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Figure i — Model 154 Programmable Waveform Generator

SCOPE OF THIS MANUAL

This manual provides descriptive material and instructions for the installation, operation,
maintenance, and repair of this instrument. Wavetei's product improvement program ensures that
the latest electronic developments are incorporated in ali Wavetek instruments by the addition
of circuit and component changes as rapidly as development and testing permit. Due to the time
required to document and print instruction manuals, it is not always possible to incorporate the
more recent changes in the released manual, In this case, data will be found on engineering change
sheets at the rear of the manual. I no change sheets are included, the manual is correct as printed.



1.1 GENERAL CAPABILITIES

The Model 154 Prograrnmable Waveform Generator is a pre-
ciston source of sine, square and triangle wavefarms covering
2 frequency range from 0.001 Hz to 10 MHz. in addition, a
calibrated, programmahle de voltage output is provided,
Amplitude, frequency and dc level may be digitaily pro-
grammed with three digit resclution. Amplitude, frequency
and dec level may also be modulated by an analog controt
voltage. The generator may he operated in continuous, trig-
gered or gated modes. All controls may be locally or re-
motely programmed. All programming is DTL/TTL com-
patible.

1.2 PHYSICAL AND ELECTRICAL SPECIFICATIONS
1.2.1 Versatility
Cutput Signals

DC voitage, Sine M, |, Square 7,
selectable, with auxiliary pulse putput.

and Triangle A,

Frequency Range
0.001 Hz to 10 MHz In 10 decade ranges, with 3 digit
resolution,

Main Output

DC voltage, 20.1 Vdc to 10 Vde at 100 mA maximum.
Qutputimpedance lessthan 12. N, , T, , A, ., 0001V
peak ta peak to 10 V peak to peak into 5082 load, Output
impedance B0SL. All waveforms may be offset 5 V above or
below ground level with 3 digit resolution and selectabie
pelarity. Signal level plus offset voltage not to exceed
125 V peak into bOLL toad,

Auxiliary Dutput
50% duty cycle pulse at generator frequency. Fixed ampli-
tude, O to +6 V peak into open circuit {010 3 V into 5082).

Operating Modes

Caontinuous, trigger, or gated mode, selectahle, The genera-
tar may be triggered ta produce single cycles by pushbutton
trigger or external trigger command. Any discrate number
of cycles will be produced by applying a gate signal for the
desired hurst width when in the gated mode. Minimum
valtage required for trigger = +3 V. 50 V can be applied
without damage.
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SECTION
INTRODUCTION

Analog Modulation Control

The frequency, amplitude and dc affset lavel of the genera-
tor can be indspendently coniralled by an external voltage.
The control can be de programming or widebang modulation,

1.2.2 Accuracy

Horizontal Precision
Frequency accuracy of the generator, whether programmed
manually with front panet switches or remotely by external
digital programming:
0.001 Hz to 100 kHz
100 kHz to 1 MHz

1 MHz 10 10 MHz

. 1(1% of setting +1 digit)
(1% of full scale}
2{2% of fuli scale)

Vertical Precision

N, and "L Waves
0.001 Hz i5 100 kHz
100 kHz to 1 MHz

1 MHz to 10 MHz

. *{1% of setting +1 digit)
(2% of setting +1 digit)
%{56% of setting +1 digit)

Ay Wave
0.001 Hz to 10 kHz . +{1% of setting +1 digit)

Vertical precision stated is for X1 amplitude multiplier,
For X0.1, X0.01 and X0.001 add 1% per step,

DC Voltage
£(1% of setting +1% of fuli scale).

DC Offset
*(1% of setting +1% of range).

1.2.3 Wavefarm Purity

Stability _
Short term . 10.05% far 10 minyutes
Longterm . 10.25% for 24 hours

Percentages apply to frequency, amplitude and dc offset
stability.,

Time Symmetry
1% to 500 khz.

Amplitsde Symmetry
All waveforms to 500 kHz are symmetricat about ground

within 1% of range maximum p-p amplitude.
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Sina Distortion

10 Hz to 100 kHz
0.001 Hz to 1 MHz .
1 MHz ¢ 10 MHz

Less than 0.5%
- .. Less than 1.0%
All harmonices at least —28 dB

Squara Wave

Auxiliary output better than 5 nanosecond rise and fall time
with less than 5% aberrations. Main autput better thart 35
nanasecond rise time with aberrations less than 5% 10 mV.

Triangle Linearity
Greater than 99%, 0.0T Hz to 100 kHz.

DC Voltage
Ripple and noise less than 10 mV rms with generator idle,

1.2.4 Analog Control Characteristics

Voitage Control of Frequency (VCGH

Uo to 100Q:1 frequency change with an external voltage
input of 5 volts, The upper frequency is limited to maxi-
mum of selected range. VUG input impedance 3.3 k{2,

VCG Response
Bandwidth 100 kHz limited by a slew rate of 2% of range
per micrasecond.

VCG Linearity
1.0 Hz to 100 kHz
0.001 Hz to 1 MHz .

. £0.2% of fuil scale
. 13.5% of full scale

Voltage Control of Amplitude (VCA}

Fuli amplitude control with an external voltage input of
15 volts, The control is bipolar, that is, the amplitude can be
contrelled from maximum through null ta range maximum
at inverted phase. VCA input impedance is 3.3 k2.

VCA Response
Bandwidth 100 kHz limited by a slew rate of 2% of range
per microsecond. .

VCA Linearity
1% of full scale,

Voltage Control of DC Offset

Ail waveforms may be offset ebave or below ground level
by an externai voiiage. Sensitivity af the signal is +2 or —2
volts offset per volt input dependent on dc polarity selected.
Input impedance is 3.3 k2. Signal level plus offset valtage
not 1o exceed 17.5 volts peak into 508} load.

DC Ofiset Response
Bandwidth 100 kHz limited by a slew rate of 2% of range
per microsecond.

DC Offset Linearity
1% of full scale.

1-2
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1.2.5 Environmental

Specifications apply at 25°C +5°C. For operation from 0°C
10 +50°C, derate all specifications by a factor of 2. Instru-
ment may be stored froem —50°C to +80°C without damage.

1.2.6 Mechanical

Dimensions .
19-inch rack mount panef, 3% inches high, 16% inches deep,

Weight
15 Ib. net, 24 lb, shipping.

Fower

105 ¥ 1o 125 V or 200 V to 250 V; 60 to 400 Hz; less than
45 watts.

NOTES

All specifications apply for control settings from
1.00 to 9.99.

On 7 MHz range anly X1 and X0.1 amplitude
settings apply.

1.3 PROGRAMMING

Description

Al functions may be remotely controlled by BCD logic
level programming. Front panel push button switches can
be used to select local (front panel) centrol or remote con-
trol. When all controls are in the remote position, a logic
voltage putput is enabled for computer verification as well
as illumination of a front panel light for visual verification,
Signal ground and program ground are isolated,

Program Requirements

Frequency . 3 digits . 12 linas
Freguency Range. 10 ranges 4 lines
Amplitude . 3 digits . 12 lines
Amplitude Range . 4 ranges . 2 lines
DC Level 3 digits . 12 lines
DC Polarity. 0, +or— . ., . . 2 lines
Functien SN, L. A orde 2lines
Mode . . . . . Cont Trig or Gate 2 lines
Output Front or rear panset , 1 line
Return e e e e e e 2 lines
Ail remote . Output for verification . 1 line
Totai No. of Lines for Complete Control . 52 lines

Program Transition Time

Frequency, amplitude and dc offset settings respond in less
than 100 us. Frequency range, function, offset polarity and
attenuator respond in less than 3 ms.



CONTROL CONNECTOR PIN LAYOUT

Piug J2 Mating Connector

Amphenot 57-30360
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Standard Control Logic

Logic 1= +2.4V to +10V, typical sink current 15 mA
per line.
LogicO= -1V 1o +1V, open circuiz voltage is approxi-

mately -0.7 V.

TRUTH TABLES WIiTH PIN ASSIGNMENTS

Plug J3
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Mating Connector
Amphenc! 87-30360
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Program

oC Program || Freguency 1 Program | Am plitude | Program Funetion Muode Pragram
Palarity {Pin No.} ] Range {Pin Na.] | Range {Pin Me.) {Pin Mo.) {Pin N
19 1 7531 i1 9 33 32 35 34
i a0 0.001 0000 coot ¢ e Y 0 0 | Continugus [ 0 @
0 a 0.01 ooog 0.01 a1 " [ Gated (L
1T 0 0.1 Qo010 o 1 0 ne 1 0 Ma Qutnut 1 0
10 go1 1) 1 11 e 1 Tritger 11
W og1aogc0
100 01401
1K d 11310
10K o111
A 1000
1M 10601
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21 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspect all external
parts for possible damage to switches, conneciors, surface
areas, etc. |f damage is discovered, file 3 claim with the
carrier wha transported the unit. The shipping container
and packaging material should be saved in case reshipment
is requireg,

The front panel has been designzd to allow this unit to be
mounted in a standard 18-inch equipment rack. No mechan-
ical installation is required when the instrument is 1o ba
used as a portable bench unit.

2.2 ELECTRICAL INSTALLATION

2.2.1 Power Connection

NOTICE
Unless otherwise specified at the time of pur-
chase, all Wavetek Model 154 instruments are
shipped from the factory with the power trans-
former connected for operation on a normal
115velt ac line supply, and a ' amp 115-volt
slow blow line Tuse.

ManualsPlus.com

SECTION
INSTALLATION AND OPERATION

To convert to 230 volts, set the slide switch at the rear of
the instrument to 230, and replace the fuse with a slow
blow fuse rated at % amp at 230 volts.

Connect the ac line cord to the mating connector at the
rear of the unit.

2.2.2 Signal Connections

Use bOL1 shielded cables equipped with femala BNC con-
nectors 10 distribute all RF signals when connecting this
instrumant 1o associated eguipment.

2.3 OPERATING CONTROLS

The operating controls and electrical connections for the
Modgl 164 are shown in Figures 2-1 and 2-2. Each of the
fallowing paragraph numbers corresponds to a number ap-
pearing in Figure 2-1, front panel, and Figure 2-2, rear panel.

1, Power On Indicator — The indicator is illuminated
when the unit is on,

- [ e A T
LT LT I

Figura 2.1. Operating
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Frequency Hz Setting — A three-digit thumbwheel
switch is provided for output frequency selection. For
the actual output frequency, this value is multiplied
by the frequency Hz range multiplier {3}

Frequency Hz Range Multiplier — This thumbwheel
switch has ten decade ranges from 1 millihertz 1o
1 megahertz. This value multiplied by the setting {2)
gives the output frequency.

All Remote Indicator — YWhen all the front panel re-
mote push huttons are in {buttan Nos. 13, 14, 15, 16,
17 and 19, see Fig. 2-1}, the indicator is illuminated.
This means the generator is completely controlled by
remote programming and independent of the front
panel controls. {n this condition a signal (> +3 Vdc)
appears at pin 15 of plug J3 for computer natification.

DC/Offset Polarity — When in the demode, this switch
determines the polarity of the dc level, either + or —,
When in the “0 pasition, the dc level will always be
zero. When in the 7y, , "L ,or v functicn,
this switch controls the polarity of the offset, When
in the 0" position, the offset wili always be zero.

DC/Offset Volts — This three-digit thumbwheel switch
sets the do level when in the de mode, or the amount
of dec offset into & 5082 load for the wavetorm fune-
tions, The maximum voltage of the cutput amplifier
is limited to £7.5 volts into b0 ohms; therefare, the
peak signal amplitude plus the offset should not ex-
ceed this limit or a distorted waveform will be the
result, When in the de made, the cutput de voltage is
dependent only on the setting of this switch and inde-
pendent of the p-p amplitude volt and amplitude
range settings and also independent of the load cur-
rent up to 100 milliamps.

P-P Amplitude Volts — This three-digit thumbwhee
switch is used to set the peak to peak signal level into
a 50 shm load. it controls the level for the sine,
triangle and square waves, but has no control in the
dc mode,

Amplitude Range — This switch has four ranges, 1.0,
0.1, .01, and 0.001, alowing output amplitudes from
9.99 volts to 1 millivolt.

VCG IN {Voltage Controlled Generator — This con-
nector atlows external analog control of frequency.
Up to & 1000:1 frequency change may be abtained,
A positive voltage increases frequency and a negative
voltage decreases frequency. See saction under OPER-
ATION for details.

10.

11.

12.

13

14,

16.

16.

17.

18.
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EXT DC IN (External DC Offset Control} — This
input allows external analog control of dc ofiset or of
de voltage output. Sensitivity of the input is +7 or =2
volis offset per 1 volt input dependent on de polarity
selected; i.e., a gain of two. The small signal band-
width is 100 kHz and the slew rate is 2% of range par
microsecond.

The EXT DC IN connector operates in conjunction
with any manually or remotely programmed dc level
or offset. The signals will be added or subtracted de-
pending on the polaritias. Lf the polarity switch (see &}
is in the 0" position, the EXT DC IN connector is
disabled.

VCA IN (Voltage Controlled Amplitude) — The out-
put amplitude can be modulated tyy an analog voltage
input to this connectar. This input signal is algebrai-
cally summed with the p-p amplitude seiting on the
front panel or with the remote program, This input
may be used for studying most amplitude madulation
1echniques.

Power — Depressing this push button switch turns the
unit on,

Frequency Remote,Setting — The frequency setting
(see No. 2) will be controlled by the remote program
when this switch is depressed. This does not affect
the range multiplier. The setting is 0.00 it the control
lines are open and the switch is depressed.

Frequency Remote, Range — Depressing this switch
causes the frequency range to be selected by the re-
mote arogram. The range will stay at X0.001 if the
control lines are open and the switch is depressed.

Amplitude Remote, Offset — When this push button
switch [$ depressed, the dc voltage output ar signal dc
offset, including the polarity, is conirolled by the re-
mote program. The setting will be +0.00 if the control
lines are open and the switch is deprassed.

Amgplitude Remote, Range ~ The amplitude range is
remotely controlled when the push button switch is

depressed. Therange will stay at X0.0G01 if the coniroi
fines are open and the switch is depressed,

Amplitude Remote,Setting — Depressing this switch
causes the amplitude setting to be controlled by the
remote program. The setting will ba 0.00 with the
button degressed and the conirol lines open.

Manual Trigger — The manual trigger button operates
when the generator is in either triggered or gated
made (see Nos. 20 and 21). In the triggered mode,



18.

20,

21,

22,

one cycle of the selected waveform is genersied each
time the button is depressed. in the gated mode, the
generator will continue 1o oscillate while the button
is depressed. Upon releasing the trigger button, the
generatar will complete the last cycle and stop oscil-
lating.

Function Remote — When this button is depressed,
all of the modes under the function heading (Mos.
20 - 25} are under remote control. If this switch is
depressed and the control lines are open, the output
waveform will be a sine wave in the continuous run-
ning mode.

Gated Mode — When this swiich is depressed, the
generator may be started by applying a gating signal
of at least 3 volis to the TRIG IN connector {see No.
26). Removing the gating signal causes the generator
to camplete the last cycle and stop. The generator
may also be gated by depressing the manual trigger
button (see Mo. 18).

Trigger Mode — In this mode the generator will pro-
duce one cycle of output for each trigger signal ap-
plied. The frequency of the trigger signal should be
lower than the generatar frequency. The trigger signat
must be at least 3 volts. If both the gated and trigger
switches are depressed, the generator will be in the
triggerad mode.

DC - Depressing this button causes a dc autput to be
present at the 508 ourput connector {see No. 27},
The output impedance in the de mode is 1 ohm. The
maximum amount of de is 10 volts and is set by the
dc volts thumbwheel switch {see No. 6). The polarity
is determined by the dc polarity switch {see No, B},

23,

24,

25,

26.

27.

28.
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The polarity must be + or — for an output. Neither
the p-p amplitude {see No. 7] nor the amplitude range
multiplier {see No, 8) control has any effect on the de
output. The loading current should not excead 100
milliamps.

T {Square Waveform) — Depressing this button
produces a square wave at the b0S2 output connector.
Amplitude is controlied by the p-p amplitude volt and
amplitude range switches {see Nos. 7 and B), frequen-
¢y by the frequency Hz setting and range multiplier
switches (see Nos. 2 and 3).

4" {Triangle Waveform} — This switch applies a
triangle waveform to the 5082 output connectar.

™y  {Sine Waveform) — Depressing the button ap-
plies a sine wave to the 5082 output connecior,

TRIG IN — This connector accepts the trigger input
signal for operatiocn in either the trigger or gated
mode {see Nos. 20 and 21}. The trigger signal should
be at least 3 volts. The input is de coupled with
10K ehm impedance. Up tc a 50 volt signal may be
applied without damage.

50§ OUT — This is the main output connectar for all
oulput signals. The signal will always be here unless
the generatar has been programmed to direct the out-
put 1o the rear Connector.

AUX OUT — This is an auxiliary pulse output. [tisQ
to +6 volt pulse with 50% duty cycie. it can ba used
as a pulse, sync or sguarewave output. 1t runs at the
same freguency as the main generator. The rise and
fall time is igss than b nanoseconids.

Figure 2-2, Qperating Controls, Rear Panel

23
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29. 508 OUT — The main output is shifted to the rear 9,
output connactor when pin No. 36 of connectar J3 is
programmed with a +2.4 V¥V to +10 V signal, (See 10.
Section 1.3.)

30. Power In Receptacie — This cannector accepts a fe- 11.
male power cord for applying 12D or 240 volts ac.

31. Remote Programming Connectors — Rermote con- 12,
trol signals are input to the generator through these
connectors. All control logic is BCD. {See Section 1.3
for pin assignments.} The mating connector (Part No.,
§7-30360} is manufactured by Amphenol. 13.

32. Line Fuse — This fuse protects the instrument from
ac line transients as well as shorts within the instru-
ment, For 116 Vac operatian, use a % amp slow blow 14.
fuse. For 230 Vac, use a % amp slow blow fuse.

33. 115 - 230 VoIt Switch — This switch selects the power
input voliage used. The instrument is narmally ship-
ped for 115 Vac and a % amp fuss. To convert to
230 Vac, set slide switch to 230 and instail a % amp
siow blow fuse.

24 INSTALLATION CHECKS

16,
This paragraph outlines a quick checkout procedure to
determine if the instrument is operating properly. Field
- calibration and checkout instructions are given in Section 4

to determine compliance with elactrical specifications. If 18.

electrical deficiencies exist, refer to the warranty on the

back of the title page,

Use a Tektronix Model 454 oscillascope (or equivdlent) and

a8 10 MHz counter-timer with 4-digit resolution when per- 17.

farming these installation checks.

1. Connect the line cord 1o the ac line.

2, Connect the 500 OUT BNC to oscilioscope with 50
ohm cable terminated with 50 ohms.

3.  Setfrequency Hz 1o 1.00 X 1K.

18.

4, Set DC/QOFFSET VOLTS to 0 0.00.

5. SetP-P AMPLITUDE VOLTS to 1.00. 15

&. Set AMPL RANGE w2 X1.0,

7, Set generator up for complete manual control; that is, 20.

see that none of the remote buttons is depressed.

Depress "1 push button.
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Depress POWER push button.

Observe a 1 volt p-p square wave at 1 kHz on the
oscilloscopa.

Depress ™ and then My push buttons, Qbsarve
triangle and sine waveforms, respectively.

Depress TRIG push button. Press MANUAL TRIG
butten several times and observe single cycle genara-
tion. Return TRIG button to out position,

Depress GATED push button. The generator should
run as long as the MANUAL TRIG button is de- )
pressed. Return GATED button to out position,

With FUNCTION still on "\, and amplitude at
1.00 X 1.0, set DC/OFFSET VOLTS to +5.00. Rotate
mast significant decade from 5 to 0. Change polarity
to —. Rotate same switch from O to 5. Observe sine
waveform being offset, first positively, then decreasing -
to zero and then increasing negatively over the range
of +5 volts. See Section 2.3, number B, for signal plus
offset limitations on the output amplifier, Return
DC/OFFSET VOLTS to 0 0.00.

Set P-P AMPLITUDE YOLTS to 9.99. Rotate most _
significant decade from 9 1o 0 and note proper opera-
tion of amplitude setting control.

Return P-P AMPLITUDE VOLTS to 9.99. Rotate
AMPL RANGE control through all positions and note
20 dB change in amplitude per step. Return AMPL
RANGE conirol to X1.0.

Remove 50 ohm terminator, Reconnect scope. Depress
BC push button, Set DC/OFFSET VOLTS to +9.00,
Observe 9veltde level. Rotate most significant decade
of DC/OFFSET VOLTS thurnbwheel switch from 9 to
0 and observe dc level decrease. Set polarity to — and
rotate the same digit from 0 to 9. Observe dc level in-
creasing negatively. Return DC/OFFSET VOLTS 1o
0 0.00.

Disconnect output BNC cable 1o oscilloscope and re-
connect to a counter with B0 ohm tarminator,

Rotate frequency setting and range multiplier switches
and observe counter to verify proper frequency cali-
bration.

Remote programming may be checked by appiying do
levels (+2.4 to +10 V) 1o the appropriate pins of plugs
J2 and J3 to verify that the output is correct. Use the
Truth Tabtes with Pin Assignments in Section 1.3 1o



determine which pins must receive a signal for a
specified cuput.

25 QOPERATING PROCEDBURE

No preparation for operation is required beyond completion
of the initial installation checks given in paragraph 2.4 of
this manual. |t is recommended that a one-half hour warm-
up period be allowed for the assaciated equipment to reach
a stabilized operating temperature and for the Madel 754
to attain stated accuracies, ’

2.5.1 Operation as a Function Generator

1. Properly terminate the 5050 OUT connector with
50 £1% tarmination.

2. Select the desired waveform sither from the front
panel push buttons or by the remote program. If the
remote mode is used, the FUNCTION REMOTE push
button must be depressed.

3. Set FREQUENCY HZ setting and rangs multiplier for

desired output frequency. If a remote program is used,

be sure FREQ REMOTE SETTING and/or RANGE
push buttans are deprassed as required.

4. Set P-P AMPLITUBE VOLTS and AMPL RANGE
multiplier for desired output amplitude. 1f a remote
program s used, depress either or both AMPL RE.
MOTE RANGE and SETTING push buttons as de-
sired,

B, A positive or negative dc offset may be applied to the
waveform by setting the DC/OFFSET VOLTS to the
desired level. The peak signal value plus the offsat
cannot exceed 27.5 volts. If it is desired to control the
offset by the remote program, the AMPL REMOTE
OFFSET push bution must be depressed.

2.5.2 Operation as a Voltage Controlled Generator

The VCG input connector can he uead to externally control
the frequency of the generator. If a positive voltage is ap-
plied to the VCG input terminal, the frequency will increase
from the dial setting. A negative voltage will cause the fre-
guency to decrease from the dial setting. The VCG range of
the Model 152 is 1900:1. Tha nemograph of Figure 2-3
shows the characteristics of the VCG circuit Column A
gives the frequeney setting, column B, the VCG voltage and
column C, the resultant frequency of the generator.

The following are examples of setting up the generator for
several ranges of frequency change.
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FREQUENCY VCGIN 500 OUT

SETTING VOLTAGE FREGQGUENCY
9.89 — -5V 0.0t —

. -+ 0.1
9.00+ e =4V -+ 1
8.001 4+ -3V + 2
7004 =2V ~ 3
6.00+ v + 4
5,00 Example 1. | o 4 5
4,00+ +1V -+ 6
3.00+ -~ +2V - 7
2.00+ T+ ¥V 8
1.00 - 4V + 8

0.10—+
1 om 1 isv 10
(A) (B} (C}

Figure 2-3. VCG Valtage-to-Frequency MNomegraph

In example 1, the frequency setting is 5.00 and 0 volts VCG
input voltage is applied. Extend a straight line from 5.00
{frequency setting) through 0 voits {VCG voltage). The re-
sult is an output frequency of § (multiplied by the range

multiplier},

In example 2, the frequency setting is 5,00 and a varying
VCG valtage of —1 V to +1 V s applied. By extending
straight lines through the appropriate position it can he seen
that the frequency will vary from 3 to 7 (multiplied by the
range muttiplier).

To obtain a maximum frequency change of 1000:1 the low
frequency must have a setting of 0.0 X the multiplier. The
maximum tap frequency will then be 9.98 X the multiplier,
thus giving a 1000: 7 change.

2.5



For example, suppose an increasing sweep from 10 kHz to
10 MHz is dasired. The VCG input must be a D to +b volt
ramp. The frequency setting must be 0.01 X 1M which
equals 10 kHz (the iow freguency). At a +5 volt input the
generator will be at the fuil scale output (£.88 X 1M} or
10 MHa.

As another example, sweep down from 1 kHz to 1 Hz. The
VCG input must be a 0 to —5 volt ramp. The frequency
setting must be 5.99 X 100 which eqguals 1 kHz, the high
frequency. At a —% volt input the generator will be at the
minimum allowed outpui for the X100 range {G.01 X 100)
or 1 Hz. These examples may be verified by using the
nomagraph in Figure 2-3.

2.5.3 Operation as a Triggered Generator

1. Select the desired waveform by depressing the corre-
sponding FUNCTION push button. If remote control
is used, depress the FUNCTION REMOTE push but-
ton and program the remote cohnector as required,

2. Set or program generator to the desired frequency.

3. Depress the TRLIG push button, If remote control is
used, depress FUNCTION REMOTE. Apply +2.4 to
+10 volt logic levets to pins 34 and 35 of plug J3.
(See the Truth Tables in Section 1.3.)

4, Apply an external trigger signal of at least +3 volts ta
the TRIG IN connectar or depress the MANUAL
TRIG push button for generation of one cycle of the
selected waveform. One cycle output will be generated
for each input signal, providing the frequency of the
trigger signal is lower than the generator frequency.

2.5.4 Operation as a Gated or Tone Burst Generator

1.  Select the desired waveform by depressing the corre-
sponding FUNCTION push button, H remote contral
is used, depress the FUNCTION REMOTE push but-
ton and program the remote connector as required,

2. Set or program generator to the desired frequency.

3.  Depress the GATED push hutton. If remate control is
used, depress FUNCTION REMOTE. Apply +2.4 to
+10 volt logic level to pin 34. No signal is applied to
pin 3b.

4. Apply an external gating signal of at least +3 V to the
TRIG IN connectar ar depress the MANUAL TRIG
button. A gated or tone burst signal will be generated
as iong as gating signal is applied to TRIG IN or
MANUAL TRIG is depressed.
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2.5.5 Operation as a DC Voltage Source

Madel 154 may be used as a calibrated de voltage source not
1o exceed 100 mA of current as follows:

1. Sei the generator in the triggered mode either by de-
pressing the TRIG push button or by the remote pro-
gram. See 2.5.3, Step 3. This inhibits the nenerator
from running which minimizes the noise content of
the dc.

2. Set the function to DC either Iocally or by remote
pregram. The output impadance at the 50582 OUT
connector is now less than 1 ohm,

3.  Connact the 5002 OUT connector 10 the device under
test,

4. Set or pragram the DC/OFFSET VOLTS to the de-
sired value, either positive or negative. The dc voltage
ranges from 9.99 ta 0.01. The ripple and noise is less
than 10 mV with the generator idle.

2.5.6 Operation as an Amplitude Modulated Generator
The VCA IN connector provides an input for amplitude

modulation. In using the VCA capability of the generator,
refer to Figure 2-4,

AVERAVEPS LN ~ >< OUTPUT _
% =XY
1~
VCA IN ‘Q

Yy

PP AMPLITUDE | Y2
VOLTE

Figure 2-4. X-Y Multiplier Block Diagram

The output of the generator is the product of the X and ¥
inputs; that is, the gyenerator signal tirmes the sum of the
VCA IN plus the p-p amplitude, or output = Xy, + Y,
Y, is always a positive de level, internal to the generator,
which controls the output amplitude, if there is no VCA IN
signal. Any VCA input, whether dc or ac, adds to Y,. If the
sum of Y, and ¥, exceeds the output capabilities of the
gengrator, a clipped waveforin will result,



The modulated ocutput of the generator with several dif-
ferent VCA input conditions is shown in Figure 2-5. The
P-P AMPLITUDE VOLTS control is assumed to be 0.00.

VCA IN AM QUTPUT

100% rmeodulation
{Same as B, except carrier has 180° phasa reversal)

Isss than 100% modulation

{Same a5 A, excapt carrier has 180° phase reversal)

Figure 2-6. Amplitude Modulation input and
Resultant Cutput

Tha nomograph in Figure 2-6 is provided to determine the
peak limits of the amplitude modulated output.

Example 1 displays suppressed carrier modulation. See Fig-
ure 2-6, Diagram C, for a display of the VCA input wave-
form and the resultant modulated output.
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P-P AMPLITUDE VCA
SETTING N
107 - 710
. / o
g T B
74 1 7
6+ + B
‘s INVERTED OUTPUT]
(1809 phasa revarsal)
{P-P}
1-4 1 a
- T3
+1-2 L 2
p 1 T+ 1
-~
\“‘-- h §
r\Q ........ '-..,.:;..“. + 0
~ |
L1 S ~1 4
Y
.
h+2 \-\ - 2
.
~
- +3 e
L +4 4 4
NORMAL
% ourput T 3
IR ]
F 6§
- ?
T 8
\. .
~¥ _ Mo

Figure 2-6. Amplitude Modulation Nomagraph

Example 2 shows 100% modulation. The envelopa is 4 volts
peak to peak. The input sine wave is 2 volts p-p with the
negative peak equal to zero as referenced to signal ground
of the Model 154. See Figure 2-5, Diagram B, for waveform
display.
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Example 3 shows the effsct of using the p-p amplitude 4. When the generator is completely under remote con-
contrel together with a VCA input. The result is less than trol, a frant panel light will be illuminated as well as a
100% modulation, since the p-p amplitude control has off- signal generated ai pin 15 of J3.

set the VCA input above signal ground. The effect is shown

in Diagram A of Figure 2-5. ' 5. The analog program applied 1o the VCG IN, VCA IN

and/or EXT DC IN are additive o the digital program.

2.56.7 Remote Operation
5. TheB0§L OUT is normally at the front panel, but may

The Model 154 may e partially or totalty operated in the be programmied to appear at the rear panel connector
remote mode. Refer to Figure 2-1. by applying a signal to pin 36 of connector J3. The
waveform quality at high frequencies will be better
Al of the following should be noted when using a remote at the front panel output.
program.
1. Be sure logic levels are compatible with those stated
in Section 1.3. CAUTION

2. Be sure plugs J2 and J3 are wired correctly according

to the pin layout in Section 1.3. At no time should voltage be applied to the

instrument that will cause the potential between

3. Some or all functions may be programmed at any one signal ground and program ground to exceed
fime. See Section 2.3, paragraphs 13 through 19. 10 Vde.
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3.1. GENERAL DESCRIPTION
3.1.1 VCG Generator

A simplified block diagram of the VCG generator is shown
in Figure 3.1, Triangle and square signals are generated si-
mulianeousiy in the triangle generator gircuit. The triangle
is ther applied io a sine converter and amplified.

The frequency is controlled by the current from the VCG
amplifier which in turn is controlled by the voltage from
the VCG D/A converter.
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SECTION
CIRCUIT DESCRIPTION

QOne of the signals, square, triangle, sine or DG, is fed into
the X-Y multiplier and the amptitude is controlled by the
VCA D/A converter.

The signai is then fed into the output amplifier. The amount
of de offset is sontrolled by the voltage from the de offset
D/A canverter. The square wave from the triangle generator
circuit is aiso fed into a fast switching circuit, a pulse am-
plifier, to generate a fixed amplitude fast square wave
output.

; iTHIG

AUX
TRIG & GATED PULSE 0,':': p
LOGIC AMPLIFIER

? [y

oc] <L OUTPUT
= MPLIFIER 5000
VG _ TRIANGLE rLl XY ouT
AMPLIFIER GENERATOR | *—C* wuLTiPLiER ATTENUATOR ——E(
, , - £ -
\,
r
SINE
D/A CONVERTER CONVERTER D/A CONVERTER D/A CONVERTER
IFREQUENCY) & AMPLIFIER {AMPLITUDE} (DC OFFSET)
a F F 3
3 §VCG
VCA

N

EXT DC

Y4

HED WD 1

Figure 3-1. VCG Generator Block Diagram
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3.2 THEORY OF OPERATION
3.2.1 Triangle Generator

When the voltage at point D is positive, the diedss CR15
and CR16 are reverse biased and CR14 and CR17 are for-
ward biased. See Figure 3-2. Therefore, the current I+ is
charging the capacitor C which causes the voltage at points
A and B to rise. As soon as the voltage at point B reaches
+1.25 V, the cutput of the hysteresis switch will switch
negative and thus reverse the current flow. The current 1—
is drawn from capacitor C. Again, the hysteresis switch
will switeh paositive whan the voltage at B is below —1.25 V',
Thus, triangle and sguare signals are gensrated simultane-
ously.

_ ___ ___TOPULSE
N, AMPLIFIER

HYS
SWITCH

FROM VCG

TRIANGLE
AMPL

FROM
VCG AMPL

+1.25V

A B

—1.26V

+2.5V

—2.5V i——l

Figure 3-2. Triangle Generator Block Diagram

The output frequency depends on the size of the capacitor
selected and the amount of currents, |+ and |—, charging the
capacitor. The currents are controlled hy the VCG amplifier
which in turn is controlled by the voltage from the D/A
amplifier and VCG input.
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3.2.2 VCG Amplifier and Current Sources

The voltage used to control the output frequency from the
D/A amplitier is applied to point A of the VCG amplifier,
See Figure 3-3. Two |Cs are used to shift the control voltage
ground reference to the power supply reference. The other
two 1Cs are the current source generators. The two current
outputs are fed to the triangle generator,

~15 &

i+

TO TRIANGLE
GENERATGR

H

FROM D/A
AMPLIFIER
IFREQUENCY}

Y VWV

+15
Figure 3-3. v
VCG Amplifier and Current Source Simplified Circuit




3.2.3 Capacitance Multiplier

Frequency ranging is achieved by selecting different capaci-
tors. For frequency ranges at X1 Hz or below, large capaci-
tors are necessary and, therefore, impractical. Instead, a
capacitance multiplier circuit is used, and ranging is achieved
by changing the muitiplication factor which is equivalent 1o
the ranging resistors, The simplified circuit is shown in
Figure 3-4.

R2
——AAA—
I+ OR {--
__EMN— - R1
- GAIN=- & VY
*HC%’ c1 _T_

ou::u*r é :I
-1

A, AMPLIFIER

Figure 3-4. Capacitance Multiplier Simplified Circuit

Because of the nature of the feedback loop cannectian, Al
and A2, most of the current, 1+ and {—, will be drawn
by A2 through R1. Only a very small percentage of current
is changing and discharging capacitor C1. Therefore, the
cuiput frequency will appear much stower. The percentage
of current drawn by A2 is precisely controlled by the (oop
gain and time constant of the capacitance moitiplier ¢ircuit,
Fraguency ranging is achieved by chanaging R2.

3.2.4 X-¥Y Multiplier and Output Amplifier

One of the signals is selected and fed into one input of the
X-Y multiplier, and a control voltage from the D/A ampli-
fier is fed 1o the other input. Refer 1o Figure 3-5. The dif-
ferential output from the X-Y multiplier is directly propog-
tional to the product of two inputs.

The signal is then fed into the output amplifier which con- i

sists af two inverting ampiifiers. The combined operation of
the two amplifiers is exactly equal to one differential ampli-
fier. Because of the large common mode rejection of this
amplifier, the output amplifier ground, * ”, can be
floated from all other grounds, "‘:" . A separate powear
supply would ke required in this case.
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CONTROL VOLTAGE
FROM DA AMPL
{AMPLITUDE]

RZ
l AN
AVIRI I} R1
Ay ORDC
— P R1
"""_"\/\f\v—
v,
R2
P ]
CONTROL VOLTAGE R4
"Ny
FROM DfA AMPL.
{DC OFFSET}
w
J_— OUTPUT
p— R3 ¥,

Figure 3-5.
X-Y Multiplier and Qutput Amplifier Simplified Circuit

3.2.5 Trigger Gated Modes

The triangle generator will ascillate continuously anly if the
voltage at G is negative which reverse biases CR11. Refer to
Figure 3-6. This requires that the voliage at E ar F be nega-
tive. |f both voltages at E and F are positive, then so is the
voliage at G. The current through CR171 will keep the
voltage of € from falling below zera, because CR12 is
clamped at zero. This stops the generator from oscillating.

The JK flip-flop is used to control the timing so that the
triangle will always stop at the end of the cycle. The triangle
will stop at time t,, if the trigger signal is reser between

i

If the signal at B is differentiated before it is applied to the
JK flip-flop, only one cycle of the triangle signal will be
generated for each trigger input.

3.2.6 D/A Converter
Diode gates are used to swiich the voltage through weight-

ing resistors into the summing node of an amplifier. Refer
ta the D/A Converter Schematic.
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HYS C [TRIANGLE
SWITCH l AMPLIFIER
CR11
T
3 G k™

CR12 crgz |CR93

=
F

SYNC a
INT K

FLIP-FLOP

Q

TRIG
IN

SQUARING B INHIBIT >
A CIRCUIT

A TRIGGER
SIGNAL

g SQOKT Y o5 E
OUTPUT L !

¢ TRIANGLE i
OUTPUT j

D

E SYNC

F

G

Figure 3-6, Trigger Gated Block and Timing Diagrams
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4.1 INTRODUCTION

This section provides instructions for testing, calibrating,
troubieshooting, and repairing the Model 154 generator.
The instructions are concise and written for the experienced
elactronics technician or field engineer, Wavetek maintains
a factory-repair department for those customers noi possaé-
sing the necessary personnel or test equipment to maintain
the instrument. If an instrument is returned to the factory
for calibration or repair, a detailed description of the specif-
ic problem should be attached 1o facilitate the twrnaround
time. The main board test point and adjustment locations
are shown on the hoard itself, and all points are iliustrated
in the data package.

4.2 ACCESS INSTRUCTION

Removal of the top dust cover affords quick access to all
the components within the unit. Howevear, it may be neces-
saty 1o remove the tiottom dust cover to replace the com-
ponents.

An extender board {located in the front left corner) is pro-
vided to allow testing and repair of individual boards while

still in the circuit. Te remave the extender board, remove
the two screws located on the side panel.

4.2.1 Removing the Dust Cover

1. Unplug the power cord.
2. Unscrew two captive screws on 1op cover.
3. Hermove top cover,

4. Follow same procedure for bottom cover removal.
4.3 RECOMMENDED TE5T EQUIPMENT

Table 4-1 contains a ist of recommended test equipment,
Any test equipment having equivatent accuracies may he
substituted for those listed.
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SECTION
CALIBRATION AND MAINTENANCE

Table 4-1. TEST EQUIPMENT

Required Recommended
Type Characteristics  Manufacturer Madel
Oscilloscope  To 250 MHz  Tektronix 454
Oscilloscope  Tao 30 MHz Tektronix 544
Plug-In Dual Channel Tektronix 1A1
Plug-In Peak m¥ Tektronix 1A5
measuring
capability
Distottion To 600 kHz Hewlett-Packard 334A
Analyzer
Spectrum To 50 MHz Hewleit-Packard 1413
Analyzer
Display
\F Section Hewlett-Packard  8952A
RF Section Hewiett-Packard  B5B3L
Diffarantial Microvolt de
WVoltmeter rmeasurement
Counter- To 10 MHz
Timaer 0.1% of reading

accuracy

4.4 CALIBRATION INSTRUCTIONS

The following paragraphs provide complete sequential cali-
bration procedures for the Model 154 generator.

NOTE

The entire calibration procedure must be read
first ta determine initial control setiings and
test equipment connections required before at-
tempting recalibration. The steps of this proce-
dure should be performed in the sequence given,
and the parts within each step should also be
performed in the same sequence given. Fold
out page 4-21 for Adjustment and Test Point
Locations.
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NOTE

{nless otherwise noted, alf measurements made
at the 505 QUT connector should be termina-
ted into a 508 load when in 7\, , N\, ,or
N, modes and unterminated when in DC.

4.4.7 Preliminary Procedures

Allow the unit to warm up for at least 30 minutes. Start the
calibration by setting the front panel switches and controls

as follows:
POWER Switch . . . . . . . ONIIN)
FUNCTION Switch . . . . . . . LAY

All other push button switches should be in the
OFF (OUT) position.

FREQUENCY. . . . . . . 989X 100
DC/OFFSET . . . . . . . . 040400
AMPLITUDRDE . . . . . . . BOOX10

4.4.2 Power Supply Regulation

1

~

Connect a valtmeter to RG {marked *+15 ¥"in
AMPL section of the main koard], and ground at
TP1 {Ci5].

Adjust voltage to +15 Vde 220 mV, using R21 on the
15 V power supply board.

Check for approximately —15 volts at R7 (marked
=18 V" in N, AMPL seciion of the main board).

Check for approximately +24 volts at B4 and -24
voltsat R3in "\, AMPL section of the main board.
Test points are marked "+24 V" and “—-24 v*.

Connect a valtmeter to +23 voits across C72 (OUT-
PUT AMPL saction of main hoard}. Adjust voltage to
+23 Vde £20 mV using R21 on the 23 V power sup-
piy board,

Check voltage across C70 for —23 Vdc 2400 mV.
Check the +6 volt supply in AUX AMPL section of

main board and ground at TP1 (C15). Veltage should
be +6 Vde 200 mV/,

4.4.3 Triangle Amplitude Adjustment

1.

4.2

Use a type W or 1AE plug-in module with the scope
for this calibration. Connect the oscilloscope probe
{X1) o output of the triangle amplifier at TP2 and
ground at TP1 en the main beoard. Make sure the
frequency setting is at 9.99 X 100 Hz. :
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2. Adjust the positive peak of the triangle to +1.25 ¥
6 mV using R21 on the main board.

3.  Adjust the negative peak of the triangle to —1.25 V
15 mV using R 11 on the main board.

4.4.4 Frequency Calibration

1. Set function to T, and connect the main output
to the scope.

2. Set freguency to 0.09 X 0.1M. Alternaiely short and
open VCG IN to ground and adjust R34 on the D/A
amplifier board untit no frequency shifting can be
observed on the scope.

3. Gonnect the main output to a counter and verify that
the shifting is less than 100 Hz.

4, Set freguency to 9.01 X 10K. Adjust R29 on the
D/A amplifier board for 100 Hz £15 Hz. (VG should
not be shorted to ground,)

b, Conrect the output 10 an oscilloscope. Adjust the
time symmetry to within 1% using R7 on the VCG
board. A dual channel counter set in the B—A made
may also be used for this calibration. By alternatety
changing the slopes from positive to negative on both
chainels, the asymmetry may be measured.

B, Set freguency to 9.99 X 10 kHz, Adjust output fre-
quency to 99.9 kHz +100 Hz using R40 on D/A am-
plifier board,

7. Set frequency to 8.99 X 1 MHz, Adjust frequency to
8.99 MHz 25 kHz using C4 on main board, Trim C2
it necaessary.

8. Set frequency 10 5.99 X 10K. Re-adjust frequeney 1o
98,9 kHz £100 Hz using R40 on D/A amplifier board.
Trim R31 on D/A amplifier board if necessary,

a. Set frequency to 0.01 X 10 kHz. Re-adjust output
frequency to 100 Hz £16 Hz using R29 on D/A ampli-
fier board.

10.  Check frequency accuracy from 1.00 x 1M109.99 x
M. All frequencies should be within £2.0% of full
scale. i not, re-adjust C4. If adjusting C4 does not
help, iry to trim capacitors G186, C17, C22 and C232 on
the main board. Add 5 to 10 pF capacitance at loca-
tions C16 and G23, if frequency at the 9.98 x 1 MHz
setting is too low. Reduce 5 to 10 pF of capacitance at
both C17 and C22, if frequency at the 9.99 X 1 MHz
satting is too high,



11.

12.

13.

14,

5.

18.

17,

tB.

4.4.5 X-¥ Multiplier Adjustment

1.

Set frequency 1o 9.99 X O.1M. Adjust frequency to
999 kHz 1 kHz using C6 on the main board. Trim 8
if necessary.

Set frequency to 9.99 X 1K. Adjust output frequency
to 9.89 kHz *10 Hz using R3% on D/A amplifier
board,

Set freguency to 9.99 X 100. Adjust output frequency
to 999 Hz £1 Hz (or period to 1001 us =1 ps) using
R38 on the D/A amplifier board.

Set frequency to 9.89 X 10. Adjust output frequency
w0 99.9 Hz £0.1 Hz {or period 10 10.01 ms £10 us)
using R37 on the /A amplifier board,

Connect a scope probe ta the output of the triangle
amplifier at TP2 and ground at TP1 on the main
board.

Set generator to TRIG mode with front panel switch.
Set frequency to 9.99 X 10 Hz, Adjust the dc ievel to
0 Vdc £3 mV using R2 on the man board.

Set generator back to contipuous running, frequency
to 0.50 X 1.0 Hz, and function 1o "Lh . Adjust the
time symmetry at the 508! OUT connector ta less
than 0.2% using R47 on the YCG board. In addition
to using sweep magnifier on scope for this catibration,
a dual chanmel counter may be used as described in

Step 5 of Section 4.4.4.

Set frequency to 9.99 X 1.0 Hz. Adjust output fre-
guency to 9.99 Hz +0.01 Hz {or period to 100.1 ms
0.1 ms) using R18 on the VCG board,

Set functian to DC, frequency to 2.00 X 100 Hz, and
DC/OFFSET to O 0.00.

Make sure the 505 cutput ground is not shorted to
program ground by measuring the voltage between
the two grounds; i.e., the grounds of 502 OUT and
TRIG IN.

Cennect the 502 QUT 1o an oscilloscape, Alternately
short and open the 50f) ground to the TRIG IN
ground. Adjust B153 on the main board at the same
time until the de level at the output changes less than
bmV.
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NOTE

ln case the voltage across the two grounds is oo
smalt and the effect is not obvious, an external
voliage less than 10 Vdc can be applied momen-
tarify hetween the two grounds for the above
calibration. R153 should be adjusted for a dc
shift of fess than 5 mV.

4, Adjust R117 on the main board so that the cutput de
tevet stays within 10 mV at the 0.00 and 9 .00 settings
of the PP AMPLITUDE VOLTS control.

5. Set DC/OFFSET to 0 WVdc 20 mV using R 132 on the
main board.

6.  Set function to N, {(frequency remains at 2.00 X
100 Hz} and P-P AMPLITUDE to .00,

7. Adjust the voltage batween TP3 and TP1 {GND} on
main board to D Vde b mV using RB on the D/A
amplifier board, TP3 is located at one end of R110in
the X-Y multiplier section on the main board.

8.  Adjust the O OUT signal to minimum using R118
on the mair board.

9. Set P-P AMPLITUDE to 0.05 V. Adjust B124 on main
baard for the most linear waveform.

10,  Reset P-P AMPLITUDE to 0.00. Repeat Step 8.

11.  Set function to DG with P-P AMPLITUDE and DC/
OFFSET still at 0.00. Adjust dc voltage at 5082 QUT
to 0 Vde 220 mV into apen circuit using R 132 on the
main board.

12. Set function to % and P-P AMPLITUDE to 0.00.
Repeat Step B.

4.4.6 Sine Distortion Adjustment

1. Set tunction to Y\, , frequency to 9.99 X 100 Hz,
and P-P AMPLITUDE 10 9.99.

2. Connect a scope probe (X 1] to the output of the sine
ampiifier at TP4 and ground at TP1. Connect the
other end to a low frequency sine distortion analyzer,

3. Adjust sine distortion for minimum using R85, RBA
and H88 on the main board. These pots interact so
several adjustments of each pot may be necessary tor
minimum distortion.
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Adjust for minimum sine distortion at 5082 QUT
using R 120 on the main board.

Chack sine distortion at 8.99 X 1 kHz. Re-adjust R8b,
R86 and R88, if necessary, to obtain optimum sine
distortion at 999 Hz and 9.99 kHz.

Set function to DC, frequency to 2.00 X 100 Hz and
DC/OFFSET to O 0.00. Repeat Steps 4 and 11in
Section 4.4.5 {X-Y Multiplier Adjustment).

4.4.7 Output Amplitude and DC Offset Adjustment

=]

44

Set function to DC and PP AMPLITUDE to 0.00.
Adjust R18 on the D/A amplifier board 5o that the de
jeval at the B0 OQUT connector changes tess than
10 mV at diffarent de polarity settings: “—", “0" and
Jl+!1‘

Set P-P AMPLITUDE to 889 V, function ta
and frequency to 9.99 X 100 Hz.

Adjust output amplitude to 9.99 V p-p #10mV into
a precision B0S2 load using R 10 on the D/A amplifier
board.

Set function to "\, . Adjust the amplitude to
9.99 V p-p 10 mV using R108 on the main board,

Adjust the dc offset of "y  output to less than
+10 mV using R93 on the main board.

Set function to '], . Adjust the peak voltage to
+4.995 V 5 mV using R57 and 854 on the main
board for positive and negative peaks, respectively.

NOTE

If calibration cannot be achieved, trim R44 fon

main board) so that the 7|, signal at the emit-

ter of (113 is symmetrical about ground within

200 mV.

Set function to DCand DC/OFFSET VOLTS 10 +0.99,
Adjust the outpur voltage at 508 QUT connector to
+899 V £10 mV using R22 on the D/A amplifier
hoard without a load.

Switch DC/OFFSET VGLTS 1o —9.99. The output
voltage should ke —9.99 V 60 mV. If not, re-adjust
RZ2 1o obiain optimum calibration.

Set function to 7, , P-P AMPLITUDE to 0,00 and
DC/OFFSET VOLTS to +4.99,
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10. Adjust the dc offset at the 50¢2 QUT connector to
+4.99 V b mV into a precision 502 load using R24
on the D/A amplifier board.

1. Switch the DC/OFFSET VOLTS 10 —4.99. The out-
put voltage should be —4.99 V 30 mV, If not, re-
adjusi K24 to aobtain optimum calibration.

4.4.8 High Frequency Amplitude Response Adjustment

1. Set frequency to 1.00 X 1 MHz, DC/OFFSET to
0 0.00, P-P AMPLITUDE to 289V, and function te
M, . Make sure that the output is loaded with a
pracision 50£2 lgad.

2. Adjust C75 and C77 on the main board for best look-
ing square waveform,

3. Set function to 7\, . Adjust for best amplitude flat-
ness to 10 MHz with 1 kHz as reference using C49 on
the main board.

4.4.9 Trigger Baseline Adjustment

1. Set function to v |, frequency to 9,99 X 100 Hz,
DC/OFFSET to 0 D00, and P-P AMPLITUDE 1o
9.99 V. Generator should be in TRIG mode. Adjust
ocutput voltage to 0 Vde £10 mV using B2 on the
rmain board. ’

2. Change freguency to 0.01 X 100 Hz. Adjust output
voltage to 0 Vdc ¥30 mV using R34 on the VCG
board.

3. Change function to 7\, . Adjust cutput voltage 1o
0 ¥Ydc +10 mY using R93 on the main board.

4.5 CORRECTIVE MAINTENANCE

This portion of the manual presents a systematic approach
to trouble-shooting, it is composed of two parts. Part one
(see 4.5.1) is a quick guide for locating the area of the prob-
lem. Part two {see 4.5.2) contains 12 tables which are given
a5 detailed supplements to part one.

The tollowing abbreviations are used:

Sy Mmool Waaning
Base {transistor)
Collector (transistor)
Emitter {transistar}
Gate {FET)
Source (FET)
Drain [FETI
. Diode
e e . Transistor number {n}
. Voltage between gate and source (FET)
Qutput terminal (flip-flopl
Inverting output terminai (flip-flop)

RDp<spoo@omOow
I
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4.5.1 Quick Trouhle-Shooting Guide

Symptom Corrective Action

Blown Line Fuse Replace fuse. If ithlows again, check the following:
1. Solder bridge ar wire connection shortad.
2. Q45 and/or 046 shorted in output amplifier.
3. One of the 7 transistors mounted on the rear panel is shorted 1o itself or to another
transistor through the chassis.
4. Follow Tabie 4-2 to locate the short in a particular supply.
. By-pass capacitors for power supply are shorted.
6. Relay in —24 ¥V supply is shorted.

o

+16 V Power Supply Malfunctions 1. Voltage {ow:
a. Transformer output low.
b. Extra current loading, Check for overheated and defective component in the
circuit, '
Q2 or Q3 is shorted.
. O1is open.
CR2 is shorted.
. G171 is defective.
2. Voltags high:
a. Power transistor TIP29 or Q1 is shorted.
. Q3 is open.
c. IC1 is defective.
3. High frequency oscillation {MHz}:
8. C4orChatlCl is defective.
b. One of the semiconductars in another part of the circuit is oscillating. Locate by
using hand to touch the mast sensitive area of the circuit boards.
4. Large G0 cycle noise:
a. Dirty contaci. Unplug the power board and clean the contact.
b. Defective tilter capacitar, C1 or C9.

~san

Other Power Supply Malfunctions 1. Follow Table 4-2 to locate the problem 10 a particular power supply.
2. Use similar procedure for trouble-shooting as in the +15 WV power supply
malfunctions.

Mo Quiput Signals 1. If na A, signal is present at output of A, AMPL, follow Tablz 4-3 for

troubie-shooting.

2. If no signal is presant at pin 4 of |C2 in the X-Y multiplier on main board, follow
Table 4-7 1o check out relay logic.

3. If no signal is present at both emitters of Q31 and Q32 with the v  function
selected, follow Table 4-12 to check out the X-Y multiplier.

4. If signal is seen at emitter of Q31 and Q32, follow Table 4-5 ta check aut the
output amplifier.

No N, ., ML orSYNC Qutput Foliow Table 4-12 to check out the corresponding circuit.

" Rise/Fall Time Abnormally 1. Maifunctioning ], amplifier.
Slow 2. One of the capacitors in the autput ampiifier is open.
3. C75 and C77 (output amnplifier) are not calibrated,
4. C50, Ch3 or C5Z in X-Y multiplier is open.

45
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Cuick Trouble-Shooting Guide (continued)

Symptom

Frequency Accuracy Out of
Specification

High Frequency Qutput Has
Abnarmal Ringing

High Sine Distorticn at Low
Frequency

High Sine Distortion at High
Freguency

Unsymmetrical

Amplitude Accuracy Qut of
Specification

DC Offset Accuracy Qut of
Specification

TRIG and GATED Mode
Inoperative

46
11472

Corrective Action

1. Check frequency calibration.

2. Check for defective C10, C16 to €23, CR18 and/or CR20 on main board, if
problem is in X 10K to X1 MHz ranges.

3. Check capacitance multiplier, if problem appears in X0.001 to X1 ranges only,
using Table 4-8.

4. Check digit switch, D/A converter of frequency section, it problem appears to be in
frequency setting, using Table 4-9,

5. Check VCG and D/A amplifier for frequency linearity problem in all ranges, using
Table 4-4.

6. Follow Tabie 4-10 for frequency ranging prablem,

1. CE9 or. output amplifier is open.
2. Defective capacitor in output amplifier.

., amplitude and time symmetry calibration is off.
. Defective sine converter.

. Sine converter or X-Y multinlier calibraticn is off.

. Dirty contact on power suppiy board.

L

f, also fooks bad, if problem is in the output amplifier.

. Defective capacitors C10 and C16 to €23 in Ny amplifier.
. Defective C29% to €34 in sine amplifier.

. Defective sine canverter.

£ b =

Follow Table 4-4 to check out the VCG cireuit.

. Check calibration.

. Check far defective C2h, C31 and C&7 for freguency linearity problem over 1 kHz.
. Check digit switch and D/A converter for amplitude setting problem, using Table 4-9.
. Follaw Table 4-8 for amplitude ranging problem,

. Check X-¥Y muitiplier, using Table 4-12.

o) R -

. Check calibration.
. Check digit switch and D/A converter for offset setting problem, using Table 4-9.
3. Check for zero offset of X-¥Y muliiplier and output amplifier.

B =

1. Check trigger and gated control switches.
2. Check for correct signals in the trigger circuit, using Table 4-11,



4.5.2 Trouble-Shooting Guide Tables

4.5.2.1 POWER SUPPLIES

Use Table 4-2 to localize the problemn to a particular power
supply and associated loading circuitry. In some cases, it is
necessary to furn on the power of the unit no more than

ManualsPlus.com

ong or two seconds at a time to prevent it from blowing
fuses and further damage circuit components,

NOTE

Be sure to use the correct ground in the folfow-
ing voltage checks.

POWER
SUPPLIES
CHECK

POWER CON &
FUSE BLOWN?Y

Table 4-2. POWER SUPPLIES

YES NO
gg&;ﬁ% Jngsz +15 vV SUPPLY |YES| _y5 v supppy |YES! 424 v suppLy [YES| _og v suppLy [VES
RMAL? —
BOARDS R NO NORMAL? NORMAL? NORMAL?
NO NO NG NO
h 4 -
TURN ON PROBLEM PROBLEM PROBLEM PROBLEM
REPLACE POWER FOR 1 IN+15 v IN--16 IN 24 V IN —24 v
RSt & TURN SEC AT A TIME, SUPPLY OR SUPPLY OR SUPPLY OR SUPPLY OR
IF POSSIBLE, ITS LOADING ITS LOADING ITS LOADING (TS LOADING
POWER ON
CHECK THE CIRCUITRY CIACUITRY CIRCUITRY CIRCUITRY
FOLLOWING
CHECK FOR
FUSE BLOWN SHORTING | t8VSUPPLY |YES! +23v SUPPLY JYES| -23 v SUPPLY
AGAIN? CIRCUIT & NORMAL? NORMAL? NORMAL?
COMPONENTS
YES NO NO NO NO
1 k 4 h
EHE%JZ? REPLACE PAOBLEM PROBLEM PROBLEM
TRANSEOR. POWER IN+6 V N+23v IN =23V
MER & POWER BOARDS SUPPLY OR SUPPLY OR SUPPLY DR
SWITCHES & FUSE ITS LOADING ITS LOADING ITS LOADING
: CIRCUITRY CIRCUITAY CIRCUITRY
kL
CHECK FOR
SHORTING
POWER TRAN-
SISTORS ON
REAR PANEL
OF CHASSIS
47
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Table 4-3. TRIANGLE AMPLIFIER, COMPARATOR, AND HYSTERESIS SWITCH

TROUBLE- MAKE SURE CHECK FOR CHECK FOR
sHooTing | NNO :;ggg::g”” YES| TRIG & GATED BEFECTIVE DEFECTIVE C10 OR CR2
VCG CERCUIT NORMALLY? SWITCHES ARE TRANSISTORS [ | COMPONENTS IS SHORTED
(TAELE 44) ! NOT PUSHED Q17O Q7 CR3,CR4.......
. IN - .
YES y NO NO
TROUBLE- LL POWER
SHOOTING | NO SUPPLY oneTion YES| SHORT G . S‘Stirafég At [ves| voLTace
POWER N VOLTAGES CR11 & CR12 g;gjgg ™ COFQ3TO AT E OF 05
?%J:;téﬁim NORMAL? <-1.25V? ~0,BY R2 TV
* NO YES
NO I !
A, A, PROBLEM (S A, E OF Q8 VES
GENERATOR IN THE TRIG- AMPL p| 24V a
LOOP CHECK ENERATOR GER LOGIC OR IS NORMAL Eorais D)
BASELINE ~_24Vi
COMPENSA-
YES TION CIRCUIT NO
' r
SEE OTHER
TABLES FOR CR1315 NO | VOLTAGE NO io; Eﬁr & |[YES
AENORMAL OPEN OR  [#—| ACROSS CR13 M4 € OF 016 -—.@
A, WAVE- SHORTED "7 W ~
FORM +24 V7
YES
¥ L
CHECK FOR
410 V? DEFECTIVE TRANSISTORS
CAPACITORS
1 YES 3
ss?ogrﬁgé)'& REPLACE REPLACE CHECK FOR
LS foR DEFECTIVE Q8 OR (114 DEFECTIVE Q8,
ABNORMAL A, Ic1 Q10,011 & G13
' 3 F F 3 I
? YES NO NO NO
DISCONNECT WATH G11 OFF,
THE SHORT o Vv ourput [NO VOLTAGE AT gé%ngLéléD YES| @10 ON, E OF EEEE’ETF.SZ'
™ OB " — 2.
oFa2 AT GOF a3 101237 OFE Sorais CR18, CR20,
R+2.4 V &014
YES L3 i
G) | YES
YES [ves
NQ | VOLTAGE AT VOLTAGE AT VOLTAGES CA101S
(2)+—{ GOofaa e BOF Qs NO| across r3z | NO| suorTED OR
<126 V7 %07V BELOW =1V, ACROSS IC1 1S DEFEC-
B OF Q8? RS2 A 0 V7 TIVE
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Tahle 4-3. TRIANGLE AMPLIFIER, COMPARATOR, AND HYSTERESIS SWITCH (Continued)

09 SHOULD WITH 210 OFF, .
NO YES QUION,E0F INO HECK FOR
ivavar R B BE ON & Q14 Q127 24y » DEFECTIVE 8,
OFF E OF OB Q10,011 & Q13
=+3.4V
F 3
YES
VOLTAGE VOLTAGE CHECK FOR
B> Buniean: |YES aTBOFQ9 [NO | AcROSSRe2 |YES | DEFECTIVE
C_125v7 "] 0.7 V BELOW "l =1v, ACROSS CR18, CR20,
' BOF Q142 R32 ~0V? Qg & Q14
NQ
¥ - X
MUST BE BE- PROBLEM CRI IS
TWEEN 31.35 V.| ypo STILL IN Ay SHORTED
IS VOLTAGE * AMPL BACK TC ORICT IS
AT G OF Q2 START OF DEFECTIVE
ALSO BE- THIS TABLE
TWEEN £1.25v
YES
Yy
MAKE SURE CHECK FOR
(G)—] VoS CifcUIT J Shomeot .| DEFECTIVE
IS OPERATING | c20rca "] CR14TOCR17,
NORMALLY CR11 & CR12

49
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Table 4-4, VCG AND CURRENT SQOURCE

TROUBLE- 'REPLACE
SHOOTING LEAKY Q82
POWER ON MAIN
SUPPLIES BOARD
F 3 [ 3
NO NO
POSITIVE REPLACE
v ALL POWER VOLTAGE | YES c?:snnsm LE Axvcuaa
SHECK SUPPLIES ACROSS R8 *  SOURCE ON MAIN
NORMAL? =0 I50.K. BOARD END
YES F 3 4 &
1
, YES s NO
SET FREQ TQ NEGATIVE
9.89 X 1 ¥z, PIN 2 OF pingor |YESH YOLTAGE |YES{ cUmReny
TRIG & GATED IC2=+10V? ICE=—-10V? - 07 SOURCE
SWITCHES OFF 1S QK.
NO NG
¥
VOLTAGE AT |vpg! VOLTAGE  |YES| VOLTAGE YES| VOLTAGE [ygg| VOLTAGE |ygg
JUNCTION OF | ATPINZOF |—8 ATPIN3OF ¥ ATPINZOF r—a ATPIN3OF |—{(7)
R24 & R25 IC1=0v7 €2 = +10V? IC4 = —5 v? ICE= —10V?
=5 V7
NO NG NO NO NO
r F y
HECK F
PROBLEM IS CHECK FOR VOLTAGE CHECK FOR voLTAGE [ves| Setenton
DEFECTIVE A1, DEFECTIVE Q2 > E
IN D/A BD OR o ACROSS IC4 & ASSOC ACROSS IC5, CR6 &
D/A AMPL BD 11 & ASSQC R3=0Wv? R27=0V? ASSOCIAT
CIRCUITRY CIRCUITRY cmcg:mED
NO  |ygs NO
I X\ r
CHECK FOR
REPLACE DEFECTIVE REPLACE
LEAKY Q1 IC2, CR1 & LEAKY Q2
ASSOCIATED
CIRCUITRY
VOLTAGE CHECK FOR
TRIG BASE- SELFREQTO ACROSSR33 INO| ..o |YES| DEFECTIVE
Sa o TRIG & GATED[ phtivaves " m22vz COMPONENT
SIS 39 iN THIS
CUIT CHECK SWITCHES GFF 5 V)7 CIRCUIT
YES NO
CHECK FOR
THIS CIRCLIT DEFECTIVE
15 NOBMAL a3, a5 &
IF Q515 ALSQ WRONG VALUE
NOAMAL OF R40, R41

4-10
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Table 4-5. OUTPUT AMPLIFIER

CHEC
OUTPUT AM- TROLUBLE- CHECK FOR CHECK FOR E OF 036 NQ | K FOR
sHooTING [N DEFECTIVE E DEFECTIVE
PLIFIER PER- DEFECTIVE CE0 TOCB3 & =18 Y ves | Q33,0343
EODMANCE Xy ML Q31 & 032 THE BIASING FROM @ 2 —*  ASSOCIATED
TPL CIRCUIT CIRCUITRY
F 3 ry -»
NO NO YES
SET FUNCTION VOLTAGE AT E OF Q33
ALLPOWER [VES} 10y e pppser | | EOF 031= ~ve |5yl 033IS
SUPFLIES ™ ¢ AMPLITUDE ™ EoF Q32 EOF 034 SATURATED?
NORMAL? TO 0.00, NO A9V FROM 307
LOAD & 7 T
ND YES NO
i YES v
TROUBLE- TROUBLE- DC GFFSET ™ ChEck FOR
NO YES E OF 036 NO
SHOOTING SHOOTING Lo Efg?}ggll; » Q320R QM5 ~0VEROM |ves DEFECTIVE
POWER DC OFFSET AT RIAT R171 SATURATED? ¢ 7 »| Q36, Q37 & Q38
SUPPLIES B/A AMPL ALRLALRTT,
= NO
L
OUTPUT AT RELAY ¥12 iS5 THEN AMPL
Q35 NOAMAL |ygg| THIS PART OF SOSOUTIS |NO| OPENINOUT- | NO| SHOULD BE
OR OPEN1? 15 NORMAL OR % _17 ¥? CR38 OR CR32 OUTPUT TO
15 SHORT TO "\, &TRY
NO YES GROUND {F=D
r
CHECK THE RELAY K11 8 OF Q41 CHECKX FOR
v &I1Ts |[NO! sHouLhBe [YES =+19va NO| SHORTED C76,
REPLACE HELA
a1s DRIVING *—1 ENERGIZED, M poF Qa2 » gisz,gﬁéoﬂ,
K10 =19 V7
LOGIC BUT NOT O
YES CIRCUITRY
L
CHECK FOR v..OF 043 |[no
DEFECTIVE 3 Bas NOR- > ?E:h’;f;.rgf
Q43 & Q44 MAL (0.7 V]?
[ Y ?ES
NO |
CHECK FOR YES E OF Q40 YES| ns3is NO| Qaais NQ C:EE:;;EE
DEFECTIVE A = SAT SATURATED? ™ D
040, 030 & 038 +1av? URATED? D45 o 046
F Y YES
4-11
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Table 4-6. CAPACITANCE MULTIPLIER

SEE TABLES CHECK THE
;Sgg?l'fé 43, 44 FOR RELAY & ITS
VCS CIRCUIT LOW FREQ DRIVING
PROBLEM CIRCULTRY
F 3 r 3 I
NO YES NO
CAP MULT PROBLEM RELAYS K4 ON
PERFOR- SHOWSUP | YES) SETFREGTO A GENERA- | ol BD 18 & K& ON | "ES| SHORT PIN 3
MANCE ONLY AT X1, X1 Hz RANGE "I TOR RUNNING? MAIN BD OF I1C3TO GND
CHECK X0.1, X0.01. & : CLOSED
X0.001 RANGE?
NO
L
- CAP MULT
=07 ATING NOR- » G1OF Q6 = M NORMAL » SHORT AT PIN
MAL G2 OF Q67 IFQ7 & dﬂ 30F IC3
NORMAL
NO NO
L A b
CHECK FCR REPLACE QB & |, no | CHECK FOR
DEFECTIVE REMGVE THE ['™°| cHECK FOR ~ | DEFECTIVE
IC3 & ASSOC SHORT AT PIN DEFECTIVE 06 07 & ASSOC
CIRCUITRY 30F IC3 CIRCUITRY
Table 4-7. FUNCTION LOGIC
COMPONENTS
\ asg  Qs9 Q60 061 a62 063 Q64 K7 K8 K8
FUNCTION _
AV X X
N X X X X
m, X X X X X
DC x X b4 X
{Also see Table 4-8)

NOTES: 1. Far standard logic only. For inverse logic, interchange Q58 with 059 and Q60 with 061,
2. For TRIG and GATED logie, see Timing {diagram, Table 4-11.
3. The transistor or relay with X" isin an “ON’ state.
4-12
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4522 AMPLITUDE RANGING CONTROL LOGIC 1. At X0.1 range, only Q48,049,051,056 and K13 are "ON"'

and all other transistors and relays should be “QFF™.
Table 4-8 is provided as a hirt for trouble-shooting ampli- 2. Relay K12 should never be “ON"' when K13, K14 or
tude ranging control iogic. K156 is "ON".

Table 4-8. AMPLITUDE RANGING CONTROL LOGIC

& ALL COMPONENTS ARE ON MAIN CIRCUIT BOARD
% STANDARD LOGIC ONLY, FOR RELAY | (K1,D/A
%
% INVERSE LOGIC, INTERCHANGE OR AMPL
%, | Q47WITH Q48 AND 049 WITH 050 | LOGIC | BOARD)
AmeL \* - DRIVER
RANGE 047 o048 | oas 050 (ON} K10 1k11 | K1z | K13 | K14 | K15
Q54
X1 X X o X X
Q57
X0.1 X X 056 X
052
X0.01 X X 056 X
053
X0.001 X X Pt X
Rﬁ;“:::t Not Not Q57 « y «
li i [
Table 4-7 Applicable Applicable Q55

KNOTE: The transistor or refay with "X is in an "ON” state.

4-13
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45.23 D/A CONVERTER with the table, check for correct voltage at the connector
and the associated circuitry.

The D/A converter can easily be checked out by comparing Pin No, 1 at the connmector is the summing node of the

the voltage level at the cathade of each switching diode ac- D/A amplifier and should be O Vdc, If not, the problem is

cording to Table 4-9. If the valtage level is not in agreement in the D/A amplifier,

Table 4-9. D/A CONVERTER

PIN NUMBER AT CONNECTOR
i i
DJA CONVERTER BOARD DIODE {CR) NUMBER (VOLTAGE AT CATHODE) _

FREQ

AMPL OR

OFFSET

SETTINGS 3 4 6 6|7 8 9 11|12 13 14 156 40 37 34 30127 24 21 17|14 11 8 4
0.00 9 0 0 0|0 ¢ O OO0 O 0O O L £ L LjL L b LjJjL L L L
.11 1 00 0|1 0 0 O0O|1 ¢ 0 D H L L L|H L L LJH L L L
2,22 O 10 0(2 1 0 O0[D 1 G O L H L Lf{L H L L}L HLL
3.33 . i1 0 01T 1 0 0)j3% 1 ¢ O H H L L|HH L L|IH HLEL
4.49 O 01 0|0 O 1 0j0 0 1 O L L H L{L L H L|L L HL
b.5b 1 01 01 ¢ 1 0p1 & 1 0 H L H LIH L H LIH L H L
B6.G6 o 1 1 00 1 1 Q)]0 1 1 O L HH LILHHL|L HHIL
1.77 t 1.1 0oy1 1 1 0t 1 1 0 H HH L|HHMH LIH HHL
8.88 4 0 0 1|0 O 0 1;0 C¢ O 1 L L H HfL L HH|L L HH
9,99 t o0 1|1 0 0 111 0 01 H L HHfH L H H|H L HH

NOTE: H = +6V.
L= 0V
1 is>> 2.4 V for standard logic, < 1 V for inverting logic.
O is < T V for standard lagic, > 2.4 V for inverting logic.

4-14
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4524 FREQUENCY RANGING LOGIC
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2. Frequency stays the same at all ranges from X0.0017 1o
X 10 Hz, if relay K6 is not energized or is opan.

Table 4-10 is provided as a hint for woubleshooting fre-

quancy ranging and calibration problems. A few typical 3,
examples are listed below to clarify the use of this table.

—_

as at X1 MHz range, ete.

. Defective 016, C12, K3, B39 or K6 will cause abnormal 4,
frequency output at X1K range. Shorted C3 will have
0 Vdc output. Ineperative K4 will have frequency output

Freguency out of specification at X10K, X0.1M and
X 1M ranges indicates that R40 is not propetly calibrated.

Each pair of transistors, Q1 and Q2, Q3 and 04, 05 and
06, and Q7 and Q8, should never be “ON"" ar "QFF"
simultaneously. 11 this oceurs, all frequency ranging is
wrong, or there is no ranging control at all.

Tabie 4-10. FREQUENCY RANGING LOGIC
Cé?z, TRANSISTORS ON FREQ MAIN BD VCG BD O/A AMPL BD
"% RANGING BOARD RELAY |cs
’%“% {See Noto 1) ) gg}c g; cH c1zc13g:; :‘ITJPLT ii: :2: 2:3 R37 R38 R3S R40
FREQ - DRIVER
RANGING|Q102|0Q304|0506[Q7 08| (ON)} | K1 K2 K3 K4 Kb K6 K2 K3 K4| K4 Kb K6 K7
X0.001 X X X X 2?3 gﬁl X X X
X0.01 X| X X X g:g' gﬂ X X X X
x01 |X x[x |x o] 3 o X X X X
X1 X X| X X g:g g?; X X X| X
X10 X X X| X Q14 X X
X100 X[ X Xl X Qib X X
XK X X Xl X Q16 X X
X10K X X XX 01(?1:,20018 X X
xoam X [x  |x x |18 319 x x
XM x| X .4 X |Q1s, Q20 X
NOTES: 1. For standard contrel lagic only (for inverse fogic, interchange each pair of transfstors).

2. The transistor or refay with X" is in its "ON" state.

4525 TRIGGER AND GATED LOGIC TIMING

For trouble-shaoting the trigger, set the generator at GATED
mode, Refer 1o Table 4-11. Draw a verticai line an the
timing diagram along t, or 1,, depending on whether the

TRIG LN signai is low or high, and check for correct voltage
leveis accarding to the timing diagram.

After the GATED mode has been checked out and is work-
ing narmelly, the TRIG mode can be checked in the same
way but concentrated in the Q78, Q77 area,

4-15
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R289 {from remote switch)

a
+
R282 (from remote switch)
a
+
TRIGIN
+2V
C of Q70D
—2V
+2V
CofQ71
—2V
+6V
Cof Q72
4]
H.7 vV
8 of O76
-5 YV
%
C of 076
a
+1.4V
Cof Q77
-4V
+25V
E of Q79 {sync)
=25V
+
Cof QB0
1]
+4 vV
G of iC4
0
+2V
Junction of CR23 and CR92
-2
+1.26v

Junction of R8 and R9
—1.25V
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Tabie 4-11. TRIGGER AND GATED LOGIC TIMING DIAGRAM

TRIGGER MODE

GATED MODE CONTINUOUS MODE

e

1, ty

N TRIG ¢
LEVEL!

%

— e — o — e | i | —

;_l
|
l

e —

—
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Table 4-12. KEY SIGNAL AND VOLTAGE

A, AMPLIFIER, COMPARATOR AND HYSTERESIS

SWNITCH

Test Point Typical Voltage
G of Q2 26V pp v ,0Vdeoffset
G of 03 26V pp "\ .0 Vde offset
E of 05 26V pp Mo =T vde offsat
pins 1 and 4 of I1C1 See Table 4-13
Pins 2 and 8 -3V
Pins 3and 9 —3FV
£ of Q14 +6.8 Vdc

8 of Q14 and 09
E of 08 and Q13

See Table 4-13
See Table 4-13

E of Q12 +10 W
R42 and R4G -3V
junction
S of Q82 +10V 10415V, dependent on frequen-
cy setting
S of 083 _10 ¥ 1o —15 V, dependent on fre-
guency setting
"\, CONVERTER AND AMPLIFIER
Test Point Typical Voltage
Pin 2 of Al Gee Table 4-13
Pin 4 of Al +14 vV
Pin 1 of Al —14v
Pin 5 of Al momy pp v 0Vde offset
R75and RVE 26V pp N, .0Vdc ofiset
junction

g of Q17 and (18

18V

SYNC AND SQUARE AMPLIFIER

Test Point Typical Voltage
R84 and R56 24y L

junction
CR27 cathode +126 V TL 1
RY5 and R96 +1.35v L

junction

AUX AMPLIFIER

Test Point Typical Voltage
E of Q26 oto+B8Y "L
E of 027 +3BY
C of 029 Dto+6V "y .<5nsRFtime

¥-¥ MULTIPLIER

Test Paint Typical Voltage
R111 Seiected signal { Ny . v . M, or
De)
R110 VCA input, voltage dependant on am-

Pins 8 and 12 of
ic2
Pin 5 ot 1C2

Pins 6 and 11 of
W2 .

Pin 10 of IC2

Pins 3 and 13

Pin 1 of 1C2

E of Q32

E of Q31

Test Point

plitude setting
0 Vdc

Same signal as at pin 4, but =14V
oftset
—1.4 ¥V

_1.4 V below pin 9

—i35 ¥V

16 V

Selected signal output, +9 Vde offset,
amplitude dependent on setting

Inverted output of Q32

OUTPUT AMPLIFIER

Typical Voltage

A

oltage between
= and

E of 033

E of O34

R157 and R158
junction

E of Q3b

E of 038

B of Q41

E of Q42

B of 042

E of Q44

R166 and R168
junction

E of Q37 and Q39

E of Q40

R19Z and R123
junction

—1ta +1 V (when floating

+19 Vdc
—19 Vdce
+0.7 Vdc

Setected waveform, 0 10 1V p-p
110V H V¥

+19 Vdc

+19 Vde

—19 Vdc

—19 Vde

+0.7 Wdc

+19 Vde
+2Vio+18V
Main output, £15 V maximum

D/A AMPLIFIER

Pins 2 and 3 of all D/A amplifiers (1G1, 1C2 and 1C3) are
0 Vde. Their output voltages are dependent on front panel

and remote control

settings. The gain of iC2 will gecrease

to % when dc output is selected and K1 is closed.

4-17
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Table 4-12. KEY SIGNAL AND VOLTAGE (Continued}

VCG AMPLIFIER AND TRIGGER BASELINE

Test Point

R24 and R25
ncticn

S of 01

Pins 2 and 3 of 1C2

Sof Q2

Pins 2 and 3 of ICH

Vas of Q3

R36 and R37

E of OB

R36

=
Voltage is dependent on a frequency setting of 0.00 to 9.85,

COMPENSATION
Typical Voltage
Oto -6 V"

ov

+15t0+10 V"

Ot ~-5V"

—151c —10 V"

Vo181 " Vezs2

Voltage across both are equal

122V

Voltage across R39 and R29 are equal

CAPACITANCE MULTIPLIER*
Test Point Typical Voltage

Gland G2of 08 1125V 7\

Pin 6 of IC7 [, . amplitude dependent on fre-
quency setting

Pins2and 30f IC3 2126V 7\

Pini B of 1C3 1750V

*The above information applies it the frequency range is at
X1 Haz.

4-18
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Table 4-13. KEY WAVEFORMS

Test Paoint Waveforms
AUX QUT
+1.26V¥
G of Q2
G of Q3
—1.29V
+0.7T vV
Bin 1 of ICY
—NE5Y —
] +H)5 WV
Pin 4 of ICY
0.1V
+7 v
Bof Q14
5.3V
+7V
B of Q9
+5.3Y
+24V e e i)
E of Q8
—2.4V
124V
Eof Q13
-24V
+2V
CR16 Anode
-zV I
+2V

CR 17 Cathode

-2V

+0.6 V

P2 of Al /—/\ \//\
—0.6Vv
+0, 12V

P5 of Al /\_/\\

~0.12v
+1.26V

R75 and R76
—1.28V

419
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SECTION

DIAGRAMS, ADDENDA AND PARTS LISTS

5.1 DRAWINGS

The following assembly drawings {with parts lisis} &nd
schernalics are in the arrangement shown Dalow,

5.2 ORDERING PARTS

When ondering spare pans. pléase specify parl nurm
ber, cireuit reference, board, serigl number of unit
and, il appiicabie. the lunciion performed.

5.3 ADDENDA

Under Wavetek's product improvamenl program, Lhe
latest electronic designs and circuits ard incorpoeraled
into sach Wavetek instrument as quickly as develop-
ment and testing permit. Because of the time needed
1o compose and print natruction manuals, it s not
always possible Ia inciude the most recent changes in
the inltigl printing. Whenaver this occurs, addendum
pages are prepared to summarize the changes made
ang are ingered immediately Inglde the rear cover. It
na Such pages axist, the manual is correct as printed.

CROSS REFERENCE FOR DRAWING HUMBERS

Crawings 0id Numbar Naw Numbar
Chassis Schemallc 154288 000A-DU-D041
Chaesic Assy 150000 GOO2-00-0300
Chassis Farls List - 1101 0041
Maln Board Schamalic 154215 D10 HNES
#aln Boarg Assy 15415 010700085
Main Beard Partg Llsf - 1103085
Patch Block Assy 154-024 1205-00H04BG
Paten Bigck Partg List - -
Mathar Board Assy 154010 D101-K-0080
Mothar Board Pang List * TIDCHKHO0BD
16V, 24V Powa: Supply 154-211 MO3-HHGB 1

Schemalic
168%, 2av Power Supply Aggy 15401 O1D1-D0-0081
16Y, 24¥ Power Supply . 1101-00-0081

Parts Lisl

&Y, 23v Powar Supply 1543 O3-0(HK8E
Schematic

&Y, 23V Fower Supply Aasy 15421 D107 -HD0HS

&V. 23V Powar Supply . 1100-00-0085
Prars List

*Sarme 45 assernbly number .

Drawingss Old Humbar  New Numbar
D-A Canverter SShanrztitc 154213 01023-00-0083
O-4 Converter Asme 15403 0101-00-0383
D-A Canvarter PArE L * 1100000841

Frequency Ranga Bfhamapz: 154212 01 03-00-0082

Frequency Range Agsy 154002 0101-60-0082
Frequency Range PErded k. » 1100000062
o4 Ampiitler Schematic 184-214 033000084
D-A &mptiler Agsy 154014 M H-000084
D-A Amplifies Parts List * 11 M- 0G084
VYOG Board Schematle 154216 0103-00-0086
YOG Bosrd Aasy 154018 0101 L0086
VCG Board Faris Lisi * 11 00-00-0086
Translstor Mouniig Board 154017 0101-DO0087
Assy
Transistor Mounting Board * 1106000087
PFans L
Rear Panal Asey 154-0 010000311
Rioar Panal Paris List * 100072
Exlonder Board Aszy 154018 O101-00-0088
Exlendar Beard Paeie Liat * 1 1IHHKBE

&1
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54 RECOMMERDED BPARE PARTS LIET

Inforcation is provided to maintain the instument on 2
baard or component level. Price and dalivery infarmation
stouid be obiained From the Wavetak rapresariative in your
area or directly from the factory. L

DESCRIPTION . MEG
BOARD LEVEL
15 V, 24 V POWER SUPPLY BUARD WAVETEK
FREO AANGING BOARD WAVETEK
D/A CONVERTER BOARD WAVETEK
O/A AMPLIFIER BOARD * - WAVETEK
VCG BOARD WAVETEK
&V, 23 V POWER SUPPLY BOARD - - WAVETEK
COMPONENT LEVEL ' -
DICDE TUNMEL .. BE
DiGDE *i * SEMTECH
DIGDE - - " FAIRCHILD
BIDOE . . FAIRCHILD
*DIOOE  -69 <. FAIRCHILD
DIODE ZEMER " WAVETEK
FUSE kA 115V + UTTELFUSE
FUSE k& 230V T LITTELFUSE
*INTEGRATED CKT —13 " FAIRCHILD
* INTEGRATED CKT_ —14 - FAIRCHILD
INTEGRATED CKT . "TRCA
INTEGRATED KT " RCA
INTEGRATED CKT MOTOROLA
INTEGRATED GKT MOTOROLA
LAMP  MURA
RELAY " IENCD
RELAY JENCO
SINE MODULE . WAVETEK
TRANSISTORS FAIRCHILD
TRANSISTORS FAIRCHILD
TRANSISTORS FAIRCHILD
TRANSISTGRS t FAIRCHILD
TRANSISTORS ;. MOTOROLA
TRANSISTORS . MOTORQLA
«TRANSISTORS ~52 E MOTOROLA
*TRANSISTORS -53 r MOTOROLA
*THANSISTORS —B4 ~. MOTOROLA
*THANSISTORS —55 * MOTOROLA
*TRAANSISTORS -66 _MOTOROLA
TRANSISTORS TEXAS INST
TRANSISTORS TEXAS INST
TRANSISTORS . TECH PROD

* Danotes special selected parts and should ba ordered frim Waversi

PART NO.

154-011
164012
154-013
154.014
154-018
1E4-021

1NITI6
SCE1
FOF77
FDAEE6
FDBGES
1506

A13-500
A13-250

WwATORC
WATORC
CA3D28A
CA3D4E
MC1595L
MC 30508

BF 26/40

RRI0-1023
ARJC-1024

B142-01

2M3e38
23842
2MN3845
2N4248
MFS LD8
HNIH05A
2N 36D
2N5485
2M5485
INE482
2MIZTT9A
TiF 28
TIF 30
TP 38
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