US-2 for + 10 to + 15 Vdc as dial is rotated from 2.0 to .02,
Check UB-2 for — 10 to — 15 Vdc as dial is rotated from 2.0 {0 .02.
Ensure gate voltages of Q4 and Q5 are not saturating and that there is no
voltage across R42 and R44 as dial is rotated to .02 with frequency ver-
nier cow.

Verify operation of 83W1-C,D on upper four frequency ranges.

VCG cirouit is good; investigate triangle waveshape as a source of sym-
metry problem. If triangle has sighificantly different waveshape and/or dc

offset at TP3 ag it does at FB1, go {0 tabie 6-6, step 3.

Check if problem is cleared up by lifting out of circuit one end of CR27.

Determine if triangle is nonlinear on a particular frequency range.

Determing if triangle is nonlinear toward the bottom of all frequencyranges.

If triangle is discontinuous at the peaks, the current switch may be oper-
ating significantly off from =2V levels, or it may be switching slowly.

a. A23 adjustment.
b. Q1, Q2.
c. Uz - U4 input offset,

a. R36 adjustment.
b. U5, Ug input bias.
c. SW2 not closed.

Table §-2.
Q3, Q4, Us,
Q5, Q6, CR2, U6.

a. 04, Q5.
b. Loading from U9, U1Q.

a. CR27 leaking.
b. CR27 not revarse biased;
go to table 6-13.

C61 - CB5, C125, C126, G133
leaky.

C32, C34, Ca7, Ca8, G127,
Q8, CR13 - CR16 leaky.

a. Hysteresis switch.
b .Current switch.

c. CR18, Q286.

d. CR6E - CR9.

5-8
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Table 6-11. VCG Amplifiers

indication: Main generdior variable symmetry problem.

Check

Corrective Procedure

Verify checks in {abie 8-10, steps 1 through 6.

2. Set SYMMETRY control to midposition. Verify function output is roughly | a. R2, SW2 control.
symmetrical and has a frequency of approximately 200 Hz. b. Wiring to E21, E22.
2. Check that waveform symmaetry varies from sboroximately 1:19 to 191 a. Value of B2 with trim i5 00
as the SYMMETRY control is rotated. far from optimum value of
45K,
b. Q1, Q2.
4. SYMMETRY control is OK.
Table 6-12. Capacitance Multiplier
indication: Main generator probiem in botfom four frequency ranges only.
Check Corrective Procedure
1. Set all controls in their initial positions {refer 10 paragraph 6.4).
2. Check U7-3 and U8-3 for 0 Vde. a. SWi-B.
b, U7, U8B input bias.
3. Check U7-8 for 0 Vde =100 mv. U7 circuit,
4. Check Ug6 for 0 Vde 1 mV. a. R56 adjustment.
b. U8 circuit.
E. Set frequency multinlier o x 10, Verify that U7-6 amplifiss the signa! at | a. U7 cirguit,
U7-3 within saturation limits. b. SW1-B.
&. Check U8-8 for a composite square-triangle waveform whose sguare | a. U8, SW1-A circuit.
component is reduced as the dial setting is reduced. Check for high | b. C26.
frequency oscillations. c. C29,
7. Check finearity of & 1.25V triangle at FB1. a U7, u8a.
b. C26.
8. Check frequency accuracy, a. R51 adjustment.
b RS8, SW1-A
c. C26,
d. RG2, R63.
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Table 6-12. Capacitance Multiplier (Continued)

Indication: Maingenerator problem in bottom faur frequency ranges only.

Check Corrective Procedure

. R53 - RB1, SW1-A,

G286 U7, U8,

c. Extremely small drain on
integrating current; refer
o table 6-10, steps 13

9. Check frequency agreement of lowest three ranges with x 10.

o W

through 17.
0. Verify symmetry at .1 on dial on X 10 range. a. R56 adjustment.
b. U8 circuit,
Table 6-13. Trigger Circuitry
Indication: Main generator trigger and gate probiem, EXT and INT.
Check Corrective Procedure

—

Set all controls in their initial positions (refer t6 paragraph &.4).

2. Go to external gate mode and triangle function on main generator. The
following measurements should be taken with a scope and high tmpedance
probe. Unless otherwise indicated, reference designations used apply to
the main generator board.

3. Check TRIG OUT signal at J5-9 for a TTL high to low transition as TRIGGER | Q1 - Q3 circuit on auxitiary
LEVEL control is brought cw through midposition. generator board.
4. Check U13-14 for +5 Vdc £5%. VR1.

5. Check U13-8 for a TTL high 1o low transition as TRIGGER LEVEL controlis | =z. U133,
brought cw through midposition. Check U13-B for a TTL high when in ex- | b. SW1-A on auxiliary gener-
ternal trigger mode and a TTL low when in continuous mode. Leave in con- ator board.
Iinuous mode,

6. Check U12-3 for a TTL iow. Uiz

7. Check CR21 cathode for approximately — 0.25 Vdc. a. 27, CR20 - CR25,
b. U9, U10, Q7, CRe.
c. Q28 - Q32 amplifier.

8. Check cathoge CR27 for + 1.25 Vdc. a. A159 adjustment.
b. U8, U109, Q7, CR2,
c. Q28 - 32 amplifier.

8. Ensure £1.25Y triangle at TP3. a. CR27.
b. Table 6-3.

6-10
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Table 6-13. Trigger Circuitry (Continued)

fndication: Main generator trigger and gate problem, EXT and INT.

Check

Corrective Procedure

10.

Go to external gate mode and verify £ 1.25Y triangle at TP3 with TRIGGER
LEVEL control ow. With TRIGGER LEVEL control cow, CR27 should have
— 0.7 vdc on its cathode and TP3 should be near 0 vde.

a. R158 adjustment.
b. Q28 - Q32 amplifier.
c. Q26, U12.

d. U9, U10, Q7, CR2.

11. TP32 should remain near § Vde as dial is rotated 1o .02 and back 10 2.0, Ug, uia, Q7, CR2,
12. Rotate TRIG START/STOP control cw. TP3 should immediately go to R4-SW86 control.
—1.25 Vdg, then maove positive to near +1.25 Vdc, where the +1.25V
triangle will appear. Return control to 0° CAL.
13. Set main generator to 2 MHz frequency and external trigger mode. Apply | a. J1 toJ12 wiringonauxiliary
an approximate 1 MHz square from an external generator {o the EXT TRIG generator board.
IN connector. Check that as TRIGGER LEVEL controt is brought to mid- | b, SW1-A,B on auxiliary gen-
position, an approximate 20 ns negative pulse appears at U13-8 following efator board.
the positive-going edge of the external square. c. Q1 - Q3 circuit on auxiliary
generator board.
d. U13, C74.
14. Check function output for one iriangie cycle followed by a 0 Vde baseline | a. Q28 - Q32 amplifier.
tor each externally triggered cycle. b. Q26, Q27 circuits.
15. Remove external generator, check modulator OUT (600 for 2 10V p-p | Table 6-14.
{open circuit), 1 kHz sine.
18. Set modulation generator for a 100 kHz triangle and select internal trigger | a. SW1-B on auxiliary gener-
mode. Connect scope to display both the modulator output and function ator board.
output. Check for proper triggering of the function cutput alongthe positive- | . R1, CR1, CR2 on auxiliary
going slope of the modulator triangle as trigger level is adjusted. generator board,
17. Go tointernal gate mode and check for proper gating action as TRIGGER | SW1-B on auxiliary gener-
LEVEL control is rotaied. erator board,
Tabie 6-14. Modulation Generaior
Indication: Modwlation generator QUT (6000) bad.
Check Carrective Procedure
1. 8et all centrols in their initial positions (refer to paragraph 6.4).
2. Check that main genetator is functioning properly. tndicated table.
3. The following checks should be taken on the auxiliary generator board R&, U1 circuit.

with an oscilloscope and high impedance probe. Chack that U1-7 varies
from -3 to 0 Vdc as medulation freqguency VARIABLE is rotated from
maximum to minimum.
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- Table 6-14. Modulation Generater (Continued)

Indication: Modulation generator QUT (60081) bad.

Check Carrective Procedure
4. Ensure U1-7 varies with & signal appiied to modulator FM IN cennector. J3 to J10 wiring.
Remove signal.
5. Check that Ui-1 varies from — 3,25 to 0 Vdc as frequency VARIABLE is | a. U1 circuit.
rotated from rmaximum to minimum. b. U2 circuit.
6. Check U2-2,3,9 for —5.8 to —8.8V sine, —4.8 to —9.6V triangle, and | U2 c¢ircuit.
- 8.6 t0 — 14,4V sguare.
7. Check modulation OUT {8002} for =5V {open circuit) sine, friangle and | a. SW5-C.
square, b. U3 circuit.
C. J8 1o J4 wiring.
8. Check modulation frequency multiplier switch frequencies and 1001 a. SWE-A,
VARIABLE control. b. C1 - C4, U2,
9. Check modulation sweep functions for + 5V peak at twice modulation | a. R30, R33, R46, R81 adjust-
frequency. ments,
b. U5, U6 circuits.
c. SW5-AB.
Table 6-15. AM, FM, PM Clrcuits
Indication: Moduiation problem: AM. FM, PM.
Check Corrective Procedure
1. Set all controls in their initial positions (refer to paragraph 6.4},
2. Check modulater OUT (6000} for 5V peak {open circuit) on a!l modutator | Table 6-14.
waveforms.
3. Check U4-6 on auxiliary generator board for same waveforms, variable | U4 circuii or RS on auxiliary
with modulation amplitude control. generator hoard.
4. Check TP6 on main generator for — 5.6 Vdlc. U8 circuit on auxiliary gener-
ator board,
5. Set main generator for a 200 kHz sine and the modulator for an approxi- | a. UB circuit on auxiliary
mate 1 kHz sine. Set the AM MCDULATION switch to internal. Check TP8 generator board.
on the main generator board for an amplitude variable 1 kHz sine offset | b. SW2 on auxiliary gener-
around — 4.1 vdc. ator hoard.
6. Check function output for 0 to 100% AM, variable with modulation ampl- | a. R212, R218, R226., R324

812

tude control.
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ator board.
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Table 6-15. AM, FM, PM Circuits {Continued)

indication: Modulation problem: AM, FM, PM.

Check

Caorrective Procedure

10.

11.

12.

Set AM switch to external and connect modulator OUT (6008 to EXT MOD
IN.Check TP8 onmaingeneratorfora 1 kHz + 3.0V sine, offsetby — 3.0 Vdc.

Check function output for suppressed carrier modulation signal.

Set AM switch to OFF. Leave modulator OUT (6008) connected to EXT
MOD IN. Set modulator amplitude to maximum.

Verify that n’iain generator frequency follows dial settings.

Set modulator FUNGTION ta positive-going ramp, modulator frequency to
1110 Hz range, VARIABLE to midposition. Set main generator frequency
to .02 X 10 kHz. Check for a sweeping frequency at function cuiput with
FM switch in both INT and EXT.

Turn FM switch OFF. Set modulator for a 1 kHz sguare. Check for a dif-
ferentiated signal at the wiper of SW1-F on main generator board. The
signal should be present on upper six main generator freguency ranges
when the PM switch is in INT and EXT.

J2 to J11 wiring on SW2 on
auxiliary generator board.

U15 circuit on main generator
board.

Table 6-9.

SW3 on auxiliary generator
board.

a. SW4 on auxiliary gener-
ator board.

b. SW1-F, C3 - C7, C131 on
main generator board,
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7.1 DRAWINGS

The following assembly drawings {with parts lists) and
schematics are in the arrangement shown below.

7.2 ORDERING PARTS

When ordering spare paris, please specify part

number, circuit reierence, board, seriai number of

unit, and, if applicable, the function performead.

Drawing

Instrument Schematic
Chassis Assembly
Chassis Parts List

Main Boargd Schematic
Main Board Assembly
Main Board Parts List

Switch Agsemblies and Parts List

Auxiliary Generatar Board Schematic
Auxiliary Generator Board Assemnbly
Auxiliary Generator Board Paris List
Swilch Assemblies and Parts List

ManualsPlus.com

SECTION 7

PAHTS AND SCHEMATICS

7.3 ADDENDA

Under Wavetek's product improvement program, the
latest electronic designs and circuits are incorporated
info each Wavetek instrument as quickly as develop-
ment and testing permit. Because of the time needed
io compose and print instruction manuals, it is not
always possible to include the most recent changes in
the initial printing. Whenever this occurs, addendum
pages are prepared to summarize the changes made
and are inserted immediaieiy inside ihe rear cover, if
no such pages exist, the manual is correct as printed.

Drawing No.

0004-00-0137
0102-00-0655
1100-00-0655

0103-00-0654
0101-00-0654
1100-00-0654
1202-00-0039

0103-00-0653
0101-00-0653
1100-00-0653
1202-00-0040
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