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All Wavetek instruments are warranteed against defects in material and workmanshipfor a period

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 use, during this period .

Wavetek'sobligation under this warranty is limited solely to repairing any such instrument which in

Wavetek's sole opinion proves to be defective within the scope of the warranty whenreturned

to the factory or to an authorized service center . Transportation to the factory or service center

is to be prepaid by purchaser . Shipment should not be madewithout 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 with instructions furnished by Wavetek. If the instrument is

defective as a result of misuse, improper repair, or abnormal conditions or operations, repairs will

be billed at cost .

Wavetekassumesno responsibility for its product being used in a hazardous or dangerousmanner

either alone or in conjunction with other equipment. High voltage used in someinstruments may

be dangerous if misused. Special disclaimers apply to these instruments . Wavetek assumesno

liability for secondary charges or consequential damagesand, 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 recommendationsmadeby Wavetekfor use of its products are based upontests believed to be

reliable, but Wavetek makesno 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 assumefor Wavetekany liability in connection with the sale of our products other

than set forth herein .
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Wavetek maintains a continuing program to make improvements to their instruments that

will take advantage of the latest electronic developments in circuitry and components.

Due to the time required to document and print instruction manuals, it is not always

possible to incorporate these changes in the manual.

Wavetek has manufactured your instrument, using metal film 1%tolerance resistors in place

of 5% carbon resistors, wherever practical . This results in a substantial improvement in

the overall performance of your instrument . Therefore, there mayexist a discrepancy between

the resistor used to manufacture your instrument and the resistor called out in the Parts List

and Schematic Diagrams in this manual.

If field replacernent of an affected resistor does becomenecessary, replacement maybe made

in accordance with the manual call outs . Wavetek, however, recommendsreplacement with

the same type of resistor used in the manufacture of your instrument, whenever possible .
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SCOPEOFMANUAL

This manual provides instructions for operating, testing,

and maintaining the Wavetek Programmable Waveform

Synthesizer . Sections 1 through 5 include the necessary

information for the basic Model 157. Section 6 consists of
Difference Data that describe specific differences, if any,

from the basic model,

SCOPEOFEQUIPMENT

The Model 157 is a precision source of selectable sine,

square, or triangle waveformsthat are generated from 100

yHz (2 3/4 hours per cycle) to 1 MHzin 10 ranges. Output

amplitudes are selectable from 1 millivolt to 10 volts,

peak-to-peak, into a 50-ohmload . This instrument incorpo-
rates a voltage-controlled generator that maybesweptover a

1000:1 frequency ratio with a 0-volt to 5-volt analog input

for frequency modulation of the selected output frequency .

Four modes of operation can be programmedwith the

front-panel controls . Three modesof operation are pro-

grammablefrom a remote source by static logic levels or

contact closures . Frequency, amplitude, and function also

are programmablefrom either the front-panel controls or a

remote source .

The instrument is packaged for mounting in a standard

19-inch rack or for operating on a test bench.

MODESOFOPERATION

Front-panel pushbutton operation provides the following
operational modes:

1 . VCGwith manual calibration .

2. Automatic calibration .

3. Trigger .

4. Search.

Remotelogic-level or contact-closure programmingprovides

the following operational modes:

1 . Automatic calibration .

2. Trigger .

3. VCGwithout manual calibration .

VCGWith Manual Calibration Mode

This modeis selected at the front panel for accurately

calibrating the output frequency . After calibration, the

Model 157 may be swept about the calibrated center

frequency with a VCGinput .

Automatic Calibration Mode

Trigger Mode

Search Mode

VCGWithout Manual Calibration Mode

SECTION

I I N

This modeis selected at the front panel or programmed

from the remote source to provide an accurate fixed-

frequency output by closed-loop operation .

This modeis selected at the front panel or programmed

from the remote source to place the Model 157 in a

standby state until a positive pulse is applied through a

connector on the rear panel . Thestandby state for the sine

and triangle waveformsis 0-volts dc. For the square wave,

the standby state is the positive peak value of the

programmedamplitude . A tone-burst output starts at the

positive-going edge of the input pulse and continues, at the

programmedfrequency, for the duration of the pulse plus

the time required for the generator to complete the last

cycle . Another front-panel pushbuttom permits a single

cycle of the programmed frequency to be generated

without an external pulse input . Thesamefunction can be

accomplished remotely by injecting an input pulse having

less duration than a single cycle of the programmed

frequency .

This modeis selected at the front panel for sweeping the

entire selected frequency range to find a specific frequency .

In this mode,digital programmingof frequency is disabled

and the generator functions in open-loop operation .

This mode is obtained in remote-control operation when

none of the preceding functions are programmed. In this
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mode, the generator is in the open-loop operation and the

output frequency is determined by the digitally-

programmedfrequency and a VCGinput signal . If the input

signal is dc, the generator output frequency will be the

digitally-programmed frequency proportionally modified

by the level of the input signal . A positive input level

increases the generator output frequency, and a negative

level decreases the output frequency . If the input signal is

ac, the output frequency will be frequency modulatedover

a band that is proportional to the signal amplitude at a rate

that is equal to the signal frequency .

REMOTECONTROLOPERATIONS

Transfer of control to a remote source is accomplished by

depressing the REMOTEpushbuttons and turning the

rotary switches to their R positions . Control of generator

mode,function, and each rotary switch maybe transferred

to the REMOTEconnector collectively or independently .

(Refer to Operations section .) Anyor all of these controls

maythen be programmedin BCD/binary format at the

50-pin REMOTEconnector on the rear panel . Synchro-

nizing, trigger, and VCGinput signals are connected to the

Model 157 through separatt BNCconnectors on the rear

panel for either local or remote-program applications .

Programming an automatic calibration commandsimul-

taneously with a synchronizing, trigger, or VCGinput signal

is a not-allowed operation .

FUNCTIONALDESCRIPTIONS

Programming

Operation by contact closure (local/remote) or by auto-

matic data processing (ADP) is controlled by binary states .

Thecoding format is modified BCD,BCD,or binary . The

coded program controls numerical frequency, frequency

range, numerical amplitude, amplitude range, function

selection, and generator modeselection . Circuit functions

are implemented by reed-relay contact closures and cligital-

to-analog converters (DAC).

In the simplified block diagram of Figure 1-1, all switch

symbols represent a switching function that can be com-

mandedeither remotely or locally . The binary code is

converted by the frequency DACinto an analog voltage

which is applied to an inverter anderror-sensing circuit . The

outputs of these circuits establish the operating state for

the voltage-controlled generator (VCG).

Error LoopOperation

The inverter input to the VCGis disconnected in the search

1-2

mode (represented by S1 in Figure 1-1) so that the

frequency range maybe manually swept with a front-panel

control . The frequency error-sensing circuit is disconnected

in search, trigger, and VCGmodes. In automatic calibra-

tion, this circuit operates in closed loop and corrects for

frequency drift .

The error-sensing circuit operates between 100 Hz to 1

kHz. Therefore, whenthe programmedfrequency is greater

than 1 kHz, the divider circuit is automatically switched

between the output of the hysteresis switch and the

error-circuit input (represented by S3)-

Thedivider circuit consists of three cascaded divide-by-ten

counters that are progressively engaged as the frequency is

increased . With all three circuits engaged, the divider output

is 0.001 of the input frequency which reduces the top

frequency range of the generator to within the error-circuit

band.

High-Frequency Range

Frequences from 100 Hz to 1 MHzare produced by

conventional function-generator techniques . The integrator

output is a triangle waveandthe hysteresis switch output is

a square wave, each being interdependent with the other .

The frequency program establishes the charging slope for

the integrator and selects the proper integrating capacitance

for the specific frequency range . In the trigger mode, a

square-wave output from the hysteresis switch is coupled

through SZ to enable the trigger circuit .

The triangle wave is coupled through S6 to the sine

converter which transforms the input waveform into a

sinusoidal waveat its output . Theprogrammedfunction at

S7 (triangle, square, or sine) is then given the necessary gain

by the output amplifier before being applied to the

attenuation network.

`The output level program then selects the required atten-

uation network to provide the desired output amplitude for

the selected waveformover the 100 Hzto 1 MHzrange.

Low-FrequencyRange

Waveformswith frequencies from 100 Hz downto 100jtHz

are synthesized from the basic generator square-wave

output by the counter and waveform DAC. Thecounter

circuit counts the input pulses to produce square wavesat

0 .001 of the input frequency . Oneoutput is applied

through SZ to enable the trigger circuit in the low-

frequency range when this mode is selected . Another

counter output pulse is applied through Ss to the function-

selection circuit S,7 . All pulses from the counter are coupled

to the waveformDACthat transforms the binary bits into a
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LOCAL/_

REMOTE

50OHM

OUT

triangle waveformat 0.001 of the generator frequency over

	

SPECIFICATIONS

the range of 100MHzto 100 Hz.

Figure 1-1 . Simplified Block Diagram

For frequencies from 100Hzdownto 100pHz, the divider

	

VERSATILITY

is progressively switched into the counter input through S4
as described previously for the error-sensing circuit .

	

Waveforms

Sine

	

, square

	

and triangle 'v
Sine conversion, function selection, amplification, and

output attenuation are executed in the same manner as

	

DynamicFrequency
described for the high-frequency range.

	

100pHz(2 .77 hr) to 1 MHz(1 psec) in 10 ranges .
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Outputs

'1, , A, selectable and digitally variable from

0.001 to 10 V p-p into a 50-ohm load in 4 ranges with

3-digit resolution (0 .002 to 20 V p-p open circuit) .

NOTE

Output may be shorted without damageto

instrument .

VCG--Voltage-Controlled Generator

Over 1000:1 frequency ratio with 0-volt to 5-volt input

signal . Input impedanceis 10 kQ.

OPERATIONALMODES

Trigger Mode

Generator may be triggered to produce single cycles on

commandor gated to produce any discrete number of

cycles by applying a + gate signal to trigger input for the

length of the desired burst .

Input impedanceis 10 k.

Plus gate required is -+-5 volts to +50 volts .

Auto Cal Mode

Generator has an automatic control loop to maintain the

ouput frequency for high accuracy and stability .

Manual Cal Mode

Generator is manually calibrated using the control loop but

is then returned to the open-loop condition when

momentaryswitch is released so that it maybe swept or

triggered .

Search Mode

Generator frequency control within the selected range is

transferred from the digital controls to a single turn analog

control for convenient manualsweepingof the entire range.

Sync In
Within the upper 4 ranges, the instrument maybe fre-

quency synchronized to an external signal of approximately

1 V p-p that is within 1%of the free-running frequency .

Theinduced sine distortion will be less than 1%.

SyncOut

A fixed amplitude square wave is brought out at 1 k

impedancefor syncing scopes or other equipment.

HORIZONTALPRECISION

Auto Cal Mode

Frequency accuracy from programmedinput or front-panel

selector Fwitches is ±(0 .01%of programmedfrequency, plus

1 digit) . Closed-loop stability is within ±0.005%of pro-

grammedfrequency at constant temperature for a 24-hour

period .

Loop will settle to within the accuracy specified within 1

msec minimumand 3 sec maximum,depending on fre-

quencyand range .

Manual Cal Mode

Instrument can be calibrated to an accuracy of - 0.02% of

programmedfrequency and triggered or Frequency mod-

ulated about this accurate center frequency .

Open-loop stability is within 0.05% of setting for 8-hour

period at constant temperature .

VCGBandwidth

1 MHz.

Slew rate 100%of range per ,usec .

VCGLinearity

Frequencyvs input voltage--best straight-line method.

±0.1% 100jHz-10 kHz.

±1%10 kHz-100 kHz.

±3%100 kHz-1MHz

VERTICALPRECISION

Amplitude changewith frequency is less than 0 .1 db to 100

kHzand0.5 db to 1 MHz.

Peak-to-Peak Voltage Accuracy %of Prograrn

1 Vto 10 Vrange ±(0.1%+ 5 mV).

0.1 Vto 1 Vrange ±(1%+1 mV).

10 mVto 100mVrange ±(1%+ 0 .1 mV).

1 mVto 10 mVrange ±(1%+0.1 mV).

Amplitude Symmetry

All waveformsare symmetrical about ground ±1%of full
range.

Trigger start-stop point will be 0 V ±0.5% of output

amplitude program.

PURITY'

Sine WaveDistortion

Less than .

0 .5% 100MHzto 10 kHz

1%10 kHzto 100 kHz

3%100 kHzto 1 MHz

Triangle Linearity

Greater than :

99%1 Hzto 100 kHz

95%100 kHzto 1 MHz
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SquareWaveRise and Fall Time

Less than 100 nsec.

ISOLATION

Output signal can be raised above ground up to 250 V.

Caution must be taken as all exposed BNCconnectors are

at raised potential .

ENVIRONMENTAL

Temperature

Specifications apply at 25°C±5"C.

Operating temperature range 0° Cto 50° C.

REMOTECONTROLSPECIFICATIONS

Configuration A(Standard)

True or Logic "1 " = 0 volt ±1 volt .

Note : 0 volt sinks approximately 1 .5 mA.

False or Logic "0" = +2 volts to -.F 10 volts .

Note : Opencircuit voltage is approximately -Q volts .

Configuration B

True or Logic "1 " = 0 volt ±1 volt .

Note : 0 volt sinks approximately 1 .5 mA.

False or Logic "0" = --2 volts to --10 volts .

Note : Opencircuit voltage is approximately -2 volts .

Configuration C

True or Logic "1 " _ ---2 volts to -10 volts .

Note: -2 volts sinks approximately 1 .5 mA.

False or Logic "0" = 0 volt to --1 volt .

Note: Opencircuit voltage approximately +0.7 volts .

Configuration D

True or Logic "'I" _ +2 volts to +10volts .

Note: +2 volts sinks approximately 1 .5 mA.

False or Logic "0" = 0 volt to +1 volt .

Note: Opencircuit voltage approximately -0 .7 volts .

ProgramTransition Time

1 msec.

MECHANICAL

Weight

24 lb, 34 Ib shipping .

Power

105 Vac to 125 Vacor 210 Vacto 250Vac, 50 Hzto 400

Hz.

50 watts of powerrequired .

NOTE

Precision specifications apply over 10%to 100%

of selected range .
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INSTALLATION

Conversion for 230-Volt Line Power

The Model 157 is shipped from the factory with the power

transformer connected for 115-volt line power, unless

otherwise specified . To convert the transformer primary for

230-volt operation, removethe bottom cover and place the

conversion switch (located on the underside of the Mother

Board) in the 230 position . The 1-ampere fuse (rear panel)

should be replaced with a 1/2-ampere fuse after conversion .

(Refer to Replacementof Circuit Boards in Section 4 for

information on removing the bottom cover .)

RackMounting

The Model 157 is equipped with four rubber feet when

ordered for bench use and with rail-attaching hardware

when ordered for use in a standard 19-inch rack . If rack

mounting of a bench model is desired, two rack mount

adapters, Wavetek part No. 210-367, can be used as

follows :

1 . Removethe six flathead machine screws that retain the
left and right side rails to the left and right handles,

respectively .

2 . Install one rack mount adapter on each side of the

Chassis Assembly with the six roundhead screws

supplied with the adapters, using the tapped holes

previously occupied by the flathead screws .
3. Secure the Model 157 in the desired rack position with

standard rack mounting hardware.

INSPECTION

The following procedures should be performed to assure
the user that the instrument has arrived at its destination in
proper operating condition . Complete calibration and
checkout instructions are provided in Section 4 for deter-

mining if the instrument is within electrical specifications .

Visual Inspection

After carefully unpacking the instrument, visually inspect

the external parts for damageto knobs, dials, indicators,

TI

Operating Inspection

SECTION

INSTRUCTIONS

surface areas, etc . If damageis discovered, file a claim with

the carrier whotransported the instrument .

NOTE

Refer to Installation paragraph for 115-volt or

230-volt line power instructions .

The procedural steps in this paragraph provide a quick

checkout of instrument operation . If electrical deficiencies

exist, refer to the Warranty in the front of the manual. The
following test equipment, or equivalent, is recommended
for performing the electrical inspection . (Refer to Table 2-1
and Figure 2-1 for operating control descriptions .)

Name

	

Manufacturer Model

Oscilloscope Tektronix

	

454

y1. . DepressPOWERpushbutton .
_m. ._

2. Connect oscilloscope through 50-ohm terminator to

50QOUTPUTconnector .

3. DepressAUTOCALpushbutton.

4. Depress ' - L pushbutton .

5 . Set FREQUENCYdials for 1000.00 Hz.

6. Set TERMINATEDP-P AMPLITUDEdials for 10.00

V.

7 . Observe oscilloscope display to determine the general

correctness of the signal output for Steps 8 through 16.

8 . Depress the TRIG pushbutton and observe that the

output is +5 Vdc.

9 . Press SINGLECYCLEpushbutton several times . Out-

put should go to ---5 Vdcfor 0.5 milliseconds and back

to +5 Vdceach time the pushbutton is pressed.

10. Depress the SEARCHpushbutton and rotate the MAN

CAUSEARCHcontrol from maximumcounter-

clockwise to maximumclockwise positions . Output

should respond to frequency control from less than
100 Hzto morethan 1 kHzover the control range.

11 . Depressthe AUTOCALpushbutton . Depressthe
and ", , in turn . Output should respond with

indicated waveform.

12. Step the most-significant-decade FREQUENCYdial

from 10 through 1 . Output should changefrequency in

100 Hzincrements from 1 kHzto 100 Hz.
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Table 2-1 . CONDENSEDOPERATINGDATA

Name

	

Description

CONTROLS

POWERpushbutton

MANCALpushbutton *

AUTOCALpushbutton *

TRIGpushbutton*

SEARCHpushbutton*

REMOTEpushbutton*

'1, pushbutton **

'",, pushbutton**

r\, pushbutton **

REMOTEpushbutton **

SINGLECYCLE
pushbutton

FIRFOUFNCYdials

Most-Significant Decade

Next Four Decades

RangeDial

2-2

Applies power to unit when

depressed.

Closes frequency-error loop so

that MANCAL/SEARCHcon-

trol and nullmeter can be used

to calibrate frequency output

for VCGoperation (momentary

engage, opens loop when re-

leased) .

Closes frequency-error loop for

fixed-frequency operation .

Opensfrequency-error loop and

enables trigger circuit for pulsed

operation .

Opensfrequency-error loop so

that MANCAL/SEARCHcon-
trol can be used to sweep

selected frequency range. Dis-

connects digital frequency con-

trol .

-I"ransfers automatic calibration
and trigger control to remote

connector .

Selects square-waveoutput .

Selects triangle-wave output .

Selects sine-wave output .

Transfers function control to
remote connector .

Provides one-cycle of the se-
lected output when the TRIG
pushbutton is depressed (mo-
mentary engage).

Programs decimal Frequency
selection .

Numbered decimally from 1

through 10 with R being the

remote-control transfer, or a

logical "0" if not remotely pro-

grammed.

Numbered decimally from 0

through 9 with R being the

remote-control transfer, or a
logical "0" if not remotely pro-
grammed.

Lettered from PHz (one posi-

tion), mHz(three positions), Hz
(three positions), through kHz
(three positions, and R for
remote.

Name

	

Description

TERMINATEDP-P

AMPLITUDEdials

Most-Significant Decade

Next TwoDecades

RangeDial

INDICATORS

Nullmeter

FREQUENCYclecimal-

point lamps

TERMINATEDP-P

AMPLITUDE

CONNECTORS

502 OUTPUTIMPED-

ANCEAMPLITUDE
CALIBRATEDINTO
5052 LOAD

VCGIN

TRIGIN

SYNCIN

SYNCOUT

REMOTE

Table 2-1 CONT.

Programs decimal amplitude

selection .

Numbereddecimally 1 through

10 with R being the remote-

-control transfer, or a logical "0"

if not remotely programmed.

Numbered decimally from 0

through 9 with R being the

remote-control transfer, or a

logical "0" if not remotely pro-

grammed.

Lettered from mV(three posi-

tions) to V (one position) and R

for remote.

Operates in conjunction with

MANCALand SEARCHpush-

button andduring Checkoutand

Calibration .

Illuminate to indicate position

of decimal point during manual

operation--pilot light only if

range dial is in Rposition .

Illuminate to indicate position

of decimal during manual opera-

tion--pilot light only if range

dial is in Rposition .

Output for selected function/
amplitude waveform.

Analog input for frequency
modulation of programmedfre-
quency.

Input for pulse to produce tone
bursts of desired duration .

Input for synchronizing output
frequency with external signal .

Output for sychronizing external
device with synthesizer .

Input for contact-closure or
logic level programming from
remote source .

NOTE: Pushbutton switches marked * or ** are mechanically
linked . Depressing any one in a set releases any other previously
depressed pushbutton in the sameset .
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INTRODUCTION

This section presents theory of operation as an aid to the

user in understanding and maintaining the Model 157

ProgrammableWaveformSynthesizer . Theblock diagram in

Section 5 graphically illustrates the functional features of

the Model 157 and should be referenced whenreading the

theoretical discussion . In addition to the block diagram,

references are madethroi--ighout the text to specific board

schematic diagrams in Section 5 andsimplified diagrams are

used in this section to supplement the text for more

complicated circuits . Thetheory in Section 3 is divided into

six discussional parts :

1 . Programmingthe various generator characteristics .

2. The100 Hzto 1 MHzgeneration .

3. The100pHzto 100 Hzgeneration .

4. Sine conversion .

5. Tone-burst generation .

6. Power-supply characteristics .

PROGRAMSELECTION

Generator ModeSelection

The generator-mode selection circuit is graphically shownin

the block diagram and detailed on sheet 1 of the Chassis

Assembly schematic diagram and also the VCG/Integrator

Board schematic diagram. Whenoneof the pushbuttons in

the generator moderow is depressed, the following circuit

functions occur .

REMOTEswitching disables the MANCAL/SEARCH

voltage input to the first VCGamplifier and transfers

control of error amplifier output relay K5 to a remote

connector pin so that either closed-loop or open-loop mode

can be programmed.

AUTOCALswitching disconnects the MANCAL/SEARCH

voltage input to the first VCGamplifier and connects the

error amplifier output to this amplifier so that the basic

generator operates in closed-loop .

Function Selection

cul CRIPTI

MANCAI_ switching (momentary) connects the nullmeter

across the error amplifier output and the output into the

first VCGamplifier input so that the generator frequency

may be accurately set with the MARTCAL/SEARCH

cll3 :,trc-i prior to anAqgcontrol operation .

SEARCHswitching connects the nullmeter between the

inverter output and̂ the rnanual calibration/search input to

the first VCGamplifier . Also, the error amplifier output is

disconnected from the first VCGamplifier input, which

enables the VCGto swewpthe basic generator over any

singie frequency range %vith one turn of the MANCAL/

SEARCHcontrol .

TRIGswitching turns on driver Q8on the VCG/Integrator

Board which energizes relay K6. The normally-open contact

of K6 closes, causing emitter follower Q9to turn off, and

the generator subsequently enters the standby condition .

(Refer to the description of tone-burst generation for

additional details .)

The function-mode selection circuit is graphically shownin

the block diagram and detailed on sheet 1 of the Chassis

Assembly schematic diagram and the Function Board

schematic diagram . Whena specific pushbutton in this row

is depressed, the following circuit functions occur :

REMOTEswitching disconnects the front-panel function

pushbuttons and connects the pins on the remote con-

nector to the sine, square, and triangle relay drivers on the

Function Board.

`L

	

switching energizes relay K3 on the Function Board

to provide the square waveform to the Output Amplifier

Board.

v̂

	

switching energizes relay K2 on the Function Board

to provide the triangle waveformto the Output Amplifier

Board.

ti

	

switching energizes relay K1 on the Function Board
to provide the sine waveform to the Output Amplifier

Board.
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FrequencySelection

The frequency-selection circuit is shown in the block

diagram as the first-decade driver/ladder through the

fifth-decade driver/ladder, the range capacitors, the range

switch, and the range matrix . Thedigital switch details are

shownon sheet 1 of the Chassis AssemblyBoard schematic

diagram; the first and second decade of the frequency

digital-to-analog converter (DAC) in the Error Amplifier

Board schematic diagram; the third through fifth decadeof

the frequency DACin the Crystal One-Shot Board sche-

matic diagram; the range capacitor/relay switching circuit in

the VCG/Integrator Board schematic diagram; and the

frequency-range diode matrix on the RangeMatrix Board

schematic diagram.

Frequency numberselection of the first decade switch is

converted from binary logic to an analog voltage that is

proportional to the BCDcoding by the first decadeDAC

shown on the Error Amplifier Board schematic diagram.

TheBCDcode, in this case, is modified by a "1 *" that has

a binary weight of 2° . All of the other frequency decade

DACshave an unmodified BCDinput . Figure 3-1 is a

simplified diagram of a single binary input for one of the

decades. . -all others function similarly .

Driver 01 is biased off by the +6-volt do connection and

3-2

-24V

BINARYINPUT

relay K1 is in its normally-open state, resulting in zero volts

across R1 and Rz and zero contribution to the current in

the summingnodes of the inverter and error amplifiers .

Whena logical "1" appears at the binary input to Q1, the

driver is turned on and the relay is energized . This connects

12 volts across R1 and R3 and the correct contribution to

the summingnodes. Resistances R1 and R3 represent the

network associated with the 01 driver, but R2 , R4 , R5 , and

R6 represent all of the other resistance in the frequency

DAC. Similarly, relays KZ and K3 represent their associated

circuits with driver/relay stages . Thusany parallel combina-

tion of resistance can be achieved by programming to

provide an analog current input to the VCGthat is

proportional to the selected frequency .

'The frequency range selector output is converted from

binary logic to relay-closure functions by the diode matrix

shown in the RangeMatrix schematic diagram. The8421

BCDcoding from the FREQUENCYrange selector switch,

or remote programming, is decoded into decimal format

shown at the right of the schematic diagram. Table 3-1

showsthe correlation betweenthese decimal numbersand

the resulting relay closures .

Relays K4 through K6 on the Function Boardperform the

fast-slow switching function . Relays K5, K6, K7, and K8 on

the RangeMatrix Board are paralled by relays K4, K3, K2,

Figure 3-1 . FrequencySelection, Simplified Diagram
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Table 3-1 . FREQUENCYRANGECODING

Amplitude Selection

and K1 on the VCG/Integrator Board, respectively, which

switch in the correct capacitance for the programmed

range . (Refer to description of basic generator for addi-

tional details .) Therelays on the RangeMatrix Board also

provide circuit switching for the divider flip-flops that

connect to the crystal one-shot circuit and to the low-

frequency generator . (Refer to the descriptions of the

(Josed-loop basic generator and the low-frequency

generator for additional details .)

The frequency range selector (SW6) also applies power to

the proper decimal-place indication lamp (L1, L2, or L3) as

shown on sheet 1 of the Chassis Assembly schematic

diagram.

The amplitude-selection circuit is shown in the block

diagram as the signal attenuator and the range attenuator .

The digital switch details are shown on sheet 1 of the

Chassis Assembly schematic diagram; the three decadesof

the amplitude attenuation on the Output Amplifier Board

schematic diagram; and the range/attenuation circuit (A5)

on sheet 2 of the Chassis Assemblyschematic diagram.

The amplitude-number selection circuitry is similar to the

frequency-number DACcircuit previously described .

The amplitude-range selection circuit, contained on the

Output Attenuator Board, consists of a 20-db attenuator

and a 40-db attenuator, either or both of which are

switched into the path of the output waveform by the

binary program. Table 3-2 is a truth table of the binary

code expandedto list associated circuit functions .

Table 3-2 . ATTENUATORRANGECODING

NOTE: Xdenotes attenuator in circuit .
---- - - -----------

BASICGENERATOR

The basic generator is shownin block diagram as the first

and second voltage-controlled generator amplifiers, the

integrator, and the hysteresis switch . This generator pro-

duces both triangle and square waveformsover a 100 Hzto

1 MHzrange in open-loop operation . For closed-loop

operation, the divide-by-ten stages, the one-shot stage, the

frequency-converter circuit, and the error amplifier are

connected betweenthe output of the hysteresis switch and

the input of the first VCG.

Open-LoopOperation

Whenpower is applied, the high-gain characteristic of the

integrator causes this device to produce an output voltage

that is equal to one of the threshold levels of the hysteresis

switch . The switch assumesone of its binary states and

regeneration proceeds in the following manner.

If the bistable output of the hysteresis switch is negative,

the diode connecting the second VCGamplifier to the

integrator (DZ in Figure 3-2) is zero biased by the diode

connecting the second VCGamplifier to the hysteresis

switch (D3 ) . With this condition, current proportional to

the frequency program flows from the integrator summing

node to the first VCGamplifier and the positive slope of

the triangle is formed at the integrator output . Whenthe

output level reaches +2.5 volts, the hysteresis switch

reverses state to provide a positive output . This zero biases

diode D3 to permit current to flow from the second VCG

amplifier into the integrator summingnode. This current is
precisely twice the value of the current flowing into the

first VCGamplifier ; therefore, a net current flows that is
equal in value, but in the opposite direction, to the current

produced by the negative output of the hysteresis switch .

I"he net current causes the integrator to produce the

negative slope of the triangle at its output . Whenthe
integrator output reaches ---2 .5 volts, the hysteresis switch
again reverses states andthe cycle is repeated .

Theoutput voltages of the two VCGamplifiers are always
equal in value, but opposite in polarity, and directly

3-3

Board Relay Digital Program

Desig Desig
.- . . . .3

.-4 ._-5 67
.8_. . ._ . 9

A11 K1 1 0 0 0 0 0 0 0 0 0

A11 K2 0 1 0 0 0 0 0 0 0 0

A11 K3 0 0 1 0 0 0 0 0 0 0

A11 K4 0 0 0 1 1 1 0 0 0 0

A11 K5 1 1 1 1 0 0 1 0 0 0

A11 K6 0 0 0 0 1 0 0 1 0 0

A11 K7 0 0 0 0 0 1 0 0 1 0

A11 K8 0 0 0 0 0 0 0 0 0 1

A10 K4 1 1 1 1 0 0 1 0 0 0

A10 K3 0 0 0 0 1 0 0 1 0 0

A10 K2 0 0 0 0 0 1 0 0 1 0

A10 K1 0 0 0 0 0 0 0 0 0 1

A9 K4-6 0 0 0 0 0 0 1 1 1 1

A5-6 A5-7 Range(max) 20-db 40-db

0 0 10 mV X X

1 0 100 mV X

0 1 1000mV X

1 1 10V
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proportional to the frequency program.

If an external voltage is applied to the VCGIN connector,

the voltage levels at the outputs of the VCGamplifiers will

change proportionally, thereby providing frequency modifi-

cation or modulation .

On the VCG/Integrator schematic diagram, the first VCG

amplifier is the Q1/IC1 stage ; the second VCGamplifier,

the Q3/IC3 stage ; the diode switch, the IC2 stage ; and the

integrator, the Q14/IC4stage . Thehysteresis switch, on the

Function Board schematic diagram, consists of a comple-

mentary Schmitt trigger coupled to a bistable switch . Stage

022/Q23/Q24 form one half of the Schmitt trigger, and

stage Q25/Q26/Q27 form the other half . Similarly,

028/029 are one half of the bistable switch andQ30/Q31

the other half . The single-ended 1 volt peak-to-peak

square-wave output of the bistable switch is the VCGdiode

switching voltage .

Closed-LoopOperation

Frequency accuracy of 0.01 percent is obtained by con-

necting an error-sensing circuit into a feedback loop around

the basic generator . With either the AUTOCALor MAN

CAL pushbutton depressed, the output of the error

amplifier is connected to the input of the first VCG

amplifier through the relay closure shown in the block

diagram.

The error-sensing circuit consists of the three cascaded

divide-by-ten stages ; the one-shot stage ; the pulse-repetition

3-4

Figure 3-2 . Open-LoopOperation, Simplified Diagram

frequency (PRF) switching circuit (consisting of the

common-collector/common-base stage and the diode-

resistor switching matrix) ; the +6-volt offset source ; andthe

error amplifier .

Thecrystal one-shot circuit operates over a 10 :1 frequency

range from 1 kHzto 100Hz. Thefrequency dividing stages

are switched betweenthe hysteresis switch output and the

one-shot input for the range from 1 kHzto 1 MHzby the

range matrix (previously discussed) . Since the three divide-

by-ten stages are cascaded, a total of 0 .001 F is available

which, of course, is sufficient to reduce the basic generator

top range of 1 MHzto the one-shot top range of 1 kHz.

Theoutput of each divide-by-ten stage, shownin the Range

Matrix Board schematic diagram, is coupled to the error-

sensing circuit and to the low-frequency generator . This

discussion will be limited to the error-sensing circuit ;the

low-frequency generator will be discussed later .

Dual flip-flop stages IC1/IC2, IC3/IC4, or IC5/IC6 are

logically connected so that each paired dual flip-flop

provides a divide-by-ten output . Whenrelay K5 is digitally

programmed, the output to the one-shot circuit is the

frequency of the basic generator ; closure of K6 contacts,

0.1 F; closure of K7 contacts, 0.01 F; and closure of K8

contacts, 0.001 F.

Thecrystal one-shot circuitry is shownin the upper half of

that schematic diagram in Section 5. A free-running

crystal-controlled oscillator (Y1/01) produces an accurate

4 MHzsinusoidal output . Potentiometric amplifier Q2-Q4

ManualsPlus.com



provides buffering for the oscillator . Thebuffered output is

applied to the trigger input of a JKT flip-flop which is

configured logically with thirteen other flip-flops to

produce an accurate 400-microsecond rectangular output

400 microseconds after a square-wave input is received

from the divide-by-ten circuits .

The Q5/06 input stage couples the incoming signal into a

differentiator (C8/R12) . The differentiated pulse presets

the upper flip-flop (IC7A) in the IC7 stage . Theset output

of this flip-flop enables the IC1A flip-flop . The count

begins with the first oscillator cycle and, after 400

microseconds. IC7B is set, producing a high state at pin 9

(see Figure 3-3 for PRFtiming) . After 400 microseconds

IC7B is reset, which sets IC7A to disable the trigger input

to IC1A.

This cycling is repeated for each square-wave input . Thus,

the output of the one-shot circuit is a rectangular wave-

form, having a duty cycle proportional to the pulse

reoccurrence time and, hence, the frequency of the basic

generator .

The offset +6-volt regulator (IC2), the PRFswitching

100 Hz
INPUT

ONESHOT
OUTPUT
(^ 1/25)

1 kHz
INPUT

ONESHOT
OUTPUT
(-2/5)

10 mSEC

circuit (01/02/IC3), and the error amplifier subassembly

are shownin the upper half of the Error Amplifier Board

schematic diagram. Figure 3-4 is a simplified diagram of this

samecircuit .

Theone-shot output appears at the base of Q1. During the

pulse period that the base is low, Q1 is turned on and 02 is

turned off . This causes the collector of Q2to be approxi-

mately ---1 .4 volts do due to the D1/D2 connection of

ground. Thus, the Dz cathode is approximately --0 .7 volts

do that forward biases D3 and zero biases D4 . Current

(loff) then flows from the +6-volt offset source to the -12

V source through R18 and noneto the summingnode.

Conversely, the high state turns Q1 off and Q2on so that

the collector of Q2 is approximately zero volts, resulting in

the DZ cathode being approximately +0.7-volts dc. This

positive potential zero biases D3 and forward biases D4 ,

which causes the +6-volt offset current (I on) to flow into

the error amplifier summingnode.

Comparison of the average current from the PRFswitching

circuit and the current from the programmedfrequency

DACis madeat the summingnodeof the error amplifier . If

Figure 3-3 . One-Shot Pulse Period Ratios for Minimumand MaximumFrequencies

3-5
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the magnitudes and polarities of these currents are not

equal and opposite, an error current will result at the node

to causean error-voltage output from the error amplifier .

Theerror amplifier has considerable forward gain for both

ac and dc. Since the PRFcurrent has a large ac component,

capacitor C8 provides negative feedback to prevent ampli-

fier saturation . Theoutput of the error amplifier is applied

to the MANCALswitch (sheet 1 of Chassis Assembly

schematic diagram) and to the VCG/Integrator Board. As

shown on the latter schematic diagram, an additional

two-pole filter (R5, R6, R7, C28, C25) is inserted in the

error signal path to further reduce the ripple voltage andto

provide proper loop damping.

Theerror signal that is applied to the VCGsummingnode

causes a change in the VCGoutput voltage that, in turn,

modifies the output frequency of the basic generator in the

direction (either frequency increase or decrease) to cause

the error current at the error amplifier summingnodeto be

equal in amplitude and opposite in polarity to the analog

current from the digitally-programmed frequency DAC. In

this manner, the error-sensing circuit holds the output

frequency of the basic generator to the value that is

programmedin spite of componentvalue drifts .

3-6

Figure 3-4 . PRFSwitching Circuit, Simplified Diagram

FROM
FREQUENCY
DAC

LOW-FREQUENCYGENERATOR

Triangle and square waveformsare digitally generated in the

frequency ranges covering the band from 100pHz to 100

Hz. 'This circuitry consists of the divide-by-ten stages, cyclic

counter, andtriangle DACshownin the block diagram.

Slow Square-WaveGeneration

1-OERROR
AMPLIFIER
SUMMINGNODE

The cyclic counter is logically configured to count from 6

to 506 and then back down to 6 again to produce

square-wave outputs that are 0.001 F of the input

frequency from the basic generator . The divide-by-ten

states are progressively switched betweenthe output of the

basic generator and the input to the cyclic counter so that

the low-frequency range (100 Hz) of the basic generator

may be extended down to the 100 MHzlow-frequency

range of the instrument . This operation is essentially the

same as previously described for providing the correct

frequency input to the error-sensing circuit .

The simplified logic diagram for the counter appears in

Section 5. The parallel trigger inputs to each flip-flop are

not shown, but enter directly without being gated . All

other inputs to the flip-flops are controlled by NORgates

which require all inputs to be false to produce a true

output . Whena true output from a NORgate occurs, both
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the set and reset inputs are enabled and the flip-flop will

change state with the next clock pulse into its trigger input

terminal .

Whenthe last flip-flop in the counter is set at the No. 506

clock-pulse input, the logic gating causes the next clock-

pulse input to begin sequentially resetting the flip-flops,

starting with the highest order flip-flop . Thusafter No. 506,

the counter output steps downuntil No. 6 is reached and

the cycle is repeated .

Twobinary (square-wave) outputs are taken from the cyclic

counter as square waveforms and connected to other

boards. TheNo. 256 count is coupled to the trigger circuit

on the VCG/Integrator Board (described later in the

tone-burst generator theory), and the No. 506count is sent

to the square-wave amplifier/clamp on the Function Board.

As shown in the Function Board schematic diagram, the

slow I is applied to the amplifier/clamp circuit that

provides the 5-volt peak-to-peak square-waveoutput . Stages

Q5/06 and Q9/Q10 consist of a differential amplifier

driving a compoundconfiguration to provide the collector

supply for the positive excursion of the square-wave

output . Stages Q7/Q8and Q11/Q12are the complementary

equivalent of the circuitry just described and provide the

negative-excursion of the square-waveoutput .

Slow Triangle WaveGeneration

The triangle DAC,shownin the block diagram as the 9-bit

digital-to-analog converter, produces the digitally-generated

slow triangle waveform over the 100 pHz to 100 Hz

frequency ranges of the instrument .

"The triangle DACconsists of the nine diode-bridge

switching circuits (IC25 through IC33), the +6-volt regula-

tor (IC22), the ---6-volt regulator (IC23), and the summing

amplifier (IC24/Q3/Q4) shown on the Counter Board

schematic diagram. The counter and DACare capable of

binary outputs up to 29 (512 10 ), but are logically

configurated to provide a count of 500.

Figure 3-5 is a simplified diagram of the triangle DAC. The

binary inputs from the counter cause the nine diode-bridges

to switch on in their logical binary sequence. Since all of
these bridges are connected in parallel, the resulting output

from the summingamplifier is a triangle waveformat 0.001

F of the basic generator frequency .

'The slow triangle output is connected to the slow/fast relay

switching circuit for application to the sine converter

(discussed later) and the function-selection relay-switching

circuits (discussed previously) .

SINECONVERSION

Theselected, slow or fast, triangle waveformis transformed

into a sine waveform by the sine convertor shownin the

block diagram. In the Function Board schematic diagram,

this circuitry is shownas a clipper (IC1), the diode-shaping

network (IC3 through IC6), and a potentiometric amplifier

(IC2/Q1-04) . Figure 3-6 simplifies this circuitry for clarity .

The triangle input is applied to clipper IC1 which trans-

forms the triangle into a trapezoidal waveformby clipping

the top and bottom peaks. Potentiometers R6 and R15

adjust the positive and negative amplitudes .

Conversion of the trapezoidal wave into the sine wave is

accomplished by four temperature-compensated, diode-

resistor networks which are biased to operate at the knee of

the diode curve . Only one such network is shownin the

simplified diagram of Figure 3-6 ; the other three are

parallel-connected and biased to operate at different levels

of both positive and negative excursions of the trapezoidal

wave so that shape and amplitude symmetry of the sine

wave is obtained .

Dueto the losses inherent in the sine-shaping process, the

amplitude of the shaped sine wave requires amplification

before application to the Output Amplifier Board. Stages

IC2/Q1-Q4form a potentiometric amplifier that provides

the required gain .

TONEBURSTGENERATION

Whenthe TRIGpushbutton is depressed, or a logical "1" is

programmedduring remote operation, driver QSon the

VCG/Integrator Board draws current through the coil of

relay K6, causing the normally-open contact of this relay to

close (Figure 3-7) .

Prior to the closing of the K6contact, emitter follower Q9

is turned on by the +12-volt path through CR5and

associated resistors, and flip-flop IC6 is clamped in the set

state by approximately +3 volts at the preset input . Theset

state of IC6 disables the standby circuit and the integrator

provides its programmedoutput .

Turn off of Q9, however, removesthe set state clampfrom

the flip-flop, and the next square-wave clock input causes

the flip-flop to assumethe reset state . Theset output, "Q",
is nowa positive voltage sufficient to turn on grounded-

base amplifier Q12which, in turn, enables emitter follower

011. The feedback path around the integrator is nowa

short circuit around the programmedrange capacitance
through the Q13/Q11path and the integrator is in the
"standby state"---no output .

3-7
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BINARYINPUTFROM

COUNTER(ONEINPUT

TOEACHBRIDGE)

3-8

+12V

-12V

OUTPUTTOSLOW/FASTRELAY-

SWITCHINGCIRCUITON

FUNCTIONBOARD

IC24/Q3/Q4
SUMMINGAMPLIFIER

Figure 3-5 . Slow-Triangle Digital-to-Analog Converter, Simplified Diagram
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INTRODUCTION

- This section provides instructions for testing, adjusting,

calibrating, and troubleshooting the Model 157. The

instructions are concise and directed to the experienced

electronics technician or field engineer . Wavetekmaintains

a factory-repair department for those customers not

possessing the necessary personnel or test equipment to

maintain the instrument . If the instrument is returned to

the factory for repair, a detailed description of the specific
problem should be attached to facilitate the turnaround
time .

NOTE'

The Model 157 requires one-hour warmupfor

stabilization before output parameters are

within specified tolerances . Prepare for this in

advanceof any planned checkout, calibration, or
troubleshooting programs. For amplitude
checks, use a precise 50-ohmload . A0.1-percent
error in load resistance will causea 0.05-percent
error in the output voltage level .

RECOMMENDEDTESTEQUIPMENT

The following table contains a list of recommendedtest
equipment. Any test equipment having equal accuracies

maybe substituted for those listed .

Name

	

Manufacturer Model

Oscilloscope Tektronix

	

543B

Plug-In Unit

	

"Tektronix

	

Wor 1A7

Electronic Counter

	

ComputerMeasurements 727D

Dialamatic Voltmeter Wavetek

	

201

Extender Board*

	

Wavetek

	

157-111

Distortion Analyzer

	

Hewlett-Packard

	

332A

*For troubleshooting .

CHECKOUTANDCALIBRATION

The following subparagraphs provide complete sequential

Preliminary Procedure

PowerSupply Regulation

M

1 . Set generator modefor REMOTE.
2. Press the POWERpushbutton .
3. Wait 1 hour for warmup.

SquareWaveOffset and Amplitude

calibration procedures for the Model 157. Instrument
checkout procedures are indicated by a checkmark -1/,
following the procedure title . A quick checkout of the

instrument can be performed by observing these indicated
parameters and applying the tolerance factors given in the
Electrical Specifications of Section 1 . Circuit board test-
point and adjustment locations are shownon the board-
layout diagrams in Section 5.

NO7"E

The entire calibration procedure must be read
first to determine initial control settings andtest

equipment connections before attempting
checkout .

NOTE

Setting any rotary digital switch to R is the same
as setting it to 0.

1 . Connect the voltmeter high input to TP2and the low
input to TP1on the power supply board . Adjust R7for
+12volts do ±10mV.

2. Movevoltmeter high input to TP3and check for -12
volts do ±10mV.

3. Movevoltmeter high input to TP4and check logic Vcc
for +2.8 volts do

	

200 mV.

4 . Move voltmeter high input to TP5 and check logic
commonfor ---0 .7 volts do ±100mV.

5. Connect the voltmeter high input to TP7and the low
input to TP6. Adjust R50for --24 volts do ±50mV.

6. Movevoltmeter connection to TP8 and check for +6
volts do ±200mV.

1 . Connect the voltmeter with precise 50-ohmterminator
to the 50S2OUTPUTconnector on rear panel .

ManualsPlus.com



4- 2

NOTE

Terminator resistance must be ±0.1 percent of

50 ohms.

2 . Set TERMINATEDP-P AMPLITUDEdials for 10.0 V,

generator modefor AUTOCAL, FREQUENCYdials for

10.000 mHz,and output function for REMOTE. Adjust

R5on the Output Amplifier Boardfor 0 volts ±2mV.

3. Set output function to

	

I

4. With voltmeter set to measure negative half-cycle of

square wave, adjust R34on the Function Board for -5

volts ±10mV.

5. With voltmeter set to measure positive half-cycle of

square wave, adjust R51for +5 volts 110 mV.

Fast Triangle Amplitude

1 . Connect the oscilloscope with precise 50-ohm

terminator to the 5052 OUTPUTconnector with con-

trols set for voltage-comparison measurementof 10-volt

peak-to-peak range and 10 mV/cmsensitivity .

2. Set the FREQUENCYdials for 100.00 Hz and output

function for

	

`L

3. Display the negative half-cycle of the square wavewith

the peak at a convenient reference line on the graticule .

4. Set the output function to ',v , and adjust R111on

the Function Board until the triangle peak is within 5

mVof the square wavepeak.

5. Set the output function at

	

rL

	

anddisplay the positive

half-cycle of the square wave peak at the reference line .

6. Set the output function to

	

'v

	

and adjust R104 so

that the triangle peak is within 5 mVof the square wave

peak.

TimeSymmetryandVCGNull

NEGATIVEPEAK

	

POSITIVEPEAK

1 . Set output function for

	

I

2. Set FREQUENCYdials for R1.000 kHzandgenerator

modefor REMOTE.

3. Connect 5052 OUTPUTconnector through precise

50-ohmterminator and T-connector to both channels

of oscilloscope (internal trigger) .

4. Set oscilloscope for 100 psec/cm and invert one

channel. Position the two bipolar displayed square

waveswith the axis crossings about midpoint on the

graticule . Use the horizontal expansion, up to X100,

for moreaccurate observation .

5. Momentarily short test point TP9 (ground) on the

VCG/Integrator Board to TP10 (first VCGsumming

node) and observe the display . Adjust R16 until

connecting and disconnecting the short results in

minimumchange in display .

6. Set FREQUENCYdials for R01.00 kHz and output

function for ^v . Adjust R46for straight slopes on

the triangle waveform.

NOTE

Adjust low-frequency potentiometer R1, as

required, to observe time symmetry when

performing Steps 7 through 10.

7 . Set the FREQUENCYdials for 1000.00 Hzand output

function for rL . Adjust R19for time symmetryof

the square waveat 100percent of frequency range .

8 . Set the FREQUENCYdials for 1 .000 kHzand observe

the time symmetryof the square waveat 10 percent of

frequency range.

9 . Set the FREQUENCYdials for R1.000 kHzand adjust

R79for time symmetryof the square waveat 1 percent

of frequency range.

10. Set the FREQUENCYdials for R01.00 kHzand adjust

R80 for time symmetry of the square wave at 0.1

percent of frequency range.

11 . Repeat Steps 7 through 10 until optimumadjustment

is obtained .

Closed-Loop Frequency (Nullmeter) Adjustment ~/

1 . Connect the electronic counter to the 5052 OUTPUT'

connector with a 50-ohmterminator connector . Set the

counter to read period .

2. Set the generator modefor AUTOCAL.

3. Set the FREQUENCYdials for 1000.00 Hz and adjust

R43 on the Error Amplifier/First and Second Decade

Boardfor 1000.0 ftsec on the counter .

4. Set the FREQUENCYdials for 100.00 Hz and adjust

R20for 10000psec on the counter .

5. Repeat Steps 3 and 4 until optimum adjustment is

obtained .

NOTE:

If frequencies cannot be adjusted within specifi-

cation, perform the following Frequency

Alignment and then repeat both the Closed-

Loop FrequencyAdjustment andthe Frequency

Alignment again .

FrequencyAlignment

NOTE

Do not refer to the electronic counter display

during the following procedures .
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1 . Perform Steps 2 through 8 below by making the

specified frequency selection, simultaneously holding

the MANCALand AUTOCALpushbuttons depressed,

andadjusting the indicated potentiometer .

2 . Set the FREQUENCYdials for 1000.00 Hz and adjust

R21 on the VCG/Integrator Board for a null indication

on the front-panel meter .

3. Set the FREQUENCYdials for 100.00 Hzand adjust R1

for a null indication .

4. Repeat Steps 2 and 3 until optimum adjustment is

obtained .

5. Set the FREQUENCYdials to 10.0000 kHzand check

for a close-to-null indication on the front-panel meter.

NOTE

Trim capacitors across C31are a factory adjust-

ment.

6. Set the FREQUENCYdials to 100.000 kHzand adjust

C3for a null indication .

NOTE

Trim capacitors across C3 are a factory adjust-

ment.

7. Set the FREQUENCYdials for 1000.00 kHzandadjust

C4 for smallest deviation from null as frequency is

stepped through its range.

NOTE

Meter indication normally will vary widely over

this range, but should not peg.

8. Set FREQUENCYdials to 1000.00 Hz and adjust R99

Sine Conversion andSlow Triangle

1 . With the generator modein AUTOCALandthe output

function in 1, , connect the distortion analyzer and

oscilloscope to the synthesizer as shownin Figure 4-1 .

2. Set the

	

FREQUENCYdials for 100.00 Hz and adjust
R68, R93, R15, and R6 on the Function Board for
minimumdistortion of the sine wave.

3. Set the FREQUENCYdials for 100.000 Hzandadjust

R65 and R70 on the Counter Board for minimum

distortion (approximately 0.1 percent) .

4.

5.

6.

7 .

Figure 4-1 . Distortion Analyzer Test Setup

on the Error Amplifier Board for minimummeter

deviation as dials are changedto 990.00 Hzand back to

1000.00 Hz.

NOTE

If readjustment of distortion analyzer frequency

or balance controls are required for this step,

perform the Closed-Loop Frequency Adjust-

ment.

Set the oscilloscope controls for voltage-comparison

measurementof 10-volts peak-to-peak range and 10
mV/cmsensitivity .

Set the FREQUENCYdials for 100.00 Hzwith output

function at

	

I .

Display the negative half-cycle of the square wavewith
the peak at a convenient reference line on the graticule .

Set output function at '\, , and adjust R20on the

Function Boarduntil sine peak is at reference line .

and display the

wave peak at the

8. Set the output function at rL

positive half-cycle of the square
reference line .

TRIGIN

4-3
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9 . Set the output function at

	

'\-)

	

and adjust R17until

the sine peak is halfway between its original position

andthe reference .

NOTE

Approximately 5 mVchange is normal .

Frequency Loop Final Calibration

1 . Connect the electronic counter to the 5052 OUTPUT

with the 50-ohmtermination connector . Set the counter

to measureperiod .

2. With generator mode in AUTOCAL and output

function in Ll , set the FREQUENCYdials to 1000.00

Hz. Carefully adjust R43on the Error Amplifier/First

and Second Decade Board for 1000.0 psec on the

counter .

3. Set FREQUENCYdials to R90.00 Hz and carefully

adjust R119for 11111.1 psec.

4. Set FREQUENCYdials to R99.00 Hz and carefully

adjust R20for 10101.0 psec,

5. Repeat Steps 3 and 4 until optimumsetting is obtained .

6. Repeat Steps 2 and 4 until optimumsetting is obtained .

7. Nowrepeat the Closed-Loop FrequencyAdjustment .

VCGInput Sensitivity

1 . Set generator mode in REMOTEand FREQUENCY

dials to R00.00 Hz.

2. Connect the precision do voltage source to the VCGIN

connector on the rear panel with -+-5 .000-volts do

applied .

3. Adjust R69 on the VCG/Integrator Board for 1000.0

psec (1 kHz) on the time interval counter .

4 . Reducethe applied do voltage in 0.5-volt decrements,

and check the frequency-vs-voltage linearity, using the

best-straight-line method.

4-4

Volts,

	

--

	

Time Interval,

	

Frequency,

do

	

psec

	

Hz

TROUBLESHOOTING

Basic Techniques

Troubleshooting the Model 157 requires no special

techniques . The following are a few reminders of basic

electronics fault isolation .

1 . Check control settings carefully : many times an

incorrect control setting, or a knob that has loosened on

its shaft, will cause a false indication of a malfunction .

2 . Check associated equipment connections : make sure

that all connections are properly connected to the

correct connector .

3. Perform the checkout procedures : many out-of-

specification indications can be corrected by

recalibrating the instrument .

4. Visually check the interior of the instrument . Look for

such indications as broken wires, charred components,

loose leads, etc .

Troubleshooting Chart

Table 4-2 provides a list of someof the more probable

symptomsof malfunctions and their remedies. Locate the

indicated symptomlisted in Column 1 of the chart and

follow the corresponding procedures . Whena fault has been

localized to a specific stage by checking the parameters

given for the major test points, check the do operating

voltages at solid-state device junction/pins . Check

associated passive elements with an ohmmeter(power off)

before replacing a suspected semiconductor element.

10 . Repeat Steps 5 through 8 until the peak values of the

sine half-cycles are within 0.1 percent (t5 mV)of the

square half-cycle peaks. +5.000 1000.0 1000

11 . Repeat Steps 2 through 9 until the optimumadjust- +4.500 1111.1 900

ment is obtained . +4.000 1250.0 800

+3.500 1428.6 700

+3.000 1006.7 600
Trigger

+2.500 2000.0 500

1 . Connect the voltmeter to the 5052 OUTPUTwith the +2.000 2500.0 400

+1 .500 3333.3 300
50-ohmtermination connector .

+1 .000 5000.0 200
2 . Set the Model157controls as follows :

+0.500 10000.0 100
a. Generator modein TRIG.

+0.050 100.00 msec 10
b . Output function in 1,

+0.005 1000.0 msec 1
c. FREQUENCYdials to 1000.00 Hz.

0
d . TERMINATEDP-PAMPLITUDEdials at 10 .0 V.

0

3. Adjust R74on the VCG/Integrator Board for minimum

peak do voltage change as the FREQUENCYdials are

stepped downthrough the range to 100.00 Hz.
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Table 4-2 . TROUBLESHOOTINGCHART

Symptom

Automatic calibration is less accurate than

open loop .

Automatic calibration less accurate than open

loop on someranges only .

Generator operates on someranges only .

No

	

or

	

output on upper four ranges.

Poor time symmetryor open-loop accuracy .

Problemson lower six or upper four ranges only .

Nooutput on lower six ranges only .

rj j

	

output on lower six ranges only or distorted

and '\, on lower six ranges only .

Nooutput .

No '~, output .

No Av output .

No IJ output .

Asymmetrical '1, amplitude .

Distorted or no 1, signal to sine function relay .

and -\, produce 0 Vdcoutput .

Positive or negative half cycles of output

waveformonly .

Incorrect output waveformamplitude .

Output amplitude incorrect by oneor more

decades.

REPLACEMENTOFCIRCUITBOARDS

	

Replacing Plug-In Boards

Refer to the Chassis Assemblyillustration in Section 5 as a

	

Plug-in boards in the Model 157 are color-coded from front

visual aid to the following procedural instructions .

	

to rear relative to the last digit of the part number:

4-5

Probable Cause Board

Damagedcrystal or logic failure in crystal, Crystal OneShot

oneshot .

Damagederror amplifier Error Amplifier

Logic failure in range-divider stages. RangeMatrix

Damagedrange matrix or relay . RangeMatrix

Failure in triangle-wave buffer stage . VCG/Integrator

Miscalibration or failure in VCGcircuitry . VCG/Integrator

Failure in slow-fast relay stages . VCG/Integrator

Failure in counter logic or clock buffer . Counter

Failure in waveformDAC. Counter

Failure in powersupply . PowerSupply

Defective function relay stage . Function

Defective function relay stage . Function

Defective function relay stage . Function

Square-waveclampfaulty . Function

Failure in sine converter . Function

Trigger circuit failure . VCG/Integrator

Output amplifier at fault . Output Amplifier

Failure in output attenuator . Output amplifier

Failure in final attenuator . Attenuator
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Toremoveany of these boards, proceed as follows :

1 . Removethe three machinescrews holding the top cover

at the rear of the unit andslide the top cover out of the

front retaining lip .

2. Removethe four machine screws holding the calibra-

tion shield over the plug-in boards and remove the

shield .

3. Pull straight up on the plug-in board that you wish to

remove.

4. If the board is to be checked operationally with the unit,

removethe extender board and put it in the position of

the board to be checked. Thenplug this board into the

top connectors of the extender board.

Replacing Left Switch Board

Toreplace the Left Switch Board, proceed as follows :

1 . Removetop cover .

?- . Removethe two machine screws retaining the POWER

pushbutton switch to the subpanel .

3. Removethe one machine screw holding this switch to

the Left Switch Board.

4. Disconnect the 18 Amphenolpin connections .

5. Removethe four machine screws that secure the Left

Switch Board to the subpanel and lift out the Left

Switch Board.

6. Replacementis essentially the reverse of removal .

Replacing Right Switch Board

To replace the Right Switch Board, proceed as follows :

1 . Removetop cover .

2. Disconnect the 11 Amphenolpin connections .

3. Removethe four machinescrews that secure the Right

Switch Board to the subpanel and lift out the Right

Switch Board.

4. Replacementis essentially the reverse of removal .

Replacing Attenuator Board

Toreplace the Attenuator Board, proceed as follows :

1 . Removetop cover .

2. Removeall plug-in boards.

3. Unsolder the BNCconnections (three leads), the two

coaxial connections (four leads), and the five single-

conductor leads at the bottom of the board .

4. Removethe four machine screws retaining the Atten-

uator Boardto the rear panel andremovethe board .

5. Replacementis essentially the reverse of removal.

REPLACEMENTOFROTARYSWITCHES,DIALS, OR

DECIMALLAMPS

The decimal lamps in the Model 157 are operated at

one-half of the manufacturer's voltage rating . The rated

MTBFfor this lamp, continuously operated in this mode,is

20 million hours which precludes normal lamp failure

during the life of the instrument . However, if a lamp or

rotary switch item is inadvertently damaged, proceed as

follows to replace the defective item :

1 . Removetop andbottom covers .

2. Spring out bail from bottom of chassis .

3. Removeall front-panel knobs by loosening their set

screws.

4. Removethe three hex nuts, lockwashers, and flat

washersthat hold the Mother Boardto each side rail .

5. Removethe six machinescrews from each side rail .

6. Disconnect the eight Amphenolpin connectors at the

front edgesof the Mother Board.

7. Pull off the side rails, starting at the top edge.

8. Removethe two No. 6 machinescrews on each handle .

9. Loosen all machine screws on the top and bottom of

the handles .

10. Pull the extrusion off, being careful to guide the

Amphenolpin leads through their slots at the bottom

left and right ends of the subpanel.

11 . Lampscan nowbe removedby unsoldering two leads

andpulling the lamp out from the rear .

12 . Rotary switches can nowbe removedsince access for

unsoldering leads from top (Left or Right Switch Board

removed, as required) and bottom of switch wafers is

nowavailable . Accessto the switch-shaft locking nut is

obtained by pulling off the switch dial .

13. Replacementis essentially the reverse of removal .

PN

Digit Color Board

1 Brown Extender

2 Red Output Amplifier

3 Orange Function

4 Yellow VCG/Integrator

5 Green RangeMatrix

6 Blue Error Amplifier

7 Violet One-shot

8 Gray PowerSupply

9 White Counter
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INTRODUCTION

This section contains data packages for the Model 157

ProgrammableWaveformSynthesizer . Each data package is

a quick-access document that contains maintenance data

arranged for the user's convenience in simultaneously

viewing the schematic diagram and supporting data . Each

data package includes a part-location illustration ; replace-

able parts list ; voltage, waveform, and logic data ; and a

schematic diagram. Thevoltage, waveform, and logic data

are numerically coded to correspond with numberson the

schematic diagram and part-location illustration . Also

included in this section are block diagrams, logic diagrams,

and mechanical drawings that are helpful in understanding

andmaintaining the equipment.

ARRANGEMENT

Figures 5-1 through 5-8 of this section locate test points

and internal adjustments used during calibration and test

procedures .

Drawings and data packages are arranged in this section in

the following order :

LIST OFMANUFACTURERS

SECTION

K

The manufacturers listed below make the replaceable

electrical parts listed in the following data packages. (Bulk

items, such as wire, insulation, etc . are not listed .) All

electrical parts can be obtained from the listed manufac-

turer or from Wavetek. However, many of the standard

electronic componentparts can be purchased locally in less

time than is required to order from the manufacturer . When

ordering parts locally, makesure that the replacement part

ratings agree with the values, tolerances, anddescriptions in

the parts lists . Thesize of the replacement part is not only

critical as an installation requirement, but mayeffect

circuit performance at higher frequencies .

A/B . . . . , , . . . . , , , . . . . . . . . Allen Bradley

Milwaukee, Wisconsin

Amelco . . . . . Co.. . Teledyne AmelcoSemiconductor

Mountain View, California

. . AmphenolCorp.

Broadview, Illinois

ARCO. . . . . . . . . . . . . . . . . . Arco Electronics

Great Neck, L. I ., NewYork

CDE . . . . . . Division. . . Cornel Dublier Electronics

Federal Pacific Electronic Co.

Newark, NewJersey

. . .Cinch Mfg. Company

Elk GroveVillage, Illinois

Corning . . . . . Glass Works. . . . . . . . . . . Corning
Bradford, Pennsylvania

CRL . . . . . . . . . . . . . . . . . . . . . . .Centralab

Division of Globe-Union

Milwaukee, Wisconsin

CTS . . . . . . Inc .. . . . . . . . . . .CTS Electronics,

South Pasadena, California

Elec/C . . . . . CubeInc .. . . . . . . . . . . . Electro

SanGabriel, California

Erie . . . . . . . Inc .. . . . Erie Technological Products,

Erie, Pennsylvania

Fair . . . . . . . . . . . . Fairchild Semiconductor Corp.

Palo Alto, California

IRC . . . . . . . TRWInc .. . . . . . . . IRC, Division of

Philadelphia, Pennsylvania

King . . . . . . Electronics Inc .. . . . . . . . . . .King

Pasadena, California

Title DrawingNo.

Model157 Outline Drawing 157-603

Model157 Block Diagram 157-600

Counter Logic Diagram 157-602

Chassis Assembly(A1-A7) Data Package 157-000/200

Mother Board 157-010

Extender Board 157-011

Output Amplifier A8 Data Package 157-012/212

Function Board A9 Data Package 157-013/213

VCG/Integrator A10Data Package 157-014/214

RangeMatrix Al 1 Data Package 157-015/215

Error Amplifier A12Data Package 157-016/216

Crystal OneShot A13Data Package 157-017/217

PowerSupply A14Data Package 157-018/218

Counter Board A15Data Pacakge 157-019/219

Left Switch Board 157-020

Right Switch Board 157-021

Attenuator Board 157-024
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Figure 5-1 . Output Amplifier

Figure 5-2 . Function Board

Littelfuse . . . . . . . . . . . . . Littelfuse Incorporated Semtech . . . . . Semtech. . . . . . . . . Corporation

DesPlaines, Illinois NewburyPark, California

Mektron . . . . . . .California General Corporation, Inc . Sprague . . . . . . Electronic. . . . . Sprague Company

Mektron Division North Adams,Massachusetts

Chula Vista, California Stack . . . . . . . Carbon. . . . . . Stackpole Company

Motorola . . . . . . Products. .Motorola Semiconductor St . Marys, Pennsylvania

Phoenix, Arizona TRW. . . . . . . .TRWElectronic ComponentsDivision

Mura . . . . . Mura. . . . . . . . . . Corporation Camden,NewJersey
. . .

Great Neck, L. I ., NewYork USECO. . . . . . Inc .. . . . . USECO. . . . . . . . .

Nexus .. . . . Research Inc .. . . . . . Nexus Lab, Mt. Vernon, NewYork
. .

Canton, Massachusetts Wakefield . . . . . Inc .. . . . . . Wakefield Engineering,

Phipps . . . . . . . Precision Products. . . . . . Phipps Wakefield, Massachusetts

VanNuys, California Wavetek . . . . . Wavetek. . . . . . .. . . . . . . . .

RCA . . . . . . . . Division. . . . RCASemiconductor SanDiego, California

Somerville, NewJersey Winchester . . . . . . . Litton Industries. . . . . . . . .

Richey . . . . . . . Electronics. . . . . . . . . . Richey Winchester Electronic Division

Nashville, Tennessee Oakville, Connecticut
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Figure 5-3 . VCG/Integrator

Figure 5-4 . RangeMatrix
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Figure 5-5 . Error Amplifier
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