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WARRANTY

Wavetek warrants that all products manufacturec by Wavetek conform to published
Wavetek specifications and are free from defects in materials and workmanship for a
period of one (1) year from the date of delivery when used under normal operating
conditions and within the service conditions for which they were furnished.

The obligation of Wavetek arising from a Warranty claim shall be limited to repairing, or at
its option, replacing without charge, any product which in Wavetek’s sole opinion proves
to be defective within the scope of the Warranty. In the event Wavetek is not able to modify,
repair or replace non-conforming defective parts or components to a condition as
warranted within a reasonable time after receipt thereof, Buyers shall be credited for their
value at the original purchase price.

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

For product warranties requiring return to Wavetek, products must be returned to a service
tacility designated by Wavetek. Buyer shall prepay shipping charges, taxes, duties and
insurance for products retumned to Wavetek for warranty service. Except for products
returned to Buyer from another country, Wavetek shall pay for return of products to Buyer.

Wavetek shall have no responsibility hereunder for any defect or damage caused by
improper storage, improper installation, unauthorized modification, misuse, neglect,
inadequate maintenance, accident or for any product which has been repaired or altered
by anyone other than Wavetek or its authorized representative and not in accordance with
instructions furnished by Wavetek.

Excluslion of Other Warrantles

The Warranty described above is Buyer's sole and exclusive remedy and no other
warranty, whether written or oral, is expressed or implied. Wavetek specifically
disclaims the implied warranties of merchantability and fitness for a particular
purpose. No statement, representation, agreement, or understanding, oral or written,
made by an agent, distributor, representative; or employee of Wavetek, which is not
contained in the foregoing Warranty will be binding upon Wavetsk, unless made in writing
and executed by an authorized Wavetek employee. Under no circumstances shall
Wavetek be lldble for any dirsct, indirect, special, incidental, or consequential
damages, sxpenses, lossas or delays (including loss of profits) based on contact,
tort, or any other legal theory.



SAFETY FIRST

Protect yourself. Follow these precautions:

Don'ttouch the outputs of the instrument or any exposed test wire carrying the output
signals. This instrument can generate hazardous voltages and currents

Don't bypass the power cord's ground lead with two-wire extension cords or plug
adapters.

Don't disconnect the green and yeliow safety-earth-ground wire that connects the
ground lug of the power receptacle to the chassis ground terminal (marked with

@ o A\

Don't hold your eyes extremely close to an RF output for a long time. The normally
nonhazardous low-power RF energy generated by the instrument could possibly
cause eye injury.

Don't plug in the power cord until directed to by the installation instructions.

Don't repair the instrument uniess you are a qualified electronics technician and
know how to work with hazardous voltages.

Pay attention to the WARNING statements. They point out situations that can cause
injury or death.

Pay attention to the CAUTION statements. They point out situations that can cause
equipment damage.

WARNING

This instrument normally contains a lithium battery. Where lithium |s
prohibited, such as aboard U.S. Navy ships, verify that the Iithlum battery
has been removed.

Do not recharge, short circult, disassemble, or apply heat to the lithlum
battery. Violating this rule could reiease potentiaity harmful IRhium.
Observe polarity when you replace the battery.
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1.1 INTRODUCTION

The Mode! 288 Signal Generator is a precision source of
sine, triangle, and variable symmetry (ramp and pulse)
waveforms for use in the instaliation and maintenance of
radio receivers, transmitters, and other electronic
equipment.

e Push button controi for easy operaticn.
e Indicator lights give constant equipment status.

e Large, 16 character (fourteen segments/ character),
display for all parameters.

* Programmed interface for remote operation.

 Programimable sine, triangle, square, and dc out-
puts.

e Variable symmetry provides pulse and ramp wave-
forms.

« Balanced and unbalanced outputs.

e Buiit-in calibration and fault analysis programs with
extensive self-adjustment.

e Battery backup for saving system setups.

1.1.1 List of Abbreviations

This list identifies abbreviations and descriptions used
in this manual that are not contained in MIL-STD-12. For

abbreviations used in this manual but not contained in

this list refer to MIL-STD-12.

Abbreviation Term '

dBc dB relative to carrier

dBm dB relative to 1 milliwatt

fc " carrier frequency

fm modulating frequency

GPIB General Purpose Interface
Bus

VCF Voltage Controlled
Frequency

VFD Vacuum Flucrescent Display

SEGTION
GENERAL

1.2 OPTIONS

001: 24-pin Extender Card - Special 24-pin extender
card when used in conjunction with Option 002 permits
user access to test points and components on the
various circuit cards with or without power being ap-
plied.

002: 40-pin Extender Card — Special 40-pin extender
card when used in conjunction with Option 001 permits
user access to test points and components on the
various circuit cards with or without power being ap-
plied.

003: Rack Mounting Kit
1.3 SPECIFICATIONS

{.3.1 Waveforms (Functions)

Sine, triangle and square; variable symmetry for pulse
and ramp waveforms; and dc.

1.3.2 Operationa! Modes

Continuous (CW): Synthesized frequency output with
selected parameters.

Amplitude Modulation (AM): Same as CW except that
maximum amplitude limited to 15Vp-p (opencircuit)
and external signa! modutates the amplitude of the
selected output.

Frequency Modulation (FM and VCF): External input
modulates the frequency output.

Sweep Modutation: Al symmetrical waveforms swept
over 3 decades from Start to Stop frequency (up or
down) at programmed rate.

Rats: 100 ms to 100s.
Start/Stop Accuracy: < = 3%.

Phase Lock: Frequency, stability and purity controlled
by external reference. in all modes except FM and
Sweep, generator will lock to applied external 20 Hz
to 20 MHz sins wave.

Lock Phase Angle: = 180° (= = radians).



Resolution: 1°.
Accuracy: 50 Hz to 10 MHz, + (4° + 20 ns).

1.3.3 Waveform Quallty

Sine Distortion: Unbalanced output, Total Harmonic
Distortion. )

2 mHz to 20 Hz: - 40 dB.
20 Hz to 100 kHz: ~ 46 dB.
100 kHz to 1 MHz: - 40 dB.
1 MHz to 6 MHz: - 34 dB.
6 MHz to 20 MHz: - 26 dB.

Time Symmetry: Programmable from 5% t0 95% in 1%
steps to 2 MHz, linearly decreasing to 50% fixed at
20 MHz.

Accuracy.<=(2%+20ns). At50%, <£(0.1%+20ns).

Square Wave Transition Time: < 13 ns, 10% to 90%,
full output, from 50Q source into 502 load.

Square Wave Aberrations: Overshoot and ringing
<(5% + 20 mV) of p-p amplitude.

Triangle Linearlty: From 10% to 90% points:
2 mHz to 100 kHz: = 1%.
100 kHz to 2 MHz: = 2%.
2 MHz to S MHz: + 10%.

1.3.4 Frequency

Range: 2 mHz to 20 MHz.
Synthesized: 20 Hz to 20 MHz.
600Q or Balanced Output: 2 mHz to 1 MHz.
Amplitude Modulation: 0.1 Hz to 20 MHz.

Resgolutlon: 3 1/2 digits (200 to 2000 counts in the
display).

Accuracy: Percent of setting:
2 mHz to 20 Hz and FM or Sweep Modes: £ 3%.
20 Hz to 20 MHz: + 0.05%.

Stabliity
Within 10 Minutes:
= 20 Hz and FM or Sweep Modes: = 0.1%
> 20 Mz and Continuous or AM Modes: =0.001%.
Within 24 Hours:
= 20 Hz and FM or Sweep Modes: = 0.5%
> 20 Hz and Continuous or AM Modes: = 0.002%.
+ 10% Line Voltage Variation:
< 20 Hz and FM and Sweep Modes: = 0.1%.
> 20 Hz and Continuous or AM Modes: = 0.001%.
Temperature:
s 20 Hz and FM and Sweep Modes: < 100 ppm/°C.
> 20 Hz and Continuocus or AM Modes: < 2 ppm/°C

1-2

With Output level Variation:
= 20 Hz and FM and Sweep Modes: =+ 0.1%
> 20 Hz and Continuous or AM Modes: = 0.001%.

1.3.5 Amplitude

Range:
Open Circuit: 2 mVp-p to 30 Vp-p.
Impedance Terminated: 1 mVp-p to 15 Vp-p.

Resolution: With no offset:
2 mVp-p to 20 Vp-p Open Circuit, (1 mVp-p to 10
Vp-p Terminated): 3 digits.
To 30 Vp-p (15 Vp-p Terminated): 3 1/2 digits.

Accuracy: % of Setting:
Sine :
To 999 mVp-p: £ (2% + 2 mV).
To 30 Vp-p: £ (2% + 10 mV).
Triangle and Square :
To 999 mVp-p: = (3% + 4 mV).
To 30 Vp-p: £ (3% + 20 mV).

Flatness: To accuracy percent of setting:
For 100 kHz to 1 MHz: Additional + 2%.
To 5 MHz: Additional = 3%.

To 20 MHz: Additional = 10%.

1.3.6 Offset

Range
= 10V (= 5V terminated).
Resolution
3 digits; may be reduced if both offset and waveform
amplitude are programmed.
Accuracy
0.5V to 10V: = (1% of setting + 20 mV).
1 mV to 500 mV: = (1% of setting + 5 mV).

1.3.7 Outputs
Sync (Trigger) Output

Pulse at frequency of and in phase with square wave.
Low Level: < 0.4V.
High level: > 1.8V into 50RQ.
10-80% Transition Times: < 13 ns.

Horizontal Qutput

Ramp indicates sweep position.
Leve!: Fixed OV to approx. + 5V (open circuit).
Source Impedance: 600R2.

Unbalanced Output
Source Impedance:
To 1 MHz: 6800Q = 1%.
To 20 MHz: 5002 £ 1% or 75Q = 1%.



Balanced Output
Banana jacks for differential output of sine wave; univer-
sal binding post for common.

Source Impedance:

To 1 MHz: 135Q = 0.5% or 800Q = 1%

Output Unbalance:

10 Hz to 1 MHz: < 1% referenced to 1 kHz.

1.3.8 Inputs

External Trigger/Freq In
Input Impedance: 10 kQ = 2%.
Range (Sine Wave): 600 mVp-p to 30 Vp-p (into 10
kQ), 20 Hz to 20 MHz.

Modulation In
Input Impedance: 10 kQ = 2%.
Bandwidth: DC to 100 kHz
Max Level: £ 20 Vp-p (into 10 kR).
FM Mode: = 10V gives 1000:1 change. Apply as DC
for VCF or AC for FM.
AM Mode: 4 Vp-p into 10 kQ gives 100% AM.

1.3.9 Displays

Amplitude: V or mV peak-to-peak or peak. For symmet-
rical waveforms with no offset, displays amplitude in
RMS or dBm.

Resolution: 100 to 999 counts or 0.1 dBm.
Offset: V or mV.

Resolution: 100 to 998 counts.
Frequency Inciuding Sweep Start/Stop): mHz, Hz, kHz
or MHz.

Resolution: 3 1/2 digits.
Period: sec, ms, us or ns.

Resolution: 4 digits.
Symmetry: In %.

Resolution: 2 10 counts.
Resolution: resolves in 1° (deg) increments, displays
radians in 4 digits.
Sweep Time: sec or ms with = 100 counts.

1.3.10 GPIB Programming
Address: 0-30 selectable, battery backed.

Subsets: SH1, AH1, SR1, RL1, PPO, DC1, DTO, CO, T6,
L4, TEO,LEO and E1.

1.3.11 QGeneral

MIL-T-28800 Class 5 qualified.

Temperature Range: 0 to +50°C, - 40 to +70°C for
storage.

Warm-up Time: 20 minutes for specified operation at 25
+ 10°C ambient temperature.

Humidity: 010 +25°C at 95% RH, O to +40°C at 75% RH.
and 0 to 50°C at 45% RH.

Altitude: 3050m (10,000 ft.); non-operating to 12,000m
(40,000 ft.).

Vibration:0.013in. from 5to 55 Hz (2g acceleration at 55
Hz).

Shock: Non-operating; 30g, 11 ms half-sine.

Electromagnetic Compatibility: MIL-STD-461A Notice 4
(EL). Emission and susceptibility requirements of
CE02. CE04, CS02, CS06, RE02, RE02.1 and RSO3.

Dimensions: 35.6 cm (14.00 in.) wide, 13.3 cm (5.219
in.) high and 43.2 cm (17.00 in.) deep.

Weight: Approximately 11.4 kg (25 Ib) net; 13.6 kg (30
ib) shipping.

Power: 90 to 108, 108 to 126, 198 to 231, or 216 t0 252
Vrms: 48 1o 440 Hz: 1 phase; < 60 VA

1.4 EQUIPMENT SUPPLIED

The Model 288 is supplied with a shielded power cord,
spare fuse, and manual.

1.5 EQUIPMENT REQUIRED BUT NOT
SUPPLIED

All items required for the Model 288 are supplied.
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2.1 RECEIVING AND INSPECTINQ
SHIPMENTS

Use the following stepstoinspecta shipment of Wavetek
equipment.

1. Inspect the shipment. Before unpacking the in-
strument, your receiving clerk should have checked
the shipment for missing boxes, inspected each
box for damage, and if necessary, have had the
driver describe the box damage and list shortages
on the delivery bill. If you find unreported shortages
or damage, notify the shipper before further un-
packing.

2, After unpacking the boxes. Save all of the packing
material.

- 3. Inspect the equipment for damage. Inspect it
carsfully, regardless of the condition of the shipping
boxes.

4. It necessary, flle a damage clalm. if any damage
is found, call the shipper immediately (within 10
days) and start the claim process.

5. Call Wavetek. Call Wavetek's Customer Service
department (619-279-2200) and tell them that the
equipment arrived damaged.

2.2 RETURNING EQUIPMENT FOR REPAIR

Use the following steps when returning Wavetek equip-
ment to Wavetek for repair.

1. Save the packing material. Always retum the
equipment to Wavetek in its original packing mate-
rial and boxes. If you use inadequate packing
material, you will have to pay to repair any shipping
damage as carriers will not pay claims on incor-
rectly packed equipment.

2. Call Wavetek for a Return Authorization.
Wavetek's customer service representative will ask

for the name of the person returning the equipment,
telephone number, company name, squipmenttype,

and a description of the problem.

SECTION
PREPARATION

2.3 INITIAL CHECKOUT

2.3.1 introduction

The following paragraphs provide information required
to prepare, turn-on, and checkout the Mode! 288 Signal
Generator in the local mode. Information required for
remote mode is provided in Section 3. Table 2-1 lists
maintenance messages and error codes along with the
probable cause and corrective action. Numbers shown
in parentheses refer to keyed items in figure 2-1.

2.3.2 Preparation for Use

WARNING

The Model 288 Signal Generator is equipped
with a three-wire power cable. When con-
nected to a grounded AC power receptacle,
this cable grounds the Instrumentfront panel
and cabinet. Do not use extension cords or
AC adapters without a ground.

1. Verify that the power switch (1) is setto Off.

2. Verify the the voltage selection card (5} on the rear
panel matches the line voltage available in your
area. Connect the power cable (6) to ac power
connector (7) on rear panel.

Table 2-1. Voltage Selection Card Posltlon and

Fuss Size.
Input Voltage Fuse
Voltage | Selection Card
90 to 108 100 3/4 amp, Slo-Blo
108 to 126 120 3/4 amp, Slo-Blo
198 to 231 220 3/8 amp, Slo-Blo
216 to 252 240 3/8 amp, Slo-Blo
WARNING

This instrument uses an internal battery that
contains 0.2 grams of Lithilum. Donotcharge
or short this battery. A hazard of explosion
and or contamination ex!sts.



Flgure 2-1. Equipment Setup

2.3.3 Turn-on and Initlal Checkout Proce-
dure

1. Verify that only the power cable () is connected to
the Model 288. All other cables should be discon-

nected.

2. Setthe Power On/Off switch (1) from Offto On. Verify
that the Mode! 288 display (4) indicates “WAVETEK

288".

NOTE

If a maintenance message or eror code is
shown in display, refer to table 2-2 for probable
cause and corrective action.

3. PresstheResetkey (2). Verify thatthe following front

panel conditions exist:
Display: RESET (VX.XX)

Function: Sine indicator ON
Moduiation: CW indicator ON
Function Outputs: 50Q and UNBAL indica-

tors ON

2-2

All other displays
and indicators: Off
FREQ 1 KHZ, PER 1

Freguency:

MILLISEC”

Amplitude: AMPL 5VPP, AMPL 2.5VP,
AMPL 1.77VRMS, AMPL
18DBM

Display: INTENSITY 16*

Symmetry: SYMM 50 PCT*

Phase: PHASE 0 DEG/PHASE 0
RAD*

Offset: DCOFF 0 VDC*

Start/Stop: START 2 HZ/STOP 2 KHZ"

Time: SWFPTIME 1 SEC,
SWPRATE 1 HZ*

Address: ADDRS 00 to 30*

* Default value. Press key to display value(s).

Allow the Mode! 288 Signal Generator 20 minutes of
warm-up time.

—



NOTE

o Whenever the power cable has been discon-
nected, or the power switch has been in the
Off position, the Model 288 requires a
20 minute waiting/warm-up period before the
Calibrate key can be selected. If the Calibrate
key is selected before 20 minutes, the display
will indicate “WAIT XX.XX MIN" to show the
time remaining.

o The Calibrate key performs only a 20 second
seif-check, and does not replace standard
maintenance calibration.

5. PresstheCalibrate key (3). Verify thatthe display (4)
indicates *CALIBRATING".

6. Wait approximately 20 seconds. Verify that the
display (4) indicates “AUTOCALIBRATED".

7 1f all above conditions are correct, the signal gen-
erator is ready for operation. If indication is incor-
rect, notify your maintenance department or return

_the instrument to Wavetek for repair.

2.3.4 Maintenance Messages and Error
Codes

Some internal circuit failures cause maintenance mes-
sages or error codes to appear in the display. See table
2.2 for a list of possible maintenance messages/error
codes and probable cause.

2.3.5 Performance Veriflcation

Performance verification tests the operation of every
selectable parameter and input/output connector and
to verify correct operation within each major specifica-
tion. This verification is necessary only when there is 2
problem that is not identified by the AutoCal tests. Al
data obtained during the performance verification should
be permanently recorded for future reference. The
Performance Verification Form in Appendix A can be
used at a master to generate additional copies as
needed. Perforn: initial checkout nrocedures shown in
paragraphs 2.3.2and 2.3.2 nric: tostarting ne perform-
ance vaerification.

Required Test Equipment - Table 5-2 lists ine test
equipment required to perform the performance verifi-
cation procedure. Always keep test equipment inter-
connecting cables as short as possible.

Table 2-2. M

aintenance Messages and Error
Codes.

Display

Probable
Causge

Corrective
Action

Err x000000ceK

Low batt
X0 vV

Cal Required

Press Calibrate
key. If identical
failure error is
displayed, refer to
section 6 (Trou-
bleshooting Proce-
dure). If a different
error displayed,
press the Calibrate
key again. If
“AUTO-
CALIBRATED" is
displayed, the unit
is operational.

improper self-
check/unit

Unit is available
for immediate
operation. Replace
the battery.

internal
battery
voltage low.

Unit has lost it's
calibration data
but can be used
after performing
and passing
AutoCal. Instru-
ment may not
meet all specifi-
cations.

Internal
battery dead.

Table 5-2. Required Test Equipment

Test Equipment Recommended
Model
Scope Tektronix 2465 or
I ecuivalent. i
THD Analyzer | Hewlett Packard 89038 or
equivalent.
Digital Muitineter Not Critical
{OMM)
Signal Generator Not Critical
(Signai Source)
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Frequency Range
1. Reset the Model 288.

2. Connect the Mcdel 288 and test equipment as
shown in figure 2-2.

MODEL 288 COUNTER/TIMER

-]

FREQ IN
(50Q)

Figure 2.2, Frequency Measurement Setup

w

Program frequency to the top frequency of each of
the top six decade frequency ranges and chack
synthesized frequency accuracy per the tabie in
recorded data: RECORD.

4. Select FM Mode and repeat step 3 testing the
uniocked frequency accuracy on ail 10 ranges:
RECORD.

Frequency Resolution
1. Reset the Model 288.

2. Connect the Mode! 288 and test equipment as
shown in figure 2-2,

3. Vary the synthaesized frequency in steps over the
1999 Hz 10 222 Hz frequency range per Appendix
A - Performance Verification Form and measure the
frequency resoiution: RECORD.

Symmotry
Reseat the Modef 288.

2. Connect the Model 288 and test equipment as
shown in figure 2-2.

3. Program time symmetry in steps per Appendix A -
Performance Verification Form and measure sym-
metry accuracy: RECORD.

VCF/FM
Reset the Model 288.

2. Connect the Model 288 and test equipment as
shown in figure 2-3.

3. Program the signal sourca for O Voits de output.
Program the Moce! 288 for FM mode anc measure
the 1kHz = 3% frequency: RECORD.

MODEL 288 SIGNAL SOURCE
o o O

QUTPUT

Figure 2-3. VC/FM Setup

4. Program the signal source for +5 Voits de output
into 10kQ load.  Verify frequency is 2kHz = 5%
{ { £ 3% unlocked accuracy] + [ £2% uncerntainty of
10 kQ input impedance] ): RECORD.

Waveforms and Sweep
1. Reset the Modsl 288.

2. Connect the Model 288 and test equipment as
shown in figure 2-4.

SCOPE

INPUT(S
30Q)

SWEEP UNEAL ouT
ouTt

Figure 2-4. Waveforma/Sweep Verification

3. Program the Modei 288 through the sine, triangle,
square and dc functions while observing them for
normal appearance on the scope: yes/no RECORD.

4. Program the Model 288 10 star sweeping and
observe a normal 100 Hz to 10 kHz, 1 second
sweep: yes/no RECORD.

5. Remove the cable at Unbal Out and connect it t©
Sweap Qut and observe the 1 sacond sweep ramp
(600Q impeaance): yes/no RAECORD.



Pulse
1. Reset the Mcdel 288.

2. Connect the Model 288 and test equipment as
shown in figure 2-4. Verify 50Q source into 50Q
feed-thru termination.

3. Program the Model 288 for 10 MHz square wave
and measure rise time, fail time, positive-going
transition peak-to-peak aberration in percent and
negative-going transition peak-to-peak aberration
in percent: RECORD.

4. Disconnect the cabie at Unbal Outand connect itto
the Sync (trigger) Out. Measure peak-to-peak am-
plitude, rise time and falt time: RECORD.

Outputs
1. Reset the Model 288.

2. Connect the Model 288 and test equipment as
shown in figure 2-4.

3. With the Unbal out connected to the scope. pro-
gram the Mode! 288 for S0%, 75Q and 600Q output
impedance and verify normal waveform appear-
ance and amplitude into matched feed-thru termi-
nations: yes/no RECORD.

4 Connect the Model 288 and test equipment as
shown in figure 2-5.

SCOPE

INPUT
(50Q) o

EEE

Figure 2-5. Balanced Output Verification

5. Syncthescope internally from channel 1only, place
a 135Q load resistor across the Bal Out terminals
and program the Model 288 for 135Q balanced
output. Observe channel 1 and 2 sine waves 180°
out of phase on the scope and each at 1/2 the
amplitude of the Unbal Out sine wave of step 3: yes/.
no RECORD. :

6. Change the loading resistor and the Model 288
source impedance to 600Q. Observe same sSCope
display as in the previous step: yes/no RECORD.

Amplitude Modulation
1. Reset the Model 288.

2 Connect the Model 288 and test equipment as
shown in figure 2-6.

SCOPE

| INPUT
(s00)

SIGNAL GENERATOR
o o O

OUTPUT

Figure 2-6 AM Verification

3. Program the signal generator for a 1kHz, 2Vp-p
open circuit sine wave and the Model 288 for
100 kHz, AM mode. Qbserve a normal amplitude
modulation of approximately 50% on the scope:
yes/no RECORD.

Sine Wave Purity
1. Resst the Model 288.

2 Connect the Mode! 288 and test equipment as
shown in figure 2-7. :

THD Analyzer

| —

INPUT
(50Q)

Figure 2-7. Sine Purity Measurement

3. Measure the sine total harmonic distortion in dB:
RECORD.

Amplitude Accuracy
1. Reset the Model 288.

2. Connect the Model 288 and test equipment as
shown in figure 2-8.
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MODEL 288 DMM

INPUT
1 (50Q)

Figure 2-8. Amplitude Accuracy

3. Program the Model 288 sine amplitude to the unat-
tenuated amplitude values per Appendix A - Per-
formance Verification Form. Measure the true rms
amplitude at each step: RECORD.

Repeat step 3 for the square wave: RECORD.
Repeat step 3 for the triangle wave: RECORD.

DC Output and Attenuator Accuracy
1. Reset the Model 288

2. Connect the-Mode! 288 and test equipment as
shown in figure 2-8.

3. Program the Model 288 dc offset to the attenuated
values per Appendix A - Performance Verification
Form. Measure the dc voltage at each step: REC-
ORD.

External Lock
1. Reset the Model 288

2. Connect the Model 288 and test equipment as
shown in figure 2-9.

3. Measure the 1kHz frequency of the Model 288:
RECORD.

4. Programthe signal source fora 1010 Hz, SVp-p sine
wave. Program the Model 288 to externally lock and
measure the frequency of both the signal generator
and the Model 288: RECORD.

5. Program the Model 288 locking phase angle be-
tween +180° per Appendix A - Performance Verifi-
cation Form. Measure the phase angle ateach step:
RECORD.

Front Panel

Observe the display and annunciators while manually
operating the various keys and check for normal ap-
pearance and operation: yes/no RECORD.
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MODEL 288 COUNTER/TIMER

Figure 2-9. Phase Angle Measurement

2.4 PREVENTIVE MAINTENANCE

2.4.1 General

To be sure that your equipment is always ready for
operation, you must perform scheduled preventive
maintenance. When you are doing any PM or routine

. checks, keep in mind the WARNINGS and CAUTIONS

about electrical shock and bodily harm.

2.4.2. PM Procedures.

No tools or equipment are required for operator preven-
tive maintenance. Cleaning materials required are soap,
water, and rags.

PM is limited to routine checks as follows:
s (Cleaning
- e Dusting
* Wiping
¢ Checking for frayed cables
« Storing items not in use
. '« Covering unused receptacles

Eerforch these routine checks anytime you see they must
be done.



3.1 USE AND FUNCTION OF EACH
CONTROL

Paragraphs 3.1.1and3.1.2 describe all of the operator
“Controls, Indicators, and Connectors” for the Model
288 signal generator.

3.1.1 Front Panel Controls, Indicators, and
Connectors.

Due to the large number of controls and indicators on
the front panel, itis necessary toseparate the front panel

SEGTION
OPERATION

into five different sections. Figure 3-1 shows the focation
of each section of the front panel (called views) used in
table 3-1.

Tabie 3-1 shows each section (views A thru E) of the
frontpanetas an enlarged view immediately foliowed by
the descripticn of the controls, indicators, and connec-
tors for that view.

The rear panel (paragraph 3.1.2) is shown in figure 3-2
and described in table 3-2.

Figure 3-1. Operator's Contrdls_, indicators and Connectors (front view).
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Table 3-1. Front Panel Controls, indicators, and Connectors

Control, indicator

Key or Connector Function
(19)
Frequency
|
Callbrate

Reset

@—{_ ]

@3

VIEW A

1 Amplitude key

2 Symmetry key

Used to display ang enter output ampilitude. Displayed units in Vpp, Vp,
Vrms, or dBm. To enter a new value, press key until desired units are
displayed. Use Cursor keys and control Knob or Numeric and Enter keys
to enter a new value. All units reflect new value. Range is from 0.001 to
15.0 Vpp, 0.0005 to 7.5 Vp, 0.0004 to 5.3 Vrms, and -56.0 dBm to
+27.5 dBm. Defaults to 5 Vpp.

Restrictions: If the DC Offset is not 0 Vdc or symmetry not 50%, can select
only units of Vpp and Vp with decreased range.

Used to display and enter output waveform symmetry from 5% to 95%.
Press to display the.present value. Use the controi Knob or the Numeric
and Enter keys to enter a new value in 1% increments. Defaults to 50%.

Restrictions: Fixed at 50% when either BAL, FM/VCF, or Sweep is selected.
Linearly increases (from 5%) and decreases (from 95%) at frequencies
above 2 MHz to 50% at 20 MHz.



Table 3-1. Front Panel Controls, Indicators, and Connectors (Continued)

Key

Control, Indicator
or Connector

Function

Offset key

(Sine) indicator

(Triangle) indicator

(Square) indicator

DC indicator

Function Select key

Sync Out connector

Used to display and enter DC offset value from +5.000t0 -5.000V. InDC
function, controls signal output polarity and level. In sine, triangle, and
square functions it controls reference leve!l of output waveform. Press to
display the present value. Use the Cursor keys and control Knob or the
Numeric and Enter keys to enter a new value. Defaults to 0 Vde.

Restrictions: Fixed at O Vdc when BAL selected. When Sweep, CW, and
FM/NCF are selected, range limited at amplitudes = 5 Vdc. When AMis
selected, range limited at amplitudes = 2.5 Vdc.

When ON, indicates that Sine function is active. Provides an operator
defined sine waveform from Unbalanced or Balanced output connectors.
To activate, press the Function Select key until the indicator lights.

Restrictions: Locked in when BAL and/or AM selected.

When ON, indicates that Triangle function is active. Provides an operator
defined triangie waveform from Unbalanced connector. To activate, press
the Function Select key until indicator lights.

Restrictions: Locked out when BAL and/or AM selected.

When ON, indicates that Square function is active. Provides an operator
defined square waveform from Unbalanced connector. To activate, press
the Function Select key until indicator lights.

Restrictions: Locked out when BAL and/or AM selected.

When ON, indicates that DC function is active. Provides an operator
defined dc voltage level from Unbalanced connector. To activate, press
the Function Select key until indicator lights.

Restrictions: Locked out when BAL, AM, and/or phase lock ON is
selected.

Used to select Sine, Triangle, Square, or DC function. Press until the
desired indicator tights.

Restrictions: See Sine, Triangle, Square, and OC indicators.

BNC female connector with capacity of driving 50Q. Provides a 1.0 10
2.5 Vpp TTL pulse at output waveform frequency. Signal is used when
synchronizing the signal generator to any external equipment. Signal
symmetry is same as square wave. Signal is “in phase” with square wave
but leads sine and triangle waveforms by 90°.

Restrictions: Signal not present in DC function.



Table 3-1. Front Panel Controls, Indicators, and Connectors (Continued)

Key

Control, Indicator
or Connector

Function

10

11

12

13

14

15

16

17

18

3-4

Ext Lock On/Off key

Ext Freg in connector

Ext Lock On indicator

UNLOCK indicator

Phase key

Power switch

Display key

Reset key

Calibrate key

Used to select the external reference frequency signal connected to the
Ext Freq In connector. OFF activates internal frequency reference signal.
ON deactivates internal frequency reference and an external signal must
be used. Press for on (Ext Lock ON indicator on), press for off (Ext Lock
ON indicator off).

Restrictlons: Locked out when frequency < 20 Hz, and when DC, Sweep,
and/or FMNVCF is selected.

BNC female connector with 10kQ2 input impedance accepts 20 Mz to
20 MHz sine wave at from 800 mVrms to 30 Vpp signal. Frequency must
be set to Model 288 output frequency = 3%. Used to connect an external
frequency reference to the Mode! 288 for increased accuracy and
stability.

When ON, indicates that signal connected to Ext Freq in connector is to
be used for reference frequency. Does notindicate signal is present at Ext
Freq in connector. See Ext Lock ON/OFF key description for further
explanation.

When flashing, indicates a problem with internal or external frequency
reference signal, causing the signal generator output frequency to be
inaccurate. Normally off. When ON continuously, indicates that current
instrument set-up does not allow locking to a frequency reference.

Used to display and enter the output signal phase. Phase relationship
compared to an external signal connected to the Ext Freq In connector.
Displayed units are in +/- degrees or in + /-radians. To snter a new value,
press the key until desired units are displayed. Use Cursor keys and
control Knob or the Numeric and Enter keys to enter a new vaiue. Both units
reflect new value. Range from +180° to -180° or +3.14 to -3.14 radians.
Detaults to 0°.

Used to setvoitage to Model 288 on or off. ON when button rocked up, OFF
when button rocked down.

Used to show and adjust the intensity of the display from 00 t0 31. 31 is
brightest setting. Press to display the present value. Use control Knob or
the Numeric and Enter keys to enter a new value. Defaults to 16.

Used to set the Model 288 parameters to the default condition (para 2-6).
The GPIB address remains unchanged. Press to activate.

Used to perform the Model 288 Sslf-test and Auto-Calibration. Performs a
20 second functional check and fine tune of certain internal circuits. The
display will indicate “CALIBRATING® during the Selif-test, and “AU-
TOCALIBRATED" aftera successful Seif-test. Press to activate.

Restrictions: Requirss 20 minute warm-up each time power is applied.



Table 3-1. Front Panel Controls, Indicators, and Connectors (Continued)

Key

Control, indlcator
or Connector

Function

18

Frequency key

Used to display and enter output frequency/period. Displayed frequency
units in MHz, kHz, Hz, and mHz. Displayed period units in SECandms. To
enter a new value, press key until desired units are displayed. Use the
Cursor keys and control Knob or the Numeric and Enter keysto enteranew
value in Hz or SEC. Both units reflect new value. Range is from 0.002 Hz
to 20.00 MHz or 500.0 SEC to 0.00005 ms. Defaults to 1 .000 kHz.

Restrictions: Frequencies > 2 MHz are limited when symmetry is not 50%.
Frequencies < 20 Hz are locked out when phase lock ON is selected.
Frequencies > 1 MHz locked out when BAL, 135Q, and/or 600Q is
selected. Frequencies < 0.1 Hz locked out when AM selected.

® ®

Param Reset Cursor —~

(} Panel Lock = B
. _Moduigtion ____
@/r__-—l Tm@t_j Time
- -
e [REMCTE |

4 @

I\

= R M

oﬂ\@

)

20

<= Cursor key

Used to change display setting. Moves selectable digit to left through all
possible disptay combinations. Press key until desired digit flashes, then
use the control Knob to change value.

Restrictions: N‘bt used for Display, Phase, Symmetry, and Address keys.
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Table 3-1. Front Panel Controls, indicators, and Connectors (Continued)

Key

Control, Indicator
or Connector

Function

21

22

23

24

25

26

27

28

3-6

Cursor = key

Time key

Local key

REMOTE indicator

Address key

FM/VCF indicator

Sweep Out connector

Mod/NCF in connector

Used to change display setting. Moves seiectable digit to right through all
possible display combinations. Press key until desired digit flashes, then
use control Knob to change value.

Restrictions: Not usad for Display, Phase, Symmetry, and Address keys.

Used to display and enter the time or rate for one complete sweep. Only
used during sweep modulation. Displayed units arein SEC or Hz. To enter
a new value, press key until desired units are displayed. Use the Cursor
keys and control Knob or the Numeric and Enter keys to enter a new value.
Both units reflect new value. Rangeis from0.1to 100 SECor 1010 0.01 Hz.
Defaults to 1 SEC.

Used to return the Model 288 to front pansl control from the remote (GFIB)
mode. Front pane! displays “GOTO LOCAL". Press to activate.

Restrictions: Will not select if Local Lockout set by external Controiler
during remote operation.

When ON, indicates that Model 288 is in remote (GPIB) operation using the
external Controlier. Instrument settings can be queried but not changed.

Used to display and enter IEEE-488 (GPIB) address from 00 to 30. Press
to display present value. Use control Knob or the Numeric and Enter keys
to enter a new value, Defaults to 09 when (34) is pressed.

Restrictions: Will not select if Local Lockout is set by an external
Controller during remote operation.

When ON, indicates that FM/VCF modulation mode is active. Provides an
operator defined frequency modulated waveform from Unbalanced or
Balanced output connectors. An external signal source connected to
MOD/VCF IN connector is required for FM/VCF operation. External signal
amplitude of 0 to 10 Vpp controis deviation. External signal frequency of
DC to 100 kHz controls rate. To activate, press Modulation Select key until
indicator lights.

Restrictions: Locked out when symmetry not 50% and/or when Phase
Lock ON is selected.

BNC female connector with 60052 output impedance. Provides a0to +5V
or +5 to OV linear ramp voitage from start to stop frequency at sweep time
selected. Signal is used for sweeping an external signal source.

Restrictions: Signal only present during sweep modulation mode.

BNC female connector with 10kQ input impedance. Used to connect an
externally supplied DC to 100 kHz signal for modulation of Unbalanced
and Balanced output signals. Maximum signal input is 20 Vpp. Input
amplitude controls AM depth and FM/VCF deviation. Input frequency
controls AM and FM/VCF modulation rate.



Table 3-1. Front Panesl Controls, Indlcators, and Connectors (Continued)

Key

Control, indicator
or Connector

Function

29

30

31

32

33

Modulation Select key

AM indicator

CW indicator

SWEEP indicator

Start/Stop key

Param Reset key

Used to select Sweep, CW, AM, or FMAVCF modulation. Press until desired
indicator lights.

Restrictions: See Sweep, CW, AM, or FM/VCF indicators.

When ON, indicates that AM modulation mode is active. Provides an
operator defined amplitude modulated waveform from Unbalanced or
Balanced output connectors. An external signal source connected 10
MODNCF IN connector is required for AM operation. External signal
amplitude of 0 to 4 Vpp controls depth. A 4 Vpp provides 100% depth.
External signal frequency of DCto 100 kHz controis rate. To activate, press
Modulation Select key until indicator lights.

Restrictions: Locked out when the Triangle, Square, or DC function is
selected, frequency is set to < 0.1 Hz, and/or the sum of ampiitude (Vpp)
and Offset (Vdc) exceeds 7.5.

When ON, indicates that CW modulation mode is active. Provides an
operator defined continuous waveform from Unbalanced or Balanced
output connectors. To activate, press Modutation Select key until indicator
lights. Defaults to CW.

Restrictions: Locked in when Triangle, Square, Ext Lock ON. Amplitude,
and/or symmetry selections lock out sweep, AM, and FM/VCF modes.

When ON, indicates that sweep modulation mode is active. Provides an
operator defined swept waveform from Unbalanced or Balanced output
connectors. To activate, press Modulation Select key until indicator lights
and "SWEEP RUN" is shown on display.

Restrictions: Locked out when symmetry not 50%, when Ext Lock ON
selected, and/or when the combination of Start/Stop frequencies exceed
range limits.

Used to display and enter the start and stop frequencies for sweep
modulation mode. Displayed units in mHz, Hz, kHz, and MHz. Press for
start frequency, and again for stop frequency. |f Sweep indicator is on,
pressing again will cause sweptoutput (display indicates “SWEEP RUN™).
To enter a new value, press key until desired parameter is displayed. Use
the Cursor keys/control Knobor the Numeric and Enter keys to enteranew
value, Range from 2 mHz to 20 MHz. Defaults are 2.0 Hz start and 2 kHz
stop.

Restrictions: If sweep is selected while entering start and stop frequen-
cies, it will automatically change value entered first to provide sweep
within acceptable range limits.

Used to reset only parameter currently shown in the display to default
value. Does not.change non-displayed parameters. Press to activate.
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Table 3-1. Front Panel Controls, Indicators, and Connectors (Continued)

Key

Control, Indicator
or Connector

Function

35

Panel Lock key

Used to disabie ali front panel key selections, except the Power switch.
Does not affect signals at output connectors. Press to activate, press
again to deactivate. Display indicates "PANEL LOCKED" or “PANEL
UNLOCKED" to show status.

Restrictions: If panel is locked when power is set to OFF, it will remain
locked when power is set to ON; however, the display will net indicate
locked status.

Sl

=

@—

o, A o o e

IE}\

T {ONEAT] ©@, ~@

, "

Unbalanced

VIEWC

36

37
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Function Outputs Select key

50Q indicator

75Q indicator

Used to seiect desired output impedance (50Q, 75Q, 135Q, or 600Q) and
output connector (UNBAL or BAL) combination. Press until desired
indicators light.

Restrictions: See 50Q, 75Q, 135Q, 6004, UNBAL, or BAL indicators.

When ON, indicates 500 output impedance. Select to match 50Q load
impedance. Provides an signal output with 502 impedance at the Unbal-
anced output connector. To activate, press Function Qutputs Select key
until 50Q and UNBAL indicators iight. Defauits to 50Q UNBAL.

When ON, indicates 75Q output impedance. Select to match 75Q load
impedance. Provides a signal output with 750 impedance at the Unbal-
anced output connector. To activate, press Function Outputs Select key
until 75Q and UNBAL indicators light.



Table 3-1. Front Panel Controls, Indicators, and Connectors (Continued)

Key

Control, Indicator
or Connector

Function

39

40

41

42

43

45

46

135Q indicator

600Q indicator

BAL indicator

Balanced (ct) terminal

Balanced (-) jack

Balanced (+) jack

Unbalanced connector

UNBAL indicator

when ON, indicates 135 output impedance. Select to match 135Q load
impedance. Provides signal output with 135Q impedance atthe Balanced
output connector. To activate, press Function Outputs Select key untif
135Q and BAL indicators fight.

Restrictions: Locked out for frequencies greater than 1 MHz. See BAL
indicator for further restrictions.

When ON, indicates 600K output impedance. Selectto match 800Q load
impedance. Provides signal output with 600Q impedance at the Unbal-
anced or Balanced output connectors. To activate, press Function Out-
puts Select key until 600Q and BAL, or 60062 and UNBAL indicators light.

Restrictions: Locked out for frequencies greater than 1 MHz. See BAL
indicator for further restrictions.

When ON, indicates that Balanced output connectors are providing an
operator defined balanced output signal. Impedance is selectable for
135Q or 600Q. To activate, press Function Outputs Select key until 135Q
and BAL, or 600Q and BAL indicators fight.

Restrictions: Locked out for frequencies greater than 1 MHz, for Triangle,
Square, or DC functions, for Offset other than O Vdc, and/or symmetry
other than 50%.

Captive screw binding post used as neutral center tap with Balanced
(-) and Balanced (+) jacks.

Female banana jack with 1358 or 8000 output impedance. Provides a
balanced output from 2 mHz to 1 MHz when used as negative signal lead
with Balanced (+) jacks. Selected when BAL indicator on.

Female banana jack with 135Q or 600Q output impedance. Provides a
balanced output from 2 mHz to 1 MHz when used as positive signal lead
with Balanced (-) jacks. Selected when BAL indicator on.

BNC female connector with 50Q, 75Q, or 60002 output impedance.
Provides an unbalanced output from 2 mHz to 20 MHz (2 mHz to 1 MHz
for 60092). Selected when UNBAL indicator on.

When on, indicates Unbalanced output connector is providing an operator
defined unbalanced output signal. impedance is selectable from 50Q,
75Q, or 600Q. To activate, press Function Outputs Select key until 5082
and UNBAL, 75Q and UNBAL, or 600Q and UNBAL indicators light.
Defaults to 500 UNBAL.

Restrictions:600Q UNBAL locked out for frequencies greater than
1 MHz.
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Table 3-1. Front Panel Controls, indicators, and Connectors (Continued)

Key

Control, Indicator
or Connector

Function

3
b
/

A
o
-
]

AN

VIEW D

47

48
49

50

51

52

53
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+{- key

. (DECIMAL) key

Enter key

EXP key

CE key

Control Knob key

ENABLE indicator

Used to enter a positive or negative sign for numeric data entry. Used for
standard and exponent entry. Blank indicates positive, - indicates nega-
tive. Press to change sign.

Used to enter a decimal point for numeric data entry.

Used to terminate entries from the Numeric keypad. Pressing after
numeric data entry transfers the display contents to MODEL 288 internal
circuits. All values entered not within specifications are disregarded.
Values exceeding resolution are rounded or entered to nearest allowable
value.

Used to enter an exponent digit. To enter an exponent, use Numeric
keypad to enter prefix, press EXP key, then exponent value using Numeric
key O to 8. Exponent can be entered as a negative by pressing +/- key.

Used to ciear a numeric entry error when using the Numeric keys.
Unwanted data must be cleared bsefore pressing Enter key. Press onceto
clear display of numeric entry.

Used to enable or disable the control Knob. When ON, selecting ap-
propriate parameter key activates control Knob (ENABLE indicator ON).
When OFF, control Knob is deactivated (ENABLE indicator remains OFF).
Press for ON, press again for OFF. Defaults to ON.

When ON, indicates th‘ét control Knob will change value in the display.
Press the Knob key to activate.

Restrictions: ENABLE indicator will light only when selecting a parameter
that can use the control Knob as input.



Table 3-1. Front Panel Controls, indicators, and Connectors (Continued)

Control, indicator I

or Connector Function

!
54 | NUMERIC keypad (0 —9) Usedtoentera0,1,2,3,4,5,6,7,8,or9for numeric data entry. Used with
] +/-, DECIMAL, Enter, EXP, and CE keys to enter data. Press desired gigit.

VIEW E

55 DISPLAY indicates all output signal information, entry information, operator mes-
sages, and error codes. Variable brightness 16-digit alphanumeric dis-
play with decimal point and minus sign.

56 Control KNOB Used to change numeric value of flashing digitas selected by Cursorkeys.
CW rotation increases value, CCW rotation decreases value. Active when
ENABLE indicator is ON.

3.1.2 Rear Panel Controls, Indicators, s and connectors. Refer to figure 3-2 for the location

and Connectors. ' ‘ of the rear panel controls, indicators, and COnnecters.
This paragraph provides information on the lacation,  Table 3-2 provides the description and use of the rear
description, and use of the rear panel controls, indica-  pane controls, indicators, and connectors.
frﬁ\ °
e —

I

Figure 3-2. Operator’s Controls, Indicators, and Connectors (rear view).
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Table 3-2. Rear Panel Controls, indicators, and Connectors

Control, indicator,
Kay or Connector

Function

57 GPIB connector

58 INPUT POWER connector

Used 1o connect an external Controller 1o Model 288 during remote
operation. Connector has 24 pins and threaded posts conforming to IEEE-
488 1978,

Used as ac power input connector for Model 288. Also contains the line
fuse and voitage selection facilities. Voltage selection is from 100/120/
220/240 Vac. Number visible in window indicates nominal line voltage for
which the Model 288 is set t0 operate. Powear input connector accepts
female end of power cable (supplied). Protective grounding conductor
connects the Model 288 through this connector. Line power fusa is 0.75
amp, 250V for 100/120 Vac and 0.375 amp, 250V for 220/240 Vac

. operation.

3.2 NORMAL OPERATION

This section provides the inforrmation required to set up
and operate the Modet 288 signal generator. Operation
of the signal generator is divided into sections: continu-
ous wave, sweep modulation, amplitude modulation,
frequency modulation, voitage controlled frequency,
and GPIB operation.

Operation of signal generator is provided in paragraphs
3.2.2hru 3.2.7. Refer to tables 3-1 and 3-2 for use and
description of the front and rear panel controls, connec-
tors, and indicators. Table 2-2 lists all operator errors
along with the probable cause.

3.2.1 Start Up

Refer to section 2, paragraph 2.3.3, for turn-on proce-
dures.

3.2.2 Continuous Wave (CW)

Perform the following steps (using figure 3-3) to provide
a continuous wave output signat from 2 mHz to 20 MHZ
at from 1 mVpp to 15 Vpp.

1. Press the Raset key (15), Verify that CW indicator
(13) is on.

2. Select desired output waveform (sine, triangle,
square, or dc) using the Function Select key (14).

3. Press the foliowing keys and then enter desired
value. Use the Cursor keys (6) and control Knob (7),
or the Numeric keypad (9) and Enter key (8). Entry
will appear in the display (S5).

3-12
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e Press the Frequency key (1) and enter desired
output frequency (Hz) or pericd (SEC).

e Prass the Amplitude key (2) and enter desired
output ampiitude in Vpp, Vp, Vrms, or dBm.

¢ Press the Symmetry key (3) and enter desired
output waveform symmetry in percent.

e Press the Offset key (4). If Sine, Triangle, or
Square is selected (14), enter desired output
waveform reference level in volts dc. If dc is
selected (14), enter desired d¢ output level in
volts dc.

Selectdesired outputimpedance (50Q, 75Q, 1354,
or 600R) and eonnector (BAL or UNBAL) using
Function Outputs Select key (12) to match load
termination.

NQTE

o When connecting the Model 288 output
connector to a locad, use a cable with the
corrsct impedancs for the output selected.

e Balanced ct connector is internally con-
nected to the shield of all the other Model
288 BNC connecters. When connecting to
external equipment, whosa connector
shislds are at chassis ground, a ground
loop will be formed that will adversely affect
the Balanced output signal.

Connec! the selected output Balanced (10) or Un-
balanced (11) connector to load.
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Figure 3-4. Sweep Modulation Operation Control Setup

3.2.4 Amplitude Modulation (AM)

Perform the following steps (using figure 3-5) to provide
an amplitude modulated output signal from 0.1 Hz to
20 MHz at 1 mVpp to 7.5 Vpp with modulation rate from
OC to 100 kHz and modulation depth from O to 100%.

1.

Press the Reset key (16). Select AM indicator (15)
using the Modulation Select key (13).

Press the following keys and then enter desired
value. Use the Cursor keys (6) and control Knob (7),
or the Numeric keypad (9) and Enter key (8). Entry
will appear in the display (5).

* Press the Frequency key (1) and enter desired
output carrier frequency (Hz) or-period (SEC).

* Press the Amplitude key (2) and enter desired
output carrier amplitude in Vpp, Vp, Vims, or
dBm.

* Press the Symmetry key (3) and enter desired
output carrier waveform symmetry in percent.

* Press the Offset key (4) and enter desired
output carrier waveform reference level in volts
DC.

Connect the external signal source sine wave to the
MODANCEF IN connector (14).

Set the external signal source to desired frequency
from DC to 100 kHz. This is the rate at which the
Model 288 will modulate the outputsignal.

Example:

5. Setthe externaksignal source to desired amplitude

from 0to 4 Vpp..This is the depth at which the Model
288 will modulate the output signal. Moduiation
depth is directly proportional to the input signal
amplitude.

A 4 Vpp input provides 100% depth,
2 Vpp input provides 50% depth, etc.

6. Select the desired output impedance (50Q, 75Q,

135Q, or 600Q) and connector (BAL or UNBAL)
using Function Outputs Select key (12) to match
load termination.

NOTE

*  When conngcting Signal Generator output
connector to the load, use cable with cor-
rect impedance for the output selected.

s Balanced ct connector is internally con-
nected to the shield of all the other Model
288 BNC connsctors. When connecting to
external equipment, whose connector
shields are at chassis ground, a ground
loop will be formed that will adversely affect
the Balanced output signal.

Connect selected output Balanced (10) or Un-
balanced (11) connector to load.
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Figure 3-5. Amplitude Modulation Operation Control Setup

3.2.5 Frequency Modulation {FM}

Perform the following steps (using figure 3-6) to provide
a frequency modulated output signal from 0.002 Hz to
20 MHz at 1 mVpp to 15 Vpp with modulation rate from
DC to 100 kHz and deviation as specified below.

1. Press Resetkey (17). Verify CW indicator (15)is on.

2 Calculate and record upper and lower modulation
limit frequencies required as follows:

UPPER LIMIT = CTRF + PEAK DEVIATION
LOWER LIMIT = CTRF - PEAK DEVIATION

UPPER LIMIT is upper modulation limit re-
quired

LOWER LIMIT is lower modulation limit re-
guired

CTRF is desired center frequency

PEAK DEVIATION is desired positive OR
negative deviation

where;

Desired Center Frequency = 200 kHz
Peak Deviation = = 25 kHz

Example:

Upper Limit = 200 kHz + 25 kHz = 225 kHz
Lower Limit = 200 kHz - 25 kHz =175 kHz

3. Using table 3-3, find and record the range nurmber

that contains the calcuiated upper fimit (step 2). .

Verify calculated lower limit (step 2) is within fimits of
table for range selected.

Example:

Upper limitof 225 kHz isrange number 8.
Calculated lower limitwithinrange (range
8 lower limit 2.0 kHz and calculated lower
limit 175 kHz).

CAUTION

Exceeding lower limit will cause output signal
distortion.

4. Calculate and record the external source ampli-
tude (Vpp) as follows:

OUT AMP = P-P DEVIATION + DEVIATION PERV

OUT AMP is external source amplitude (Vpp)
P-P DEVIATION is desired positive AND
negative deviation

DEVIATION PER V from table above using
range number recorded in step 3

where:

P.P Deviation = 50 kHz (+ and - 25 kHz)
Deviation per voit = 200 kHz (from table,
range 8)

Qutput Amplitude = 50 kHz + 200kHz =

0.25 Vpp

Example:

5. Press the Frequency key (1) and enter calculated

upper limit frequency (step 2) in Hz. Use either
Cursor keys (5) and control Knob (6), or the Numeric
keypad (8) and Enter key (7). Entry willappear inthe
display (4).

3-15



8.

10.

Select FMNVCF indicator (12) using the Modulation
Select key (13).

Select the desired output waveform (Sine, Triangle,
Square, or DC) using function Select key (16).

Press the following keys and then enter desired
value. Use either Cursor keys (5) and control Knob
(6), or the Numeric keypad (8) and Enter key (7).
Entry will appear in the display (4).

* Press the Frequency key (1) and enter center
frequency used in calculation (step 2) in Hz.

* Press the Amplitude key (2) and enter desired
output carrier amplitude in Vpp, Vp, Vrms, or
dBm.

¢ Press the Offset key (3). If Sine, Triangle, or
Square selected (16), enter desired output
carrier waveform reference level in volts dc. if
dc selected (16), enter desired dc¢ output level
in volts DC.

Connect the external signal source sine wave to
MODNCF IN connector {14).

Set the external signal source to desired frequency
from DC to 100 kHz. This is the rate at which the
Model 288 will modulate the output signal.

11.

t2.

13.

Set the external signal source to calculated ampli-
tude (step 4) from O to 10Vpp. This is the deviation
at which the Model 288 will modulate the output
signal.

Selectdesired outputimpedance (50Q, 75Q, 135Q,
or 600Q) and connector (BAL,or UNBAL) using
Function Qutputs Select key (11) to match load
termination.

NOTE

* When connecting Signal Generator output
connector to the load, use cable with cor-
rect impedance for the output selected.

¢ Balanced ¢t connector is internally con-
nected to the shield of all the other Mode!
288 BNC connectors. When connecting to
external equipment, whose connector
Shields are at chassis ground, a ground
loop will be formed that will adversely affect
the Balanced output signal.

Connect selected output Balanced (9) or Unbal-
anced (10) connector ¢ load.

Figure 3-6. Frequency Modulation Operation Control Setup
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Table 3-3. Frequency Modulation Range Information.

Range l Modulation Upper Moduiation Deviatlon per
Number | Limit Range Lower Limit Volt
0 3 20 mHz to 2 mHz 2 miz 2 mHz
1 | 200 mHz to 20.1 mHz 2 mHz 20 mHz
2 2 Hz to 201 mHz 2mHz 200 mHz
3 i 20 Hzt0 2.01 Hz 20 mHz 2Hz
4 i 200 Hz t0 20.1 Hz 200 mHz 20 Hz
5 ! 2 kHz to 201 Hz ) 2Hz 200 Hz
6 ] 20 kHz to 2.01 kHz 20Hz 2 kHz
7 ' 200 kHz to0 20.1 kiHz 200 Hz 20 kHz
8 2.0 MHz to 201 kHz 2.0kHz 200 kHz
9 | 20 MHz to 2.01 MHz 20 kHz 2 MHz

3.2.6 Voltage Controlled Frequency (VCF)

Perform the following steps (using figure 3-7)to provide
a voltage controlled frequency output signal from
0.002 Hz to 20 MHz at 1 mVpp 10 15 Vpp.

1. Press Resetkey (17). Verify CW indicator (15) is on.

2 Calculate and record upper and lower frequency
limits required as follows:

UPPER LIMIT = INT + FREQ CHG
LOWER LIMIT = INT - FREQ CHG

UPPER LIMIT is upper frequency limit re-
quired

LOWER LIMIT is lower frequency limit re-
quired

INT is desired initial frequency

FREQ CHG is desired positive of negative
frequency change

where:

Example: Desired Initial Frequency = 200kHz, Fre-
quency Change = (+25kHz) and (-10 kHz)

Upper Limit = 200 kHz + 25 kHz = 225 kHz
Lower Limit = 200 kHz - 10 kHz =190 kHz

3. Using table 3-4, find and record the range number
that contains the caiculated upper limit (step 2).
verify calculated lower limit (step 2) is within limits of
table for range selected.

Example: Upper limit of 225 kHz is range number 8.
Calculated lower limit within range (range 8
lower limit 2.0 kHz and calculated lower timit
190 kHz).

NOTE

Exceeding lower limit will cause output signal
distortion.

4. Calculate and record the external DC source level
(Vde) as follows:

OUT VOLT = FREQ CHG + CHG PER \
where:  OUT VOLT is external source voltage (+ or -
vde)

FREQ CHG is desired positive or negative
frequency change

CHG PER V from table above using range
number recorded in step 3.

Example: FrequencyChange =+ 25kHzand- 10kHz
Change pervolt=200 kHz (fromtable, range

8)

Output Voltage = + 25 kHz + 200 kHz =
+ 0.125V

and

Output Voltage = - 10 kHz + 200 kHz = -
0.05V.

5. Press the Frequency key (1) and enter calculated
upper limit frequency (step 2) in Hz. Use either
Cursorkeys(5)and control Knob (6), or the Numeric
keypad (8) and Enter key (7). Entry will appear inthe
display (4)-

6. Select FM/VCFindicator(12) using Modulation Select
key (13).

7. Select desired output waveform (Sine, Triangle,
Square, of DC) using function Seiect key (16).
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8. Press the following keys and then enter desired Function Outputs Select key (11) to match load
value. Use the Cursor keys (5) and control Knob termination.
(8), or the Numeric keypad (8) and Enter key (7).
Entry will appear in the display (4). NOTE

» Press Frequency key (1) and enter initial fre- e When connecting the Model 288 output

quency used in calculation (step 2) in Hz. connector to the load, use cable with
correctimpedance for the output selectad.

¢ Press Amplitude key (2) and enter desired
output amplitude in Vpp, Vp, Vrms, or dBm.

o PressOffsetkey(3).!fSine, Triangle, orSquare * Balanced ct connector is internally con-
selected (16), enter desired output waveform nected to the shield of all the other Model

reference level in volts dc. If dc selected (16), 288 BNC connectors. When connecting to

enter desired dc output level in volts DC. external equipment, whose connector
shields are at chassis ground, a ground

9. Connectthe external DC_source DC level to MOD/ Joop will be formed that will adversely
VCF IN connector (14). affect the Balanced output signal.

10. Set the dc signal source to the calcuiated level
(step 4) from -5 to +5V. 12. Connact seleciad output Balanced (9) or Unbal-

11, Select desired outputimpedance (50Q, 75Q, 135Q, anced (10) connector to load.

or 600Q) and connector (BAL/UNBAL) using

1 2 3 4 5 L] 7 8
| \ j O\ o [ nm =
]
‘L L P ——
== P
B = &
s O Q O ° °
—
o YDC
1?7 8 15 14 3 3 1 10, 9

Figure 3-7. VCF Operation Control Setup

3-18



Table 3-4. Voltage Controlled Frequency Range Information.

Range Upper Limit Lower Change per
Number Range Limit Volt
(o] 20 mHz to 2 mHz 2 mHz 2mHz
1 200 mHz to 20.1 mHz 2 mHz 20 mHz
2 2 Hz to 201 mHz 2 mHz 200 mHz
3 20 Hz 10 2.01 Hz 20 mHz 2Hz
4 200 Hz to 20.1 Hz 200 mHz 20 H2
5 2 kHz to 201 Hz 2Hz 200 Hz
] 20 kHz to 2.01 kHz 20 Hz 2 kHz
7 200 kHz to 20.1 kH2 200 Hz 20 kHz
8 2.0 MHz to 201 kHz 2.0kHz 200 kHz
] 20 MHz t0 2.01 MH2 20 kHz 2 MHz

3.2.7 GPIB (Remote) Operation

This following paragraphs describe the Model 288 re-
mote operation (GPIB) procedures using an external
controlier. GPIB Digital Interface conforms to |EEE 488
1978 subsets SH1, AH1, T6, TEO, L4, LEO, SR1, RL1,
PPO, DC1,DT1,CO, and E1.

Remote operation of the Model 288 is very similar to
* local operation, exceptthatthe commandsareentered

and received using an external Controlier, and not by
pressing keys and observing the disptay and indica-
tors on the front panel. The GPIB connector permits
remote control of all functions except Power switch,
Local key, and Address key. Refer as necessary to
Section 2 for descriptions of controls, indicators, and
connectors, and individual operating procedures
(paragraphs 3.2.2 thru 3.2.7). GPIB connector wiring
data is shown in figure 3-8.

SICNAL GROUKD
PIO TWLSTED PAIR WITH 11
P10 TWISTED PAIR WITH 10

w&&wo P10 TWISTED PAIR WITH S

OF OTHER W1RE OF P10 TWISTED PAIR WITH

IWISTED PAIR PIOTWISTED PAIR WITH T

PIO THISTED PAIR WITH §

REN

dios

I

Lodchwkmmwnpaﬁuo. ‘0i0 6

True (1) = 0.0 Vdc 10 +0.4 Vdc. 0IOS
Faige (0) = 2.5 Ve 10 +5 V.

SHIELD =—— CONNMECT 10

ATN EARTH
CROUND

SRQ

IFC

NOAC

NFD

DAY

€01

0104

0103

0102

o101

24-PIN MICRO-RIBBON
(SERIES 57) CONNECTOR

Figure 3-8. GPIB Wiring Connector Pin Out
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Perform the following steps (using figure 3-9) for remote
operation of the Model 288 signal generator.

1. Connectthe equipment as shown below.

NOTE

Keep GPIB interconnect cable length below 2
meters (6.6 fset)

2. PerformModel 288 turn-on procedure (referto para-
graph 2.2.3).

3. On Signal Generator front panel:

PresstheLocal key (8), verify thatthe display (1)
indicates “GOTOLOCAL", andthatthe REMOTE
indicator (6) is out.

Press the Address key (7) and enter desired
address from 00to30. Use the control Knob (3),
or the Numeric keypad (5) and Enter key (4).

Entry will appear in the display (1). Default ad-

dress is 09,

4. Operator commands are programmed using an
external Controiler and GPIB commands listed in
table 3-6.

3.3 GPIB COMMAND STRUCTURE

3.3.1 Introduction

This paragraph tells how to control the Model 288 re-
motelyoverthe GPIB bus andisdividedinto the following

topics:

Model 288 Commands.

Universal and Addressed Commands.
Detailed Command Descriptions.
Service Requests.

Displaying Messagses.

GPIB Keys.

3.3.2 Model 288 Commands

The foilowing is a discussion of the Model 288 com-
mands and the rules that must be followedto apply them.

Commands Types
Command Syntax
Command List

GPIB INTERCONNECT
CABLE

TO REAR PANEL GPiB
CONNECTOR

FROM REAR PANEL
GPI8 CONNECTOR

N

Figure 3-9. GPIB Interconnect Wiring
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Flgure 3-10. GPIB Operation Control Setup

3.3.2.1 Command Types

The Model 288 has fourtypes of commands: parameter,
enumerated, direct, and query.

The following text discusses each type of command
separately. The examplesterminatethe commandswith
semicolons (;) or closing quotes (*). The controlier may
send just the command name without a value and the
>88 will display that parameter’s current value. Replac-
ing the numerical vaiue with a *?* (query) will make the
Model 288 display and send the current value to the
controller as a string of characters. Do not send an
Execute command after a query command, the string
will not be sent because the Execute command has put
the Model 288 in a “listen for more commands” mode.
See “terminators” for more information.

Parameter Commands

Parameter commands specify a particular numerical
value within a continuous range of values. The values
should use exponential (E) notation.

Format: <header>SPACE<va1ue>TERMINATION

The header specifiesthe parameter and the value speci-
fies the numerical value. Table 3-6 lists the parameter
commands and their allowable value ranges.

Example:
FREQUENCY 2E3; Sets the frequency at 2 kHz
PHASE 87, Sets the phase at 87°
SWEEPTIME 2.3; Setsthe second sweep time at
2.3

Enumerated Commands

Enumerated commands providea listof distinctchoices.
Either the name or numerical value canbe used (AMmay
pe sent by sending either “MA:E" or “M1;E"). _

Format: <header>SPACE<argument>T’ERMINATION
The header specifies the parameter and the argument
specifies the choice. A number or a descriptive charac-

ter string can be used for the argument. Table 3-6 lists
the enumerated commands and their arguments.

Example:
FUNC 2 Of Selacts the square
FUNC SQUARE output function.
Direct Commands

Direct commands make the Model 288 perform anim-
mediate action.

Format: <header>TERMINATION

The header specifies the action. Dirsctcommandshave
no value or argument. Table 3-6 lists all the direct com-
mands.

Exampies:
RESET: Resets 288 parameters
TRIGGER! Triggers waveform or sweep
EXECUTE: Executes preceding commands in

string.
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Query Commands

Query commands tell the Model 288 to send information
to the controller.

The Model 288 will not send the information when it re-
ceives the command, but will wait until the controller
subsequentlyaddressesitasatalker. Query commands
can be sentonly one at atime. If two or more are sentin
aguery string, the Model 288 will respond only to the last
one.

Format: <header> <?>TERMINATION

The header specifies the type of information. Because
aliparameter command headers (and most enumerated
command headers) can also serve as query headers,
the questionmarktellsthe Mode! 288to send(ratherthan
receive) the information. Certain other headers appear
cnly in query commands. See Query Commands in
paragraph 3.3.2.2, 288 Command Syntax for a sample
query program.

Parameter Header Examples:

FREQUENCY?"
PHASE?"

Returns current frequency.
Returns current phase.

Enumerated Header Examples:

FUNCTION?" Returns current output wave
form.
OuUTPUT 2" Returns current output satting.
Query Header Examples:

MAINPARAMETERS?" Returns current output
waveform.

SRQ?" Returns current output set
ting.

STATUSBYTE?" Returns status byte.

3.3.2.2 288 Command Syntax

Commands sentby aninstrumentcontrolier tothe Model
288 must follow the syntax given intable 3-5. The follow-
ing text discusses command operation, command proc-
essing, semicolons, minimum uniqueness, and ? com-
mands.

Command String Operation

The command string at the top of the table (written torun
ona particutarmodei of Instrumentation Controller)works
as follows:

WRITE € 709:"FR 2E4;0U 1;FU SQ;FR;E"
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FR 2E4 Sets the frequency to 20 kHz.

ou 1 Selects unbal 75Q as the output configu-

ration of channel 1.

FU sQ Selects a square waveform.

FR Tells the Model 288 to dispiay the fre-
guency menu.

E Makes the Model 288 convert all these

commands o a signa! output.
How Does the 288 Process Commands?

The 256-character listen buffer receives the commands
from the instrument controller. [f itfills up before receiv-
ing an Execute command, it will stop accepting com-
mands, distribute its contents to the next-setup regis-
ters, then again accept commands. The commands in
the next-setup registerswilinottake effectuntil the Mode!
288 receives an Execute.

The listen buffer accepts all commands regardiess of
syntax errors. When the Mode! 288 processes the
commands in the listen buffer, it copies the defective
commandsoverintothe SRQ buffer and labelsthemwith
PE:O to indicate defective syntax, The parameters and
functions that the defective commands would have
changed retain their previous values. If a command
appears in the SRQ buffer, the Model 288 ignores it.

Terminators

A terminator tells the Model 288 that it has reached the
end of the current command. Aithough the Mode! 288
recognizes both semicolons (;) and spaces as termina-
tors, semicolons greatly simplify debugging. Whenthe
controlier sends the Model 288 more than one command
in a string, the individual commands should have semi-
colons (;) inserted between them as terminators. When
using spaces, the Model 288 will copy (and ignore) all
commands after the first defective command into the
SRQ buffer. With semicolons, the Model 288 will accept
all good commands and put only the defective ones in
the SRQ buffer. Consider these two examples with and

‘without semicolons (the defective command FR2E4

should read PR 2BE4):
With Semicolons:
Write @ 709:"FR2EB4;0U 1;PN SQ;FR;E"
- Message: SRQ = /PE:0 FR2E4*/
Witheut Semicolons:
Write & 7091 "FR2E4 OU 1 FN SQ FR;E"

Message: SRQ = /PE;0 FR2E4* CH 1 OT 1 FN
RM FR E/



Minimum Uniqueness

The Model 288 will interpret the following three com-
mand lines exactly the same. String 1 uses the minimum
character set each command requires, string 2 uses
Iongerabbreviationsthatcontaineachcommand’srnini-
mum character set, while string 3 completely spelis out
each command. The expansion of the function com-
mand (FN 3, FUNC DC, and FUNCTION DC) demon-
strates the use of numbers and descriptive character
strings in the argument of enumerated commands.

Write @ 709:

“FR 2E4;0U 1;FN 3;FR;E” 1)
Write € 709:

“FREQ 2E4;OUTP 1;FUNC SQR;FREQ ;EXEC” (2)
Write @ 709:

»FREQUENCY 2E4 ; OUTPUT 1; FUNCTION SQUARE
s FREQUENCY ; EXECUTE" (3)

Query Commands

Query commands (such as FR?) make the Model 288
return the current setting of the parameter as a string of
characters and require a programto make the controller
use the returned data. The following sample program
requests the data, accepts it, and writes it to the particu-
lar Instrumentation Controller's screen.

Program Statements Explanation

10 CLEAR Clear screen

20 WRITE @ 709:"FR?" Write command 10
Model 288 (port 7, ad
dress 09)

30 DIM STRINGS*25 Dimension string to 25
characters

40 READ 2709:STRINGS Read retumning string

50 PRINT STRINGS Print string to screen

60 END End program

3.3.2.3 288 Command List

Table 3-6 uses the following format to list and briefly
describe the complete Model 288 GPIB command set.
See the detailed command descriptions pan of the cor-

responding menu key description for more information
about each command.

Command Range/String Function
FRequency 2E-3 to 20E6 Sets the generator
frequency.
FRequency? FREQUENCY n Returns generator
frequency n.
Function 0103 Selects a channel
output waveform.

Command Column

1) Lists commands alphabetically by their full names
2) Indicates minimum uniqueness with capitol letters
3) Indents command arguments

Range/String Coiumn

1) Givesthevaluerangeforeach parametercommand.

2) Givestheargumentnumberrange foreach enumer-
ated command.

3) Liststhe arguments (names and numbers) foreach
enumerated command.

4) Gives thestring returned in response to each query
command.

Function Column
1) States briefly the function of each command.

2) Usesan asterisk (*) to indicate further explanation in
the detailed command description section.

Minimum Uniqueness

Capitol letters (AutoCalibrate) indicate the minimum let-
ter combination required by the Modei 288. Use justthe
caps (AC), a longer abbreviation that contains all the
caps (AUTOCAL), or the entire command (AUTO-
CALIBRATE).

Other Sources of this Data

The HELP? command provides less complete forms of
the data given in table 3-6. HELP? sends a list of all the
commands, arguments, and rangesto the GPIB control-
ler.
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Table 3-5. Model 288 Command Syntax

Typical Command Line: WRITE €709:”FR 2E4;0U 1;FN SQ;FR;E”

Syntax

Explanation

WRITE @ 709

[} ’IOr‘ 3

FR
FREQUENCY

FU 2
FU SQ

1CMD;

EN

Varies depending on the controller. This particular format used throughout this manual tells
the controller to send the command string out port 7 (the GPIB port) to the Model 288 (at
address 09 on the GPIB bus).

Enclose the command string in quotes. Either single or double quotes can serve as string
delimiters,

Separate commands with semicolons. See “terminators” in the text for the reasons for this
requirement.

Use exponent notation to avoid entering long strings of zeros. Forexample, enter 20000 as
2E4 and 0.0005 as 5E-4.

Use the minimum uniqueness version (FR), a longer version that contains the

minimum uniqueness letters (FREQ), or the full version (FREQUENCY) of each FREQUENCY
command in programming. Table 3-6 spelis out the commands and indicatesthe minimum
uniqueness with capital letter (FRequency). The text gives examples of full, partial, and
minimum unigueness command strings.

Enumerated commands that select a function (such as FU, select channe! output FU sQ
waveform) allow the function to be selected by either number (3) or by name (sQ), (square
waveform). Table 3-6 lists the enumerated commands and their arguments.

Drop the numerical vaiue of a parameter command to make the Model 288 display that
parameter. For exampie, ;A; will display the amplitude. Use this feature in step-by-step
operation to follow and verify program operation.

Place an Execute command at the end of a command string to make the Model 288 put the
commands into effect. The Model 288 will accept commands and put them in the pending
setup registers, but it will not generate their output untilan £ command is sent. E also puts
the Model 288 in the “listen for more commands”™ mode; therefore, do not putE aftera query
(?) command as it will prevent the Model 288 from retuming the answer.

Replace the numerical value of a parameter command witha "?* to make the Model 288
return the current setting of that parameter as a string of characters. Table 3-6 lists the query
commands and shows the format of the returning strings. Query commands also make the
Mode! Model 288 display the menu of the requested parameter. The text gives a short
program that makes the controller accept and display the returning information. Do notuse
E after a ? command.
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Table 3-6. Model 288 Command Set

Range/Value
Command Abbreviation Min Max Description

Amplitude A 1E-3 15 Set Amplitude
Amplitude? A? Request current Amplitude setting
AutoCalibrate AC Start Auto-Calibrate
Execute E Execute previous commands
FRequency FR 2E-3 20E6 Set Frequency
FRegquency? FR? Request current Frequency setting
FUnction FU 0 3 Set Function

DC D 3 Set dc Function

SIne st 0 Set Sine Function

SQuare sQ 2 Set Square Function

Triangle T 1 Set Triangle Function
FUnction? FU? Request current Function setting
Help? H? Request this Command list
Modulation mode M 0] 5 Set Modulation mode

Am A 1 Setto AM modulation mode

Ccw c 0 Set to CW modulation mode

Fm ¥ 2 Set to FM/VCF Modulation mode

sweep S 5 Set to Sweep Modulation mode

SweepStArt SSA 3 Set to Sweep start

Sweep5tOp §S0 4 Set to Sweep stop
Modulation mode? M? Reguest current Modulation type
MaiNParameters? MNP? Request current main parameters
OFfset oF -5 5 Set Offset voltage
OFfset? OF? Reguest current Offset value
oUtputtype ou 0 4 Set Output type

Balanced 135 Bl 4 Set Output to 135Q Balanced

Balanced 600 B6 3 Set Output to 600Q Balanced

Unbalanced 50 uUs 0 Set Output to 50R Unbalanced

Unbalanced 75 U7 1 Set Output to 75Q Unbalanced

Unbalanced 600 ué 2 Set Output to 600Q Unbalanced
outputtype? ou? Request current Output type
PhaselLock PL 0 1 Set Phase lock source

External E 1 Set Phase lock source to external

Internal I 0 Set Phase lock source to internal
phaselock? PL? Request current Phase lock source
Phase P -180 180 Set phase against external source
Phase? P? Request current phase value
PANellock PAN 0 1 Set Panel lock

ON ON 1 Set Panel to locked

OFf OFF 0 Set Panel to uniocked
PARameterreset PAR Reset previously transmitted parameter
Rangelock RA 0 1 Set Range lock

ON ON 1 Locks generator in the current range

OFf OFF 0 Sets Range to normai
Reset R B Reset parameters except GPIB address
SYmmetry sY -5 95 Set Symmetry value
Symmetry? sY? Request current Symmetry value
SWeepStArtfreq SWSA 2E-3 20E6 Set Sweep start frequency
SWweepStArtfreq? SWSA? Request current Sweep stan frequency
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Table 3-6. Model 288 Command Set (Continued)

Range/Value

Command Abbreviation Min Max Description
SWeepStOpfreq SWSO 2E-3 20E6 Set Sweep stop frequency
SWeepStOpfreg? SWS0? Request current Sweep stop frequency
SWeepTime SWT 100E-3 100 Set Sweep time
SWeepTime? SWT? Request current Sweep time value
SRQMask SRQM 0 255 Set Service Request Mask value
SRQMask? SRQM? Request current SRQ Mask value
SRQ? SRQ? Regquest current SRQ value
STatusByte? STB? Request current Status Byte value
SErialnumbers? SE? Request instrument serial numbers
STARTCALibration  STARTCAL Initiate instrument Auto-Cal
Talkmode T 0 10 Setinstrument to send a value
Version? v? Request software version number

3.3.3 Universal and Addressed Commands

Universal and addressed (U/A) commands make most
GPiB instruments perform generally accepted standard
functions. Usually, universal commands control all the
instruments on the GPIB bus, while addressed com-
mands control individual instruments at specific ad-
dresses on the bus. The Model 288 accepts the follow-
ing U/A commands:

Command Type Function
DCL Universal Device Clear
GET Addressed Group execute trigger
GTL Addressed Gotolocal
10 Universal Local iock out
command
sDC Addressed Selected device clear

Paragraph 3.3.4 (detailed command descriptions) dis-
cusses thess U/A commands and selected Model 288
commands in detail.

U/A Syntax

This manual uses generic names toidentify the universal
and addressed commands and the functions they per-
form. Individual controilers will use differently named
commands to perform these same functions. See the
manual for the controller being used to determine the
actual command names and the syntax they require.

3.3.4 Detalled Command Descriptions

The following paragraphs describe in detail the unique
Model 288 GPIB commands that perform functions not
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controlied by the front panel and also the GPIB universal
and addressed commands recognized by the Model
288. Use the following list to identify these specialized
commands.

Command Type Description
DCL Universal Device Clear
GET Address Group Execute Trigger
GTL Address Go To Local
HELP? 288 HELP?
LLO Universal Local Lock Out
MNP 288 MaiN Paramsters
sD¢ Address Selectad Device Clear
SRQ? 288 Service ReQuest?
SROM 288 Service ReQuest Mask
SRQM? 288 Service ReQuestMask?
STB? 288 STatus Byte?
v? 288 Version?

GPIB Control

The Model 288 imits the operator's use of the front panel
with two levels of increasing restrictions as shown in
table 3-7.

The Model 288 switches to GPIB control when the instru-
ment controlier asserts the GPIB REN (remote enable)
line and sends to the Model 288 its listen address. The
particular instrument controlier command string WRITE
§709:7"— command string -~ will automatically

perform these two actions. The GPIB control restricts

furtner front panel operation as described in table 3-7.
The Model 288 will remain under the GPIB control until
the operator presses the Local key.



Table 3-7. Front Panel Restrictions

IF Front Panel Operation is Limited With = Nothing GPIB LLo
THEN the Operator Can: Control Command
See the Screen Display? Yes Yes Yes
Dispiay Parameters? Yes Yes Yes
Take Control Back From the GP18? Yes Yes No
Change Parameters? Yes No No
LLO Command

All instruments on the bus recognize the universal com-
mand LLO: it cannot be directed to just one instrument.
LLO restricts operation of the Model 288 front panel as
described in table 3-7 For a particular Instrumentation
Controller, LLO hastheformatLLo €7,where7 specifies
the GPIB bus port of the controller.

GTL Command

GTL cancelsthe LLO command and returns the Model
288 front pane! to full operator control. Allinstrumentson
the bus recognize the addressed command GTL; how-
ever, it must be sentto each instrument individuaily. The
. particular Instrumentation Controlier uses the LCL

command to issue GTL commands. LCL &7 sends GTL
commands to all the instruments on the bus, while LCL
§709 sends the GTL to just the specified instrument. In
these command formats, 7 specifies the GPIB bus port
of the controller and 09 specifies the address of a par-
ticular instrument onthe bus. LCL becomes effectiveon
receipt; theModel 288 doesnot requirethatitbefollowed
with another command.

GET Command

The GET commandtriggers whatevertrigger functionthat
is set up within the Model 288. Al instrumentsonthe bus
recognize the GPIB addressed command GET (group
execute trigger); however, it can be sent to just one
instrument at a time. For the particular instrumentation
Controller, the TRG command sends the group execute
trigger to individual instruments on the GPIB bus. TRG
nas the format TRG 8709, where 7 specifies the GPIB
bus port of the controlier and 09 the address of a par-
ticularinstrumenton the bus. The Mode! 288triggersthe
selected function immediately on receipt of the TR

command. .

HELP? Command

The BELP? command makes the Model 288 return a list
of the Mode! 288's primary and secondary commands

andtheirlimits asastring tothe controller. EELP? requires
thata program be written tomake the instrument control-
leracceptand printthereturnedlist. Thefollowingsample
program reguests the list, accepts it, and sends itto a
printer connectedtothe GPIBbus. Tomakethis program
work, setthe address switches of the printerto 04. Table
3-6providesthe sameinformationasthe listthisprogram
prints.

Sampie HELP Print Program

100 DIM A$*255 Dimension String to 255
characters.

110 WRITE €709 :~HELP?"Write HELPtoport 7,
address 09.

120 READ €709:A$ Read the String

130 IF A$="0" THEN 170 Ifstringis 0" jumpto
170

132 PRINTER IS 8704 Printer is at port 7, ad-
dress 04.

140 PRINT AS Print the list

150 GO TO 120

170 END End Program

MaiNParameters? Command

The MNP? command makes the Model 288 return the
current setting of the Model 288's main parametersas a
stringtothecontroller. The controlier cansavethis string,
then send it back to the Model 288 at a later time to
restore the parameters to their previous values.

DCL and SDC Commands

The DCL and SDC commandsresetthe Model 288tothe
" power-up conditions, but leave it in the remote (GPIB
controlied) mode. Allinstruments on the bus recognize
the GPIB universal command DCL (device clear). Indi-
vidual instruments recognize the GPIB addressed
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command sDC (selected device clear). Forthe particu-
lar instrumentation Controller, the DCL commandissues
DCL and SDC. Toreset everything on the bus, use DCL
€7, where 7 specifies the GPIB bus port of the controller.
To reset just one instrument, use bCL @709, where 09
specifiesthe instrument address. The Model 288resets
itself immediately when it receives either command.

Reset Command

The Reset command resets the Mode! 288 to default
conditions.

Verslon? Command

The Version? command makes the Model 288 return
the software version of the Model 288 EPROM as astring
of characters. Varsion? requires a program to make
the instrument controller use the returned string. The
foilowing sample program requests the version, ac-
cepts it, and writss it to the controller's screen.

Sample Version? Print Program

10 CLEAR Clear screen
20 WRITE 8709:7V?” Write VERSION? to
: port 7, address 09.
30 DIM VERSIONS$*50 Dimension string to
50 characters.

40 READ €709:VERSIONS
50 PRINT VERSIONS
60 END

Read returning string
Print string to screen
End program

Running the above program will produce the following
display:

WVTK 288 (VX.XX)
In this display, x.xx gives the version number.

3.3.5 Service Requests

The following paragraphs discuss the concepts of sarv-
ice requests, describes the commands associated with
them, and then lists the service request messages that
the Mods| 288 generates. The Model 288 can set the
SRQ linewhenever a programming error occurs, a hard-
ware error occurs, an event is completed, Phase lock
changes state, or a Calibration message is displayed.

SRQ CONCEPTS
What Does the Service Request Tell the Controller?

TheMode! 288 servicerequesttsils the controller thatthe
Model 288 wants attention. The Model 288 makes the
request by asserting the SRQ line of the GPIB bus. Be-
cause any instrument on the bus can assert this line, the
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controllermustread the status byte of eachinstrumentin
turn to determine which one requested attention.

What Does the Status Byte Tell the Controller?

The Model 288 uses six of the eight bits in its status byte.
One tells the controller if the Model 288 requested serv-
ice. The others indicate the type or types of messages
(programming error, hardware error, event, Phase Lock
state, or Calibration) that the Model 288 wants to send.
Figure 3-11 shows the format of the Model 288 status
byte. !f the controller wants to know the specific mes-
sage within the category, it must read the Model 288's
SRQ buffer.

What Does the SRQ Buffer Tell the Controller?

The Model 288 SRQ buffer stores the programming er-
ror, hardware error, event compiete, Phase Lock state,
and Calibration messages until the controller can read
them. Tables 3-8 thru 3-12list all of the SRQ messages.

SRQ COMMANDS

The following paragraphs discuss the commands re-
lated to the service requestmask, the status byte andthe
sarvice request messages.

SRQMask Command

The SRQM command makes the Mods! 288 selectively
ignore one or more of the three types of conditions that
make it produce service requasts. For example, if pro-
gramming errors were masked out, the Model 288 would
nctload messages for specific programming errors into
the SRQ bufters and it would not set the PE and service
request bits in the status byte. Figure 3-9 shows the
positions and the corresponding decimal mask values
required to block out PE, HE, and EV messages. The
SRQ mask is reset to SRQmask #1 (programming error
only) on power on. ltis not changed by “RESET”

SRQMask? Command

The srRQM? command makes the Model 288 return the
current mask setting to the controller. The Modei 288
sends the SRQ mask setting as the character string
SRQMASK#, where # gives the decimal equivalent of the
binarymaskbits. Touse SROMASK?, write aprogramthat
first asks the Model 288 to send the mask, then tells the
controllerhowtoreceive and process the returning string.

STatusByte? Command
The sTB? command makes the Model 288 send its

_current status byte to the controller over the GPIB bus.
‘The Model 288 sends its status byts as a string of char-

acters with the format STB=##, where ## gives the
decimal equivalent of the status byte. STatusByte?
reads, but does not reset, the status byte of the Mode!



288. To use STatusByte?, write a program that first
asks the Model 288 to send the status byte, then tellsthe
controlierhowtoreceive and processthe returning string.

SRQ? Command

The srQ? command makes the Model 288 send the
conten:s >fthe SRQ buffertothe controller overthe GPIB
bus. The Model 288 sends its SRQ buffer contents as a
string of characters with the format SRQ = MESSAGES,
where MESSAGES represents a string of messages.
Reading the SRQ buffer empties it. Touse SRQ?, writea
program that first asks the Model 288 to send the SRQ
pbutfer messages, then tells the controller how to receive
and process them.

SRQ MESSAGES
SRQ Message Format

The Model 288 puts messages in the SRQ buffer in this
general format:

SRQ=/PE:n Description//EE:n
Degcription//EV:n Description/

Slashes (/) enclose each message. PE identifies a pro- -

gramming error message, HE a hardware error mes-
sage, and EVaneventcomplete message. “n"identifies
a specific message within the type. This fixed format
header allows a computer to easily parse (decode) the
message. “Description” describes the error in English
for the benefit of human readers. Table 3-8. lists ail the
SRQ programming efror messages, table 3-8 lists alithe

SRQ hardware error messages, table 3-10 lists all the
SRQ event error messages, table 3-11 lists ali the SRQ
phase lock state change errormessages, andtable3-12
lists all the SRQ Calibration error messages.

3.3.6 Displaylng Messagos

TheModel 288 can acceptmessages fromthe GPIBbus
and displdy them on the front panel display. Use this
feature to give instructions to an operator or to dispiay
information.

Command Format
Send messages in this format:
WRITE €709:~ *‘TEXT' “

The standard double quotes (*) identify the command
string. The single quotes (') identify the contents as a
message rather than commands. Messages do not re-
quire an Execute command.

Although the Model 288 accepts either single or double
quotes as string deiimiters, the controller interprets the
double quotes as its own program string delimiters. This
restricts use to the single quotes for Model 288 display
strings when using the particular controller used
throughoutthis manual. Other controliers mightreverse
this situation.

Message Size

The screen will allow a maximum message size of four
iine of 16 characters. The Model 288 will ignore any
characters beyond these limits.

Indicates that 288 Requested Service Because;

Calibration Message

Phase Lock stats change

4

Event
Hardware Error

r—Programm!ng Error

RSY CM

HE

PE| SRQSTATUS BYTE

Q:: Q‘

IRSV CM

HE

PE SRQ MASK BYTE

n

0 BIT POSITION

128 32

1 BIT WEIGHT

Figure 3-11 Model 288 Status Byte and SRQ Mask
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Erasing

Press any menu key or send another GPIB command
string to return to normal Model 288 dispiays. To erase
the previous message, send a new message.

3.3.7 GPIB Keys
Address Key

The address key enables entry of an alternate GPIB
address using the front panel controls. The GPIB bus
address identifies the Mode! 288 to the instrument con-
troller. Pressthe address key todisplaythe current GPIB
address on the display. Key in a new address using the
numeric keypad or the controt knob and then press Exe-
cute.

Local Key

The Local key switches control of the Model 288 fromthe
GPIB bus to the front panel. Receipt of any GPIB com-
mand (if the controller simultaneously asserts the REN
line of the GPIB) by the Model 288 disables the front
panel to the extent that parameter settings can be read
butmodes ornumbers cannotbechanged. Pressingthe
Local key returns full control to the front panel except
when the universal command LLO has been issued by
the controller, LLO disables the Local key so that full
control cannot be obtained at the front panel.

Table 3-8. SRQ Programming Error Messages

Command

Description

/PE:0 < defactive command

The Mode! 288 did not recognize the command it received.

string > /

< defective command string >iswhatevergarbagethe Model 288
received over the bus.

/PE:1 < parameter header > /

Thisisalimit error. Anattemptwas made to seta parameter to anillegal
value.

< parameter header > isthe maximumheader string e.g. “FREQUENCY”
or “SWEEPSTOPFREQ".

/PE:2:< param# >:< param# >
< param name >-< param

name> CONFLICT/

This is a setting conflict error. This service request will occur
after an execute command if there are conflicting settings. It will

only flag the first confiict that it finds.
< param# >and < param name > are redundant and are as follows:

< paramn{ > < paraam name >

1 FREQUENCY
2 .. AMPLITUDE
3 - OFFSET

4 SYMMETRY

5 PHASE

6 FUNCTION

7 MODULATION
8 EXTLOCK

9 " OUTPUT

10 SWP. START
11 SWF STOP
12 SWP TIME
13 AMPLITUDE-OFFSET
14 RANGE LOCK
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Table 3-9. SRQ Hardware Error Messages

Command

Description

/HE:0 < cal index >
< cal name >AUTOCAL ERROR/

This is a tailure to complete and autocal step.

< cal index > isanumber associated withthe calibration parameter that
failed adjustment.

< cal name > isisan archaic name associated with the calibration pa-
rameter that failed adjustment.

/HE:1 WAIT < time > MIN/

This means an autocal was attempted before the required 20 minute warm-
up.

< time > is the time (in minutes) remaining before an autocal can be per-
formed.

Tabie 3-10. SRQ Event Compiete Error Messages

- Command

Description

/EV:0 AUTOCALIBRATION
COMPLETE/

This means that autocalibration was completed.

/EV:1 EXECUTE COMPLETE/

This means that execute was complete. After an execute command, the
Model 288 will send either this service requestora PE:2 (assuming both PE
and EV SRQ's are enabled by the SRQ mask).

Table 3-11. SRQ Phase Lock State Change Error Messages

i Command Description
/PL:0 PLL UNLOCKED/ This means that the phase lock loop has changed from anunlocked state to
a locked state.
/PL:0 PLL LOCKED/ This means that the phasae lock loop has changed from a locked state toan

unlocked state.
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Table 3-12. SRQ Calibration Error Messages

Command

Description

/CMs:l:<cal index>

<cal name>/

This is an information message usually requesting a manual operation.

< cal index > is anumber associated with the calibration parameter or
step that needs attention.

< cal name > isanarchic name associated with the calibration parameter
or step that needs attention.

/CM:2:< cal index >:

< number >< cal nanme > /

This is an information message having an unchangable number
associated with it.

/CM:3:< cal index >:

< number>< cal name > /

This is a request for a numeric calibration parameter.
< number > is the previous value of this parameter.

/CM:4 CALIBRATION BUTTON
NOT PUSHED/

This is sent if an attempt is made to enter the calibration
procedure without the internal calibration enable key pushed.

/CM:5 THANKS I NEEDED
THAT!/

This is sent after the compietion of the full calibration procedure if the
calibration was required because of lost RAM data.

3-32



4.1 THE MODEL 288

The Model 288, a 20 MHz synthesized function genera-
tor, operates with synthesizer accuracy (<0.02%) over
the 20 Hz to 20 MHz range, CW or AM only. Between
omHz to 20 Hz and in FM or sweep, the unitoperates as
a standard function generator with <3% accuracy. A
separate generator sweeps the generator’s frequency
up to three decades between a start frequency and a
stop frequency (up or down). The Mode! 288 to an
external source and allows the Model 288's output
phase (relative to the external source) to be varied
+180°.

The Model 288 consists of six separate assemblies as
shown in figure the Instrument Schematic {0004-00-
0510): motherboard, front panel, function generator,
phase lock loop, outputs-and rear panel. The mother-
board links all the assemblies within the Model 288. Plus
it receives, input data from the front panel, processes
that data into commands and control lines, and distrib-
utes the commands and control lines to the other as-
semblies. The motherboard also route data from the
assemplies back to the front panel. The front panel

SECTION
CIRCUIT DESCRIPTION

contains the operator interface: keypad for parameter
selection and value entry; control knob for value entry;
the display for output signal information, operator
messages, and error codes; and LEDs for front panel
annunciation. The function generator produces the
generator's two pasic waveforms: square and sine. in
addition, the function generator controls the units fre-
quency and symmetry control. The phase lock assem-
bly locks the function generator to an internal reference
for frequency synthesis or locks the function generaior
to an external source for variable phase operation. Also,
the phase lock assembly contains the convertor for
triangle to sine conversion and the X-Y muitiplier for
amplitude moduiation. The output assembly selects,
amplifies, and attenuates the waveform. The rear panel
assembly contains the units power input connector,
power transformer, and fuse.

Signal Flow

Signal flow through the Model 288's assemblies de-
pends upon the function and mode selected. The signal
originates on the function generator assembly (see
figure 4-1) which produces the basic waveforms: tri-

FREQ.
CONTROU
SWEEP
CONTROL.
VCF
N8 i

PHASE LOCK
réa@————) " iooF

INT. REF.

XY |e
MOD g MULTI-
IN C PUER

[ oumur OUTPUT
J-P AMPLIFIER 0)
OFFSET
CONTROL
FUNCTION QUTPUT
LEVEL
SELECTION CONTROL

Figure 4-1. Model 388 Signal Flow
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angle and square. The motherboard routes both wave-
forms to the function selector on the cutput assembly.
The triangle also runs to the sine convertor located on
the phase lock assembly. The motherboard routes the
sine wave to the function selector. The output signal
from the function selector flows through the output
circuits to the output connectors. The sine wave also a
drives the X-Y multiplier whose output is routed to the
function selector just like the triangle, square and sine
waves.

In the synthesized mode, the phase lock loop, refer-
enced to an internal frequency standard, controls the
stabilizes the frequency of the function generator. The
same phase lock loop, using an external reference
frequency, locks the Model 288 to an external source.

Control

All control inputs originate from either the front panel
keypad or a GPIB controller. The microprocessor circuit
on the motherboard processes this input data and
produces the control fines for the Model 288's circuits.
Each plug-in board (function generator, phase lock
loop, and output) contains input registers that decode
the control data.

4.2 DETAILED CIRCUIT DESCRIPTION

4.2.1 Motherboard Assembly

The mother board (see schematic 0103-00-3000) pro-
vides overall control, interconnection and signal rout-
ing, dc voltages, internal reference frequency signals,
and remote operation in the Model 288. The mother
board sends and receives all data and control signals to
and from the assemblies. All input and output connec-
tors located on the rear panel, except the input power
connector, connect through the mother board. Connec-
tors for the plug-in assembilies are staggered to prevent
accidental insertion into incorrect positions.

The mother board contains:

Microprocessor Circuit

GPIB Interface Circuit

Frequency Synthesizer Circuit.

Internal Calibration Network Circuit
DAC/Sample and Hold Network Circuit
Secondary Input/Output Network Circuit
Reiay Driver Network Circuit.

Balanced Output Attenuator Network and Imped-
ance Control Circuit

Unbalanced Output Attenuator Network and
Impedance Control Circuit

Power Supplies Circuit

4.2.1.1 Microprocessor Circuit

The microprocessor circuit (schematic 0103-00-30C0
sheet 3) receives input daia from the front panel key-
board and control knob, or GPIB interface, processes
the data, and provides data and control lines for internal
operation. The microprocessor circuitconsistof amicro-
processor, a processor support controlier, and memory
(RAM and ROM). There are no test points or adjust-
ments in this circuit.

The microprocessor (Motorola MCE803) controls the
microprocessor circuit and provides 16-bit data mem-
ory iocation addresses. The microprocessor performs
computations as defined by the operating system in-
structions in memory (ROM) and provides the 8-bit
output for the memory (RAM) and GPIB interface Circuit.

The processor supportcontroller U7 converts the micro-
processor data and the instrument feedback data into
control signals, quiet address (QA) buses, and quiet
data (QD) buses.

The Memory is both RAM and ROM. RAM (8K), a
nonvolatile memory, stores the calibration values gener-
ated at each calibration, and any other values required
for current operation. A RAM backup battery (BT1)
prevents the loss of data when power is turned off. ROM
(186K), programmed at the factory, contains the operat-
ing systeminstructions. Maintenance Calibration switch
(SW1) used in conjunction with the front panel keyboard
allows performance of several maintenance functions.
A flashing Life Light verifies microprocessor sequenc-

ing.

4.2.1.2 GPIB Interface Circuit

The GPIB interface circuit (schematic 0103-00-3000
sheet 10) allows remote operation of the Model 288
using an external |EEE-488 compatible controller. All
functions except power and GPIB address are pro-
grammable using the interface. The GPIB circuit consist
of a GPIB controller and two transceivers. This circuit
contain no test points or adjustments.

The GPIB controller (Motorola MC68488) functions as a
traffic controller, permitting data to flow in either direc-
tion when the correct control information is received.
The ‘handshaking’ routine will ensure neither the signal
generator nor the remote controller will send data faster
tharr the other can use. The controller has intemal
registers where control, data, and address words are
loaded and stored until needed or requested. The
controller bus connects to the microprocessor circuit
address bus AO-A2. The identification address of an
instrument is determined by five bits in the controller
address register. The default address (08) automati-



cally loads intothe controlier from RAM at turn-on. Anew
address must be entered using the front panel keypad.

The ‘ransceivers permit bidirectional flow. They have
sufficient input sensitivity to minimize false signals and
sufficient drive current to minimize signal loss.

4.2.1.3 Frequency Synthesizer Circuit

The frequency synthesizer (schematic 0103-00-30C0
sheet 4) supplies the internal reference frequency for
the signal generator. The frequency generated corre-
sponds to the front panel frequency setting. However, it
does not operate below 20 Hz. This circuit has two test
points iocated under the shield. TPS is the loop control
voltage. TP17 is the synthesizer output (SYNTH). There
are no adjustments in this circuit.

The frequency synthesizer circuit consists of a phase
lock loop, voltage controlled oscillator, divide by two
circuit, and a counter/divider. The output froma 10 MHz
crystal controlled referenceis multiplied and divided by
three numbers computed by the microprocessor circuit.
The three numbers are a serial data stream of 64 bits: 14
bits divide the reference, 14 bits divide the variable, and
36 bits divide the VCO to the desired frequency. All are
under software.control and respond to the front panel
frequency settings.

4.2.1.4 Internal Calibration Network Clrcuit

During the measurement portion of the auto calibration
cycle, the internal calibration network (schematic 0103-
00-3000 sheet 2) measures five analog voltages. FGTST
and FGTST100 voltages monitor the function generator
condition. THD, +PK, and -PK voltages monitor the
output assembly status. VLOOP monitors the phase
lock loop assembly status. The microprocessor circuit
monitors the digital equivalent of these voitage, and if
any are incorrect, they are corrected by applying an
analog calibration voltage from the DAC/sample and
hold network circuit.

A sixth voltage, the RAM backup battery (DVMBAT), is
tested during the power on sequence. if the voltage
tests low, the Microprocessor circuit causes the display
to show “LOW BATT". If the battery tests dead, the
Microprocessor circuit causesthe display toshow “CAL
REQUIRED". There are no test points or adjustments in
this circuit (TP1 is not used).

4.2.1.5 DAC/Sample and Hold Network
Circuit

The DAC/sample and hold network circuit (schematic
0103-00-3000 sheet 5) supplies the controf voltages for
the signal generator. The DAC/Sample and Hold Net-

work Circuit consists of a digital to analog converter and
a demultiplexer. TP7 connects to the sample and hold
digitai/analog output. There are no adjustments in this
circuit.

The digital to analog circuit (DAC) converts the binary
data from the microprocessor circuit into one of eight
control levels in the form of a stepped waveform.

The Demuitiplexer converts the stepped waveform
containing the eight control levels from the DAC into
eight separate analog control voltages. Four control
voltages, VOFSET, VPHASE, VSLEN, and VFREQ re-
spond to the front panel settings. The other four control
voltages VSINCAL, VAMCAL, VCGZERO. and VTRIBAL
respond to calibration data from the microprocessor
circuit.

During the measurement portion of the auto calibration
cycle, SHCLK clocks the seriai data (SHDATA) into the
(DAC). From this data, the eight analog calibration
voltages (-5V and +5V) are produced which slightly
changes the normal outputs of the eight circuits during
the calibration portion of the auto calibration cycle which
changes the circuit output to correct the signal output to
the internal frequency and voltage standards. The DAC
sample and hold network circuit and the internal calibra-
tion network circuit work together to alternately measure
and adjusta circuit. The serial datais storedin RAM unti!
the next auto calibration cycle. If the analog calibration
voitage cannotchange the measuredvoltage enough to
bring it into limits, the microprocessor circuit will gener-
ate an error message to be displayed. This error refers
to the affected circuit.

4.2.1.6 Secondary Input/Output Network
Circuit

The secondary input/output network (schematic 0103-
00-3000 sheet 6) conditions and routes the Ext Freq In
signal to phase lock loop's reference frequency input.
This circuit squares the input signal and compensates
the signal for any nonsymmetry . It also routes the Sync
Out square wave from the function generator assembly
through this circuit's 50Q driver to the front panel con-
nector. This circuit also routes the Mod/VCF in signal
directly to the phase lock loop assembly and function
generator assembly. While The Sweep Out is routed to
the front panel from the function generator assembly.

To test the external frequency input circuit, an external
signal must be connected to the Ext Freq In connector.
All test points and components are located under the
shield. TP is the limited external frequency input. TP10
is the buffered external frequency. There are no adjust-
ments in this circuit.



4.2.1.7 Relay Driver Network Circuit.

The relay driver network circuit (schematic 0103-00-
3000 sheet 7) controls the reiays used in the batanced
and unbalanced output attenuator network and imped-
ance control circuits. Microprocessor data lines drive
this circuit. There are no test points or adjustments in this
circuit.

4.2.1.8 Balanced Output Attenuator Net-
work and Impedance Control Circuit

This circuit (schematic 0103-00-3000 sheet 7) routes
output signals to BAL output connectors. The relays in
this circuit are driven by the relay driver network circuit.
Output signals (BOUT1 and BOUT2) from the output
assembly are selected and routed through a —40 dB
attenuator as required by the amplitude setting at the
front panel. The desired impedance of 135Q or 6002 is
selected, and the signal is routed to the front panel BAL
connectors. There are no test points or adjustments in
this circuit.

4.2.1.9 Unbalanced Output Attenuator
Network and Impedance Control Circuit

This circuit (schematic 0103-00-3000 sheet 7) routes
output signals to UNBAL output connector The relays in
this circuit are driven by the relay driver network circuit.
Output signal (UBOUT) from the output assembily are
selected and routed through a —40 dB attenuator as
required by the amplitude setting at the front panel. The
desired impedance of 50Q, 75 or 600 is selected,
and the signal is routed to the front pane!l UNBAL
connector. There are no test points or adjustments in
this circuit.

4.2.1.10 Power Supplies Circuit

These circuits provides the ac and dc operating voit-
ages for all circuits in the signal generator. The power
supplies circuit consist of a +5V power supply, £12V
power supply, 22V power supply, and VFD ac filament

supply.

+5V Power Supply. This circuit (schematic 0103-00-
3000 sheet 8)supplies the +5 Vdc for the TTL logic and
relay circuits in the signal generator. Remove the jumper
JMPS to isolate the +5V supply from the circuits .

+12V Power Supplles. Thiscircuit(schematic 0103-00-
3000 sheet 8) supplies the positive and negative 12Vdc
for the signal generator. These power supplies are
highly regulated by a precision voitage reference source,
VREF, which is also used by the internal calibration
network. Remove the jumper JMP4 to isolate the +12V
supply, and remove the jumper JMPS toisolate the-12V
supply.
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+22V Power Supplies. This circuit (schematic
0103-00-3000 sheet 9) supplies the positive and nega-
tive 22V used in the signal generator. The +12V supply
provides a reference voltage for the positive 22V
supply. This power supply cannot be isolated.

VFD AC Filament Supply. An unregulated ac voltage
(schematic 0103-00-3000 sheet 9) approximately 8
Vrms supplies current to the display characters in the
Vacuum Fluorescent Display .

These power supplies have five test points:

JMP4 is the +12 Vdc output.

JMPS is the -~12 Vdc Output.

JMPS is the +5 Vdc output.

TP14 is the +22 Vdc output.

TP15 is the =22 Vdc output.

There are no adjustments in these circuits.

4.2.2 Front Panel

The front panel provides operator interface to the signal
generator. It allows the operator 10 input commands,
and provides the operator with a display showing output
signal parameters and equipment status. This assem-
bly contains the following circuits:

Control Knob Circuit.
Display

Keyboard Circuit

Light Emitting Diode Circuit.

4.2.2.1 Control Knob

The control knob (SW1 - schematic 0103-00-3001 sheet
1) rotates continuously in both directions. Knob values
depend on the function, mode, andrange selected. Two
output lines, RKA and RKB, are pulsed at TTL logic
levels as the knob is rotated. The microprocessor circuit
on the motherboard counts the pulses to determine the
amount of change. The microprocessor circuit detects
the knob's direction by comparing the TTL logic leve! of
the signals and detecting the first one to change toa
new level. For clockwise rotation, RKA will change first,
and for counterclockwise rotation, RKB will change first.
The microprocessor circuit determines when the rota-
tion has reached the end of the range selected, in either
direction. If there is a further range in the direction the
knob is turning. the range will automatically change. If
the range is at the limit, the limit value will be displayed.

4.2.2.2 Display

The front pane! display (schematic 0103-00-3001 sheet
1) receives its data via the quiet data bus QD5-7. The
dispiay controller/criver (U1) receives a serial word of



eight bits on the DISPDATA line. DSPCLK clocks each
bit, most significant bit (MSB) first. The seriai word may
be either a display character or a control word, the MSB
determines which. The 64 possible combinations of the
remaining seven bits display standard ASCIl upper
case characters or control various functions and ad-
dresses. This display information drives the florescent
display. The display controller/driver will retain only the
most recent data received.

The display circuit is supplied by its own +15 Vdc
regulator (VR1) which uses the +22V for its input. The
florescent display filament receives its power from the
gVac supply. Both voltages originate from the power
supply on the motherboard.

4.2.2.3 Keyboard Circuit

The keyboard circuit (schematic 01 03-00-3001 sheet 2)
consists of 48 push buttons in a eight-column, SIX—TOW
matrix. The control signal FPREG latches the quiet data
bus QDO-2 lines into the decoder. The decoder selects
one of the six rows and applies +5 Vdc. if any key is
pressed on that row, the +5V will appear on one of the
keyboard bus lines P10-P17. The MiCroprocessor Cir-
cuiton the motherboard determines which key hasbeen
pushed by analyzing the position of the decoder when
detecting +5V on a column (keyboard bus lines P10-
P17).

4.2.2.4 LED Circuit

The LED circuit (schematic 0103-00-3001 sheets 2and
3) consists of 18 LED's that indicate the mode and
function selected. The control signal FPS permits quiet
address bus QAO and QA1 to select one of the four least
significant outputs of the decoder. Control signals
CLOCKO and CLOCK 1 of the decoder sequentiaily
strobes an 8-bit number from quiet data bus (QDO-7)
into both latches. Each bit (QDO-7) entered into the
latches will turn on the LED indicator related to that bit.
Control signal FPREG illuminates the UNLK LED and
ONJOFF LED in the same way. Once the LED is set, it
remains on until a change occurs. Pressing a key
associated with a LED will latch new data. The previous
LED will turn off and the new one will turn on.

The Power On/Off switch connects the line voltage tothe
transformer located in the rear panel. The CT (center

tap) connector provides a neutral connection for the-

balanced output connectors.

4.2.3 Function Generator

The function generator produces the Model 288'ssquare
and triangle waveforms. The triangle drives the sine

converter on the the phase lock loop assembly. The unit
routes the triangle and square waves to the output
assembly for selection and amplification. The function
generator's input registers decodes digital control sig-
nals from the microprocessor circuit for use in seiecting
and maintaining frequency, symmetry, sweep, and
modulation. The VCF In (frequency modulation) allows
an external signal to control the frequency of the func-
tion generator. The functicn generator also provides the
&ync Out and Sweep Out signals. The function genera-
tor includes the following circuits:

Voltage Controlled Generator (VCG) Summing
Amplifier

Sweep Generator

Symmetry Control

VCG Current Sources

High Frequency Compensation
Comparator

Frequency Range Switches
Capacitance Multipiier
Triangle Buffer

Auto Calibration

4.2.3.1 VCG Summing Amplifier

The voltage controlled generator,VCG, (schematic 0103-
00-3004 sheet 2) produces avoltage thatis the negative
sum of its input control voltages. The input control
voltages can consist of up to five analog signals:

Fixed frequency set point (VFREQ) originating from
the motherboard's DAC/sample and hold network.

Calibration voltage (VCGZERO) generated by the
DAC/ samplie and hold network on the maother-
board.

Feedback control (VLOOP) supplied by the phase
lock loop filter on the phase lock lcop assembly.

Sweep voltage (SWEEP) generated by the sweep
generator (if selected).

Modulating signal (MOD IN) originating at the VCF
in connector and routed from the secondary input/
output network on the motherboard (if selected).

These control voltages summed by the amplifier pro-
vide an accurate dc voltage (VSUM), test point TP2, for
symmetry control and auto calibration circuit. There are
no adjustments in this circuit.

'4.2.3.2 Sweep Generator

The sweep generator (schematic 0103-00-3C04 sheet
2) produces the sweep voltage (0to0-8V) for the function
generator. in addition, the sweep generator supplies

-
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the sweep output ramp to the Sweep Out connector. The

operator, via the front panel, sets the sweep start and

stop frequency, as well as, the sweep time. The micro-

" processor circuit interpret and routes the data to the
sweep generator The microprocessor circuit determines
the correct data (byte) to set the sweep generator DAC
to produce a voltage that sets the function generator to
the start frequency. Then the microprocessor steps
DAC, in turn the function generator, to the stop fre-
quency at a rate dependent on the sweep time. At the
stop frequency, the microprocessor resets the sweep
generator to the start frequency. Another portion of the
sweep generator's DAC produces a ramp proportional
1o the sweep frequency. A calibration voitage (VSLEN)
from the DAC/sample and hoid circuit provides a cor-
rection voltage to the sweep DAC. The voltage (VSLEN)
is generated when the internal calibration circuit, during
the auto cal cycle reads the sweep output and makes
corrections to the sweep generator. The microproces-
sor circuit stores the correction vaiue as VSLEN which
provides the reference voltage for the sweep generator
DAC.

4.2.3.3 Symmetry Control

The symmetry control (schematic 0103-00-3004 sheet
3) provides control of the generated waveform's sym-
metry. VCG summing amplifiers divide the signal VSUM
into two signais. One signal controls the one half of the
waveform; the other signal controls the other half or the
waveform. If the symmetry setting remains at 50%
(symmetrical waveform), each signal receives the same
amplification. As the symmetry setting changes from
50%, in either direction, one signal receives greater
amplification and the other receives less amplification.
Control lines QDO-7 from the microprocessor circuit
control the outputs from the DAC which in turn set the
gain of the VCG amplifiers. The two symmetry control
outputs (+FCV and —FCV) drive the VCG current source
and high frequency compensation circuit. The auto cal
circuit also receives inputs from these two lines. This
circuit has two test points: TP3 monitors the positive
function control voltage (+FCV) and TP4 monitors the
negative function control voltage (-FCV). There are no
adjustments in this circuit.

4.2.3.4 VCQ Current Sources

The VCG current sources (schematic 0103-00-3004
sheet 4) converts the +FCV and —FCV voltages from the
symmetry control into two currents (ISWITCH+ and
ISWITCH-) for use by the comparator circuit. The posi-
tive current (ISWITCH+) flows into the comparator, and
the negative current (ISWITCH-) flows from the com-

48

parator. At 50% the current flow is equal flow to and from
the comparator. However, if the symmetry setting is not
50%, the current flow will be unsymmetrical,

This circuit has four test points. TPS is the VCG current
sources positive reference voltage. TP8 is the VCG
current sources negative reference voitage. TP6 is the
positive integrator voltage source current flow into the
comparator circuit. TP7 is the negative integrator volt-
age source current fiow out of the comparator circuit.
There are no adjustments in this circuit.

4.2.3.5 High Frequency Compensation

The high frequency compensation circuit (schematic
0103-00-3004 sheet 4) offsets any internal circuit time
delays in the function generator circuit on the 200 kHz
to 2MHz and 2MHz to 20 MHz frequency ranges. At
higher frequencies, the time it takes to control or calcu-
late the shape of the waveform, as well as the rise and
fall times, and levels takes ameasurable part of the time
required by the waveform. A calcuiated value (+ COMP
and -COMP) compensates for the time delay by slightly
altering the +FCV and -FCV signals from the symmetry
caontrol circuit at the comparator. The +COMP and
—COMP output signal drives auto calibration circuit.
There are no test points or adjustments in this circuit.

4.2.3.6 Comparator

The comparator circuit (schematic 0103-00-3004 sheet
7) combines the input signal representing the frequency
set point (+COMP and -COMP), and compares it with
the actual triangle waveform being generated by the
current flows (+VI and -VI). As the output triangle
reaches the positive peak set point, the comparator
switches the output signal (SQWAVE) to a negative
level. When the triangle reaches the negative peak,
SQWAVE switches to a positive value. SQWAVE is used
as the source square output waveform, and SYNC OUT
signal. The switching SQWAVE signal alternately per-
mits the current from the VCG Current Sources Circuit to
flow into then out of the Comparator Circuit current
sénse point (TRINODE). This carefully controlled alter-
nating current flow is sensed in the Triangie Buffer Cir-
cuitas a triangie wave (TRIOUT). During the control part
of the auto calibration cycle, VTRIBAL is adjusted to the
necessary voltage to insure a symmetrical triangte sig-
nal is measured by the measurement part of the auto
calibration cycle. This circuit has two test points. TP13
is reference square wave, or the level the triangle must
reach in order o switch. TP14 is the switched square
wave. TP15 is the Square Wave output. There are no
adjustments in this circuit.



4.2.3.7 Frequency Range Switches

The frequency range switches (schematic 0103-00-
3004 sheet 5) selects the four switchable range capaci-
sors for the Model 288's five upper ranges. The micro-
processor circuit via the function generator'sdata latches
selects the capacitors. On the 20 MHz range, the
capacitance consists of approximately 50 pF (15 pF
olus stray capacitance) permanently connected to the
input of the triangle buffer (TRINODE). For the 2MHz
range the microprocessor circuitadds 440 pFin paraliel
with the existing 50 pF (=500 pF total). For the 200 kHz
range, the microprocessor circuit adds to 0.0047 uF in
parallel with 440 pF (=0.005 pF total). For the 20 kHz
range, the microprocessor adds 0.047 uFin parallel with
0.0047 pF (=0.05 uF total). For the 2kHz range, the
microprocessor adds 0.47 uF in parallel with 0.047 pF
(=0.5 yF total). On the 200 Hz range and below, the
capacitance multiplier (paragraph 4.2.3.8) selects the
range “capacitors”.

When the Model 288 produces an unsymmetricai wave-
form, the frequency range divides by 10. The micropro-
cessor circuit autoratic compensates for this by pro-
gramming the next higher range.

4.2.3.8 Capacitance Multiplier

Lower frequencies require larger capacitors that often
fail to maintain the precise value over time needed for
accurate frequencies. To eliminate the need for large
capacitors, the Model 288 uses a capacitance multiplier
(schematic 0103-00-3004 sheet 6) which controls the
current at the TRINODE point. When the VCG current
source supplies current (+Vl) to the comparator, the
capacitance multiplier draws a portion of the current
from the TRINODE point. When the VCG current source
draws current (=V1) from the comparator, the capaci-
tance multiplier adds current to the TRINODE point.

This effectively decreases the amount of current to the
range capacitor, which decreases the time it takes for
the capacitor to charge to the comparator sense point;
making the frequency lower. Microprocessor circuit
data lines, routed through the function generator's data
jatches, select the capacitance muitiplier's control line.
TP11 is the capacitance multiplier output. There are no
adjustments in this circuit.

4.2.3.9 Triangle Buffer

The triangie buffer {(schematic 0103-00-3004 sheet B)
amplifies the triangle generated by charging and dis-
charging the range capacitor. The buffer output (TRI-
OUT) drives the comparator sense point, the waveform

selector on the output assembly, and the sine convertor
on the phase lock loop assembly.

The auto cal circuit measure the triangle balance
(TRIBAL) retative to the triangle buffer's ground (TRI-
COM) and produces a triangle balance voltage
(VTRIBAL) that adjusts the comparator. The Mode! 288
stores the triangle balance voltage in the microproces-
sor circuit. The stored value changes only during the
auto cal cycle.

4.2.3.10 Auto Calibration

The function generator's auto calibration circuit (sche-
matic 0103-00-3004 sheet 4) selects and buffers six key
points on the function generator assembly during the
auto cal cycle. The circuit's output (FGTST) drives the
units internal calibration network on the mctherboard. In
addition, another circuit ampilifies the FGTST by +100
and route it to the internal calibration network. There are
no test points or adjustments in this circuit.

4.2.4 Phase Lock Loop Assembly

The phase lock loop assembly contains three blocks:
the phase lock loop itseif, the sine convertor, andthe AM
modulator. The phase lock loop selects and locks tri-
angle or square wave signal to internal or external
reference. The sine convertor transforms the triangle
into the sine wave. The AM modulator controis the
amplitude modulation of the sine wave signal. All the
control fines for this assembly originate from the micro-
processor circuit and transfer through the assembly
data latches.

4.2.4.1 Phase Lock Loop

Phase lock loop circuit consists of the sine-Z-Cross
circuit, the source selector circuit, the phase compara-
tor circuit, the phase comparator circuit, the charge
pump circuit, and the lock loop filter circuit.

Sine-Zero-Crossing Detector

The sine zero crossing detector (schematic 0103-00-
3003 sheet 2) converts the sine wave (SIN 3) from the
sine buffer into a square wave As the sine wave passes
through its zero crossing point, the output from the
crossing detector changes its dc level, thus producing
the square wave. This square wave drives the source
selector for the phase comparator. All test points and

-" components are located under the shield. TP1 is the
~ 'sine wave zero crossing output. There are no adjust-

ments in this circuit.

Source Selector
The source selector circuit (schematic 0103-00-3003
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sheet 2) selects the reference frequency source for the
phase comparator. The source selector selects from
two reference frequency sources:SYNTH the internal
frequency synthesizer or BXFREQ the external refer-
ence source from the Ext Freq In connector. The selec-
tor also selects one of the two available variable fre-
quency waveforms: SQWAVE (square wave) and SIN3
(sine wave). When using the internal frequency refer-
ence, the comparator receives the square wave as the
variable frequency waveform. When using the external
frequency reference, the comparator uses the zero-
crossed square wave as the variable frequency (tri-
angle and sine wave functions) or square wave (square
wave function). The front panel circuit through the micro-
processor circuit controls the signal selection and rout-
ing. All components are located under the shield. TP2is
the buffered external reference frequency (external
signal must be connected to EXT FREQ IN). TP3 is the
frequency synthesizer output. There are no adjustments
in this circuit.

Phase Comparator

The phase comparator circuit (schematic 0103-00-3003
sheet 2) compares the reference frequency signal and
the variable frequency signal and produces an output
based on positive edge arrival times of each selected
signal. The comparator generates three output condi-
tions on the output lines VLAGR and VLEADR.

1. The reference signal and generated wave-
form arrive at the same time.

2. The reference signal leads the generated
waveform.

3. The reference signal lags the generated wave-
form.

VLAGR and VLEADR drives the charge pump. All
components are located under the shield. There are no
test points or adjustments in this circuit.

Charge Pump

The charge pump circuit (schematic 0103-00-3003 sheet
3) controls the current flow to and from the lock-loop
fiter. The two cutput line from the phase comparator
(VLAGR and VLEADR) regulates the charge pumps
current flow. Current flow represents the difference
between the selected reference frequency signal and
the variable frequency signal which is set from the front
panel. The current pulses briefly during the positive
edge comparison and then stops. The time difference
between the input signals VLAGR and VLEADR deter-
mine the amount of current pumped to the lock-loop
fiter The arrival order of the input signal VLAGR and
VLEADR determine the direction of the current flow. If
the signals arrive at the same time, no currentis pumped
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to the lock-loop filter. All test points and components are
located under the shield. TP7 is the variable lag refer-
ence. TP8 is the variable lead reference. There are no
adjustments in this circuit.

Lock-Loop Filter

The lock-loop filter circuit (schematic 0103-00-3003
sheet 3) converts the current flow from the charge pump
into an error voltage (VLOOP) for the function genera-
tor's VCG summing amplifier. The filter smooths the
pulsing current flow into a voltage that is the average of
the current pulses. The error voltage is positive when the
average current is flowing from the filter and negative
when the average current is flowing into the circuit. The
error voltage VLOOP gradually changes the VCG
summing amplifier's output signal (VSUM) changing
generators frequency closer the reference frequency.

Under certain conditions the microprocessor circuit
disconnects the VLOOP error signal from the VCG
summing amplifier. |f the reference to variable fre-
quency difference is too great which generates an even
greater error in the opposite direction the microproces-
sor circuit turns on the UNLOCK indicator at the front
panel and disconnects the VLOOP signal. When FM or
Sweep modulation is selected at the front panel, the
VLOOP signal is disconnected, but the UNLOCK indi-
cator is not turned on.

The microprocessor circuit varies the characteristics of
the lock-loop filter characteristics based on the selected
frequency. During the auto cal cycle, the internal cali-
bration network produces a correction voltage
VPHAGSE.that fine tunes the lock-loop filter. TP9 is the
phase lock loop error voltage. There are no adjustments
in this circuit.

4.2.4.2 Sine Convertor

The sine convertor consists of three circuits: the variable
supply, the sine convertor itself, and the sine buffer.

Variable Supply

The variable supply (schematic 0103-00-3003 sheet Sy
produces an isolated £12V used only by the sine con-
verter. To provide minimum sine distortion, the internal
calibration network on the motherboard measures the
sine distortion and produces a correction voltage VSIN-
CAL which fine tunes the sine convertor by adjusting the
variable supply. There are no test points in this circuit.
R97 provides course adjustment of the variable supply.

Sine Converter

The sine convertor (schematic 0103-00-3003 sheet 4)
transforms the triangle (TRIOUT from the sine buffer)
into a sine wave. The sine convertor uses the logarithmic



response characteristics of the ten matched diodes to
approximate a sine wave current output SINCO. TP13is
the sine wave converter output. R33 adjusts the input
level of the sine converter.

Sine Buftfer

The sine buffer (schematic 0103-00-3003 sheet 4)
converts the sine current supplied by the sine converter
into two sine wave signals (SIN1 and SIN3). Signat SIN1
drives the function selector on the output assembly, and
provides the carrier for the X-Y multiplier (AM). Signal
SING is routed to the phase lock-loop’s sine zero-
crossing Circuit. TP10 monitors the sine wave buffered
output. R64 adjusts signal dc level. R208 adjusts sine
wave amplitude.

4.2.4.3 Amplitude Modulator

The amplitude modulator consists of two circuits: the X-
Y multiplier and the AM buffer.

X-Y Multiplier Circuit.

The X-Y multiplier (schematic 0103-00-3003 sheet 5) is
a transconductance ampiifier that produces differential
currents that drive the AM buffer. The sine buffer from
_ the sine convertor provides the mulitiplier's carrier (X)
input SIN1. The external Mod In signal supplies the
circuit's modulation (Y) input MOD IN. During the auto
cal cycle, the Model 288's internal calibration network
measures the +PK and -PK signals (peak detector on
the output board). The microprocessor circuits stores a
correction value based on the measurement. During the
control cycle, the DAC/sample and hold circuit converts
the value into a voitage VAMCAL that fine tunes the X-
Y multiplier. There are no test points in this circuit. R102
provides course adjustment of the sine wave input.
R108 provides course adjustment of the modulation
signal input.

AM Buffer

The AM bufter (schematic 0103-00-3003 sheet 5) is 2
differential amplifier that combines the two signals from
the X-Y multiplier into one symmetrical around zero
signal. The voltage level is compatible with the other
signals selected at the output assembly. TP12 monitors
the AM buffer output. R125 provides dc level offset
adjustment. ’

4.2.5 Output Assembly

This assembly contains circuits that select the wave-

form, set the output level of the waveform, and provide -
waveform amplification. All waveforms can be dc offset -

Waveform selection, amplitude, and dc offset are set
from the front panel and processed by the microproces-

sor circuit. The assembly input registers read the data
from the microprocessor circuit and routes the control
linesto the circuits. This assembly contains the following
circuits:

Function Selector.

Preamplifier.

R-R2 Ladder.

Power Ampilifier.

—20dB Attenuator.

Balanced Drivers.

Peak Detector.

4.2.5.1 Function Selector

The function selector (schematic 0103-00-3002 sheet 2)
selects and routes either the square wave, triangie
wave, sine wave, or amplitude modulated signal to the
preamplifier. The triangie wave TRIOUT from the func-
tion generator assembly, sine wave SIN1fromthe phase
lock loop assembly, and amplitude modulated signal
AMSIG form the phase lock loop assembly are un-
changed. But, the square wave SQWAVE from the
function generator assembly is shaped, and its ampli-
tude set to the same level as the other signals. The
output level from the function selector for all waveforms
is 2Vp-p. The front panel selections, processed by the
microprocessor circuit, select and route the waveforms
to the preamplifier. TP1 is the shaped square wave
input. There are no adjustments in this circuit.

4.2.5.2 Preampliifier

This circuit (schematic 0103-00-3002 sheet 2) amplifies
the selected 2Vp-p waveform (square wave, triangle
wave, sine wave, and amplitude modulation signal)
from the function selector to a 6Vp-p signal (PREAMP)
which drives both the R-R2 Ladder and the Peak De-
tector . TP2 is the preamplifier output. C22 adjusts fre-
quency peaking.

4.2.5.3 R-R2 Ladder

The R-R2 ladder digital binary attenuator (schematic
0103-00-3002 sheet 2) provides 0 to 20 dB of variable
attenuation of the output from the preamplifier. With the
exception of the first step of attenuation, each selected
step doubles the attenuation of the previous step. At-
tenuation depends on the front panel selections and
microprocessor circuit processing. There are no test

. points or adjustments in this circuit.

4.2.5.4 Power Amplifier

The power amplifier, a fixed gain, wide-band inverting
amplifier with a push-pull complimentary symmetry
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output stage, (schematic 0103-00-3002 sheet 2) pro-
vides the gain and drive needed for the balanced and
unbalanced outputs and —20 dB attenuator. The ampli-
fier receives its input (PA IN) from the R-R2 ladder.
Another input, VOFST, supplies the dc offset level.
VOFST aiso allows the internal calibration network
through auto cal to correct for amplifier aging and
temperature effects. Two diodes, CR29 and CR30.
protects the four output transistor that drive the output.

4,2.5.5 -20 dB Attenuator

The -20 dB attenuator circuit (schematic 0103-00-3002
sheet 6) reduces the power amplifier PA OUT level by
either 0dB or—20 dB. The microprocessor circuit selects
the attenuator based on the output level selected viathe
front panel. This attenuator together with the R-R2 lad-
der and the —40 dB attenuator on the balanced and
unbalanced network sets the output level. There are no
test points or adjustments in this circuit.

4.2.5.6 Unbalanced and Balanced Drivers

This circuit (schematic 0103-00-3002 sheet 6€) routes
the signal from the -20 dB attenuator to either the
unbalanced output, UBOUT, or the balanced drivers.
TP6 is the negative balance driver output. TP7 is the
positive balance driver output. There are no adjust-
ments in this circuit. The unbalanced signal is routed to
the unbalanced output attenuator network and imped-
ance control circuits on the A2 Motherboard unchanged
as (UBOUT). The unbalanced signal (UNBAL OUT) is
routed through two complimentary drivers which pro-
duces two 180° out signals, BOUT1 and BOUT2. Both
signals drive the peak detector and balanced output
attenuator network and impedance conr- .. circuits on
the motherboard.
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4.2.5.6 Peak Detector

During the auto cal cycle, the peak detector circuit
(schematic 0103-00-3002 sheet 7) processes four sig-
nal lines generated on the output assembly. The peak
detector circuit consists of the input selector and its
positive and negative peak detectors, as well as a
harmonic distortion notch filter.

For ac measurements the input selector routes one of
the four inputs to the peak detector: preamplifier output
PREAMP, balanced driver outputs BOUT 1 and BOUT2
,and power amplifier output PAOUT. The peak detector
senses the positive and negative vaiue and produces a
dc equivalent value for the internal calibration network.
For dc measurements the input selector chooses one of
the four inputs and routes it directly to the +PK The sine
wave from PREAMP drives the harmonic distortion notch
filter whose output voltage, THD, represents the sine’s
distortion content. The voltage THD corrects for minor
distortions in the sine convertor circuit

TP8 is the total harmonic distortion notch filter output.
TP9 is the positive peak detector output (not measur-
able). TP10 is the negative peak detector output (not
measurable). There are no adjustments in this circuit.

4.2.6 Rear Panel

This assembly (refer to the instrument schematic 0004-
00-0510) provides the operator with line power connec-
tion, voltage selection facilities, fuse protection, and
GPIB connection. The selected input line voltage of 100/
120/220/240 Vac is converted to =8 Vac, =32 Vac, and
=52 Vac for use by the individual power supply circuits
located on the A2 Motherboard Assembly. =9 Vac is
provided to the Front Panel Assembly for display power.
Front Panel Assembly provides On/Off switching.



5.1 CALIBRATION
This section contains the Model 288's calibration proce-
dures (paragraph 5.2).

Wavetek maintains a factory repair department for those
customers not possessing the necessary personne! or
test equipment to calibrate or repair the instrument.
Before returning the instrument, contact the Customer
Service Department by calling or writing:

Wavetek San Diego, inc.
9045 Balboa Ave.

San Diego, CA 92123
Telephone: (619) 279-2200
TWX: (910) 335-2007

The Model 288 provides the user with two calibration
methods: Auto Cal and Calibrate.

5.1.1 Auto Cal

Auto Cal (automatic calibration) provides aquickmethod
of calibrating the Model 288 without using external test
equipment. Auto Cal does not require opening the
instrument or making adjustments. Use Auto Cal when
Model 288 accuracy is critical, long term instrument
storage, following drastic changes in the environment,
or when the operator believes Auto Cal is necessary.
Paragraph 5.3.1 describes the Auto Cal procedure.

5.1.2 Calibrate

The calibrate mode provides a more extensive method
of calibrating the Mode! 288 using external test equip-
ment. Calibrate does require opening the instrument
and making adjustments. Use Calibrate when the
Mode! 288 displays “CAL REQUIRED" or “FAILED AUTO
CAL", when the Mode! 288 has been repaired or failsthe
Performance Verification procedure (Paragraph 2. ), of
when routine calibration is scheduled. Paragraph 5.3.2
describes the Calibrate procedure.

SECTION
CALIBRATION PROCEDURE

5.2 AUTO CAL PROCEDURE

To Auto Cal the Mode! 288, perform the following steps.
Auto Cal requires no external test equipment, in fact,
nothing must be connected to the input connectors
otherwise the Auto Cal circuitry could miscalibrate the
instrument. Also, disconnect ali outputs from the instru-
ment otherwise the sudden changes in the instrument's
output waveforms could damage external equipment.

1. Turnonthe Model 288 and aflow ittowarmup for 20
minutes. Pressing the Calibrate key prior to the 20
minute warm up time displays the count-down time
to Auto Cal. The instrument automatically Auto Cals
after the 20 minute count down. However, pressing
any other key during the count downaborts AutoCal
and returns the instrument to normal operation.

Remember to remove all input and output connec-
tions to the Model 288 before pressing Auto Cal.

2. Press the Calibrate key and aliow the unit time to
complete the Auto Cal. When completed success-
fully, the Model 288 displays AUTOCALIBRATED
and the unit returns to its last setting. I the Auto Cal
fails the Model 288 displays an error message
which identifies the parameter - ERR (Keyword). 1f
this occurs occasionally, try to Calibrate the unit
again. Notethe error keywords and reportthe errors
when the unit is returned for scheduled mainte-
nance.

5.3 CALIBRATE PROCEDURE

To calibrate the Model 288 perform the following steps.
This procedure contains five separate steps which the
Model 288 guides you through. Ifa specific step needs
adjustment, use the cursor key to advance to the de-
sired step.



Table 5-1. Recommended Test

5. Verifythe Model 288 display flashes CALIBRATING
then indicates USER SN XXXX or USER SN O.

Equipment
Test Equipment Recommended
Model
Scope Tektronix 2485 or equiv.
Distortion Analyzer Hewlett Packard 89038 or
equiv.
Digital Voltmeter Not Critical
Function Generator Not Critical
Phase Meter (optional) | Hewlett Packard 5335A or
Hewlett Packard 3575A
NOTE
Use rear panel for all ground connections un-
less otherwise specified.

Allindications and waveforms are referenced to
chassis ground unless otherwise specified.

STEP 1 Initlal Setup
1. Remove five top cover screws.

NOTE

Keep the top shield and top cover in place
during the procedures except when necessary
to make an internal adjustment.

2. Perform the turn-on procedures as shown in para-

graph 2.3.3..

WARNING

Dangerous voltages are present with the
covers removed. Where maintenance canbe
performed without power applied, the power
shouid be removed. Battery voltage is pres-
ent even with AC power cable removed.

@

MOTHERBOARD
[—_TURCTION GENERATOR BOARD

FTRNNS

R12§
_QUTPUT BOARD

A

FRONT PANEL KNOB

Figure 5-1. Calibration Location

STEP 2 Adjust Square Wave
Before performing any adjustment procedurs, the initial
setup (Step 1 of this procedure) must be completed.

1. Verifythatthe Modei 288 display indicates USER 8N
XXX Or USER 8X 0.

2. Verify that the Mode! 288 display flashes CALI-
BRATING then indicates PEAKING C22.

Connect the test equipment as shown in figure 5-2.

Slide the top cover back. Press and hold down the
internal calibration switch S1 (figure 5-1) while
pressing the front panel CALIBRATE key.

Verify the Model 288 display indicates WVTK 8K
XXXXXXX Or WWTK B8R 0. Press the front panel =»
CURSOR key.

Figure 5-2. Square Wave Adjust Setup




4. Set the scope controls to display the Model 288
output. Verify that the scope displays peak-to-peak
aberrations are greater than 3% and less than 5%.

if incorrect, adjust C22 (figure 5-1) until the reading
is within specified limits. .

5. Onthe Model 288,

Press the = Cursor key. Verify the display
flashes CALIBRATING then indicates R33, 97,
64 VSINE XX.

STEP 3 Adjust Sine Wave.
1. Connectthe test equipment as shown in figure 5-3.

DISTORTION
MODEL 288 ANALYZER SCOPE
INPUT} TRIG

50Q FEEDTHROUGH

Figure 5-3. Sine Wave Ad]ust Setup

2. Set the distortion analyzer controls to dispiay the
Model 288 output signa! Total Harmonic Distortion
(THD) in dB.

3. On the Model 288, slowly adjust the Front Panel
Knob (figure 5-1) until the THD as displayed on the
distortion analyzer is minimum. Verify that reading
is = — 50 dB at 10 kHz.

If correct, proceed to STEP 3 Adjust Amplitude.

4. If incorrect, set the scope controls to display the
distortion analyzer output.

Adjust R33 (figure 5-1) until waveform peaks are
clearly visible in the residue.

Adijust R97 untit waveform peaks are symmetrical,
one above the average value of the residue signal
and one below.

5. Adjust R33 until the peaks disappear back into the
residue. :

6. Observe the overall ripple in the residue in the are
of the waveform zero crossings as displayed on the
scope. Turn the Model 288 Front Panel Control

Knob CW until the waveform peaks are clearly
visible in the residue and repeat step 6.

if the overall ripple has decreased, continue the
procedure always turning the Model 288 FrontPanel
Knob CW.

If the overall ripple has increased, continue the
procedure always tumning the Model 288 FrontPanel
Knob CCW.

7. Repeat steps 5 and 6 until:

The amplitude of the overall ripple in the residue
signal is minimum as displayed on the scope.

The THD as measured on the distortion analyzer is
< -50dB.

8. Disconnect the test equipment.

9. Connectthe digital multimeter +lead to TP10 and-
lead to TP11. Verify that the digital multimeter
displays <1 mvdc.

if incorrect, adjust R64 until the reading is within
specified limits.

10. On the Model! 288, press the =» Cursor key. Verify
the display flashes CALIBRATING then indicates
SIN AMNP R208.

STEP 4 Adjust Amplitude
1. Connectthe test equipment as shown in figure 5-4.

SIGNAL

SOURCE opP
— ]
ouUTPUT CH 1

MOD IN| [UNBAL OUT

Figure 5-4. Adjust Amplitude Setup

2. Verify that the digital voltmeter reads 7.071 Vrms
=100 mVrms.

e lfincorrect, adjust R208 (figure 5-1) until reading is
within specified limits.
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3. On the Model 288,

Press the =» CURSOR key.

Verify that the display indicates CALIBRATING
for approximately 5 seconds.

Verify that the display indicates ADJ AM POTS.

STEP 5 Adjust Amplitude Modulation

1.

Connect the test equipment as shown in figure 5-5.

STEP 6 Ad|ust Phase

Connect the test equipment as shown in figure 5-6.

SCOPE
g INPUT |
U oo iss UNBAL OUT
OUT™" WobeF
N 50Q FEEDTHROUGH

Figure 5-5. Adjust AM Setup

Set the scope controls to display the Model 288
output. Verify the scope displays carrier nuil with
<50 mVp-p AC ripple and <5 mVdc offset.

if carrier null is incorrect, adjust R108 (figure 5-1) for
minimum indication..

If DC offset is incorrect, adjust R125 until reading is
within specified limits.

On the Model 288,
Press the =» CURSOR key.

Verify that the display flashes CALIBRATING for
approximately 1 second. then displays A HOD
NULL.

Connect a jumper between A7TP11 and TP13.

Connect a 502 BNC cable between the Sync Out

and the Mod/VCF In connectors

Verify that the scope displays carrier null with <20
mVp-p AC ripple.

If incorrect, adjust R102 for minimum indication
On the Model 288,
Press the =e Cursor key.

Verify that the display indicates CALIBRATING
for approximately 5 seconds.then displays
PHASE 0 IX,XXX

SIGNAL
SOURCE

UNBAL OUT

50Q FEEDTHROUGH

Figure 5-6. Adjust Phase Setup

2. Set the signal source controls as follows:

Set Function to Sine.
Frequency to 2kHz.
Output Level to 5V p-p.

3. Set the scope controls as follows:

Trigger to channel 1.

Channel 1 and 2 vertical controls so that
settings are identical, and waveforms are
dispiayed.

Channel 1 and 2 horizontal controls so that
settings are identical, and waveforms are
displayed.

Adijust the controls to accurately superimpose
both waveforms.

Select channel 2 Invert.
Select 1 and 2 Add.

4. On the Model 288,

Adjust the Front Panel Knob to null the added
waveform on the scope display.

Press the =» CURSOR key.

Verify that the display flashes CALIBRATING
for approximately 1 second.

.“Verify that the display indicates PEASE +180
XX, XXX

5. Set the scope controls as follows:

Set Channels 1 and 2 Add to Off.



Channel 1 and 2 vertical controls so settings
are identical, and waveforms are displayed.

Channel 1 and 2 horizontal controls so settings
are identical, and waveforms are displayed.

Adjust the controls to accurately superimpose
both waveforms.

Select channel 2 normat (non-invert).
Set Channeis 1 and
6. Onthe Model 288,

Adjust the Front Panel Knob to null {minimum
displayed signal) the added waveform on the
scope display.

Press the =» CURSOR key.

Verify that the display flashes CALIBRATING
for approximately 1 second then displays
PHASE -180 XX,XXX.

Adjust the Front Panel Knob to null (minimum
displayed signal) the added waveform on the
scope display.

7. On the Modei 288,
Press the =» CURSOR key.

Verify that the display flashes CALIBRATING
for approximately 1 second then displays sQ
PEASE O XX,XXX.

T

8. Set the Signal Source controis as follows:

Function to Square.
Frequency to 2kHz.
Output Level to SV p-p.

9. Set the scope controls as follows:

Trigger on channel 1.

Channel 1 and 2 vertical controls so settings
are identical, and waveforms are dispiayed.

Channel 1 and 2 horizontal controls s¢ settings
are identical. and waveforms are displayed.

Adjust controls to accurately superimpose both
waveforms.

Select channel 2 Invert.
Select 1 and 2 Add.

10. On the Model 288,

Adjust the Front Panel Knob to null the added
waveform on the scope display.

Press the CALIBRATE key.

Verify that the display indicates CALIBRATION
ore.

11. Remove the power and disconnect the test equip-
ment. install top cover .
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6.1 INTRODUCTION

This section provides a method of troubleshooting the
Model 288 to the circuit level. The Model 288 uses
several “tools” in addition to conventional operating
failures, such as blown fuses and nonoperating func-
tions. The Mode! 288 produces error messages which
this section uses toguideyoutoa probable faulty block.
Also, the Model 288's performance verification proce-
dure (paragraph 2.3.5) tests the units operating para-
meters. If the unit fails any one the the performance
verification tests, proceed to the manual calibration
procedure (section 5).

6.2 FACTORY REPAIR

Wavetek maintains afactory repair department forthose
customers not possessing the necessary personnel or
test equipment to maintain the instrument. If an instru-
ment is returned to the factory for calibration or repair, 2
detailed description of the specific problem should be
attached to minimize turnaround timse.

6.3 BEFORE STARTING

No troubleshooting guide can possibly cover all the
potential problems, the aimof this this sectionisto guide
you to a figure that represents each of the Model 288's
assemblies. These figures contain information about
unit setup and test conditions for test point on the
assembly. Also, it is necessary to become familiarize
with the instrument by reviewing the function descrip-
tion and the detailed circuit description (section 4) in
conjunctionwiththe schematics (section 7). Successful
troubleshooting depends upon understanding the cir-
cuit operation within each function biock as well as the
block relationships.

6.3.1 Inspection
Before before beginning the troubleshooting proce-

dure, use the following inspection procedures to locate

obvious malfunctions with the Mode! 288.

1. Inspectall external surfaces of Model 288 for physi-
cal damage, breakage, loose of dirty contacts, and
missing components.

SECTION
TROUBLESHOOTING

2. Remove top cover, shield, and bottom cover to
access components.

WARNING

The Model 288 contains high voitages. After
power |s removed, discharge capacitors to
ground before working inglde the Instrument
to prevent electrical shock.

CAUTION

Do not disconnect or rermove any board assem-
blies in the Mode! 288 unless the instrument is
unplugged. Some board assemblies contain
devices that can be damaged if the board is
removed: with the power on. Several compo-
nents, including MOS devices, can be dam-
aged by electrostatic discharge. Use conduc-
tive foam and grounding straps when servicing
is required around sensitive components. Use
care when unplugging IC's from high-grip sock-
ets.

3. Inspectprinted circuit board surfaces for discolora-
tion, cracks, breaks, and warping.

4. Inspectprintedcircuit board conductors for breaks,
cracks, cuts, erosion, or looseness.

5. Inspect all assemblies for burnt or loose compo-
nents.

6. Inspectall chassis-mounted components for loose-
ness, breakage, loose contacts or conductors.

7. Inspect the Model 288 for disconnected, broken,
cut, loose, or frayed cables or wires.
6.4 TROUBLESHOOTING

This troubleshooting procedure relies on the the Model
288's error messages and performance verification
failures. If during the normal operation the Model 288

" - fails, note the conditions and consult this table for the

closest possible probiem.

Table 6-1 lists the Models 288's error messages and
references the recommended troubleshooting figure or
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figures. Table 6-2 lists the items from the performance
verification procedure and the recommended trou-
bleshooting figures.

All control and signal lines, as well as voltages, are
routed though the Motherboard; see figure 6-1. Check
the Microprocessor circuit by verifying the flashing Life
Light, if not check the supplies to the circuit. Also,
remove all boards

Using the Troubleshooting Figures
The troubleshooting figures contains test setup instruc-

tions and test pointdata. Use these figures by checking
the output test points first, usually the right side of the
block diagram, and proceeding by step back through
the circuits. Once the suspected circuit has been
isolated, use the appropriate assembly drawing, sche-
matic, and parts list to aid in isolating the faulty compo-
nent. Remember, the circuit description, section 4,
provides a functional and detailed description of the
circuit.

Table 6-1. Error Messages

Error Message

Troubleshoot

VCGZERO
VFREQ
VFREQOS
SPOSVCGOFF
.SNEGVCGOFF
VTRIBAL
SYMMSOPCT
POSVCGOFF
SWPLENGTH
SCALE

TOFR7

TOFR6

TOFRS5

TOFR4

TOFR3
COMPS+
COMP8+

Function Generator - Figure 6-7
Motherboard - Figures 6-1, 8-3, and €-8
Front Panel - Figure 6-2

FINDNOTCH
OFSTZERO
OFSTGAIN
BALOFFST
SINEAMPL
TRIAMPL
SQURAMPL
BALAMPL
VSINCAL
VAMCAL

Phase Lock Board - Figure 6-6
Output Board - Figure 6-4
Motherboard - Figures 6-1, 6-3, and 6-8
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Table 6-2. Performance Verification Failures

Test Failure

Troubleshoot

Frequency Range
Frequency Resolution
Symmetry

VCF/FM Operation

" Function Generator - Figure 6-7

Motherboard - Figure 6-1, 6-3, and 6-8
Front Panel - Figure 6-2
Phase Lock Board (Synth.) Figure 6-6

Waveform and Sweep
Pulse Characteristics
Output Verification
AM Verification

Sine Wave Purity
Amplitude Accuracy
DC Offset/Attenuator
External Lock

Qutput Board - Figure 6-4
Phase Lock Board - Figure 6-6
Function Generator - Figure 6-7
Motherboard - 6-1, 6-3, and 6-8
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NOTES: 2 UNLESS OTHERWISE SPECIFIED, INITIAL SETUP

FOR VOLTAGES AND WAVEFORMS IS:
1. UNLESS OTHERWISE SPECIFIED:

RESISTANCE IS IN Q (METAL FILM 1/8W,+1%) SET POWER TO ON.
CAPACITANCE IS IN pF PFESS RESET KEY.
INDUCTANCE IS IN pH WAIT 20 MINUTES.

PRESS CALIBRATE KEY.
VERIFY DISPLAY SHOWS AUTOCALIBRATED.

3. UNLESS OTHERWISE SPECIFIED, ALL VOLTAGE
READINGS AND WAVEFORMS TAKEN WITH
RESPECT TO CHASSIS GROUND.
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6-6 Figure 6-2. Front Panel (Sheet 1 of 2).
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NOTES:

1. UNLESS OTHERWISE SPECIFIED:
RESISTANCE IS IN © (METAL FILM 1/8W,21%)
CAPACITANCE IS IN uF
INDUCTANCE IS IN pH

2 UNLESS OTHERWISE SPECIFIED, INITIAL SETUP
FCR VOLTAGES AND WAVEFORMS (S:

SET POWER TO ON.

PRESS RESET KEY.

WAIT 20 MINUTES.

PRESS CALIBRATE KEY.

VERIFY DISPLAY SHOWS AUTOCALIBRATED.

3. UNLESS OTHERWISE SPECIFIED, ALL VOLTAGE
READINGS AND WAVEFORMS TAKEN WITH
RESPECT TO ANALOG/DIGITAL GROUND.
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Figure 6-4. Output Board (Sheet 2 of 2).
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NOTES:

1

n

[05]

K2N

UNLESS OTHERWISE SPECIFIED:
RESISTANCE IS IN Q {(METAL FILM 1/8W.21%)
CAPACITANCE IS IN pF
INDUCTANCE IS IN uH

UNLESS OTHERWISE SPECIFIED, INITIAL SETUP
FOX VOLTAGES AND WAVEFORMS IS:

SET POWER TO ON.
PRESS RESET KEY.
WAIT 20 MINUTES.

PRESS CALIBRATE KEY.
VERIFY DISPLAY SHOWS AUTOCALIBRATED.

UNLESS OTHERWISE SPECIFIED, ALL VOLTAGE
REZADINGS AND WAVEFORMS TAKEN WITH
RESPECT TO CHASSIS GROUND.

100 VAC = A-B, C-D, E-F
120 VAC = E-F, B-C-D
220 VAC = A-B, D-E

240 VAC = B-C, D-E

Ji

J2

J22

J4

J23

Figure 6-5. Rear Panel Assembly (Sheet 1 of 2).
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Figure 6-5. Rear Panel Assembly (Sheet 2 of 2).
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NOTES:

1. UNLESS OTHERWISE SPECIFIED: ;
RESISTANCE IS IN Q (METAL FILM 1/8W.£1%)
CAPACITANCE IS IN pF
INDUCTANCE 1S IN pH

2. UNLESS OTHERWISE SPECIFIED, INITIAL SETUP - -
FOR VOLTAGES AND WAVEFORMS IS: EEEAEEEEUY N TP2 i A ; : % Ay
SET POWER TO ON. NN NOTES | l——i p= | == |dsee — L1 NOTE 10
PRESS RESET KEY. RN T [ NOTE 8 N e )
WAIT 20 MINUTES. R L : l .
PRESS CALIBRATE KEY, — i 1 :
VERIFY DISPLAY SHOWS AUTOCALIBRATED. T B A - Iéx
3. UNLESS OTHERWISE SPECIFIED, ALL VOLTAGE L) : L ‘ ' :
READINGS AND WAVEFORMS TAKEN WITH
RESPECT TO ANALOG/DIGITAL GROUND.
- - - TPi2 . TP13
4 DIGITAL GROUND — TP4. (1T : i [ L ; 1.25Vp-p ' 0.5Vp-p
— ) =1MHz . 1kHz : TkHz 1kHz
3. ANALOG GROUND — TP11 . NOTE 10 | L4 A A I
| 1 1K TANIWANNA NL I LN LA PSS SN
6 NOT USED — TP5 AND TP . :\L \l/ ¥/ \I/ A4
| ]
7. SIGNAL MEASURED WITH 1kHz AT 1 Vp-p SINE | I@X ﬁ ! @ I@I
WAVE SIGNAL. CONNECT TG EXTERNAL ] E =

FREQUENCY INPUT. SELECT EXTERNAL LOCK ON
INDICATOR TO ON.

8. SIGNAL MEASURED WITH EXTERNAL LOCK ON

INDICATOR TO ON WITHOUT SIGNAL CONNECTED : -
TO EXTERNAL FREQUENCY INPUT. @ $ @

9. * DENOTES CONTROL SIGNAL,

TP12 |A12s
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@ Figure 6-6. Phase Lock Loop Board (Sheet 1 of 2).
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Figure 6-6. Phase Lock Loop Board (Sheet 2 of 2
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NOTES:

1. UNLESS OTHERWISE SPECIFIED:
RESISTANCE 1S IN Q (METAL FILM 1/8W,=1%)
CAPACITANCE IS IN uF
INDUCTANCE I3 IN pH

2. UNLESS OTHERWISE SPECIFIED, INITIAL SETUP
FOR VOLTAGES AND WAVEFORMS:

SET POWER TO ON.

PRESS RESET KEY.

WAIT 20 MINUTES.

PRESS CALIBRATE KEY.

VERIFY DISPLAY SHOWS AUTOCALIBRATED.

3. UNLESS OTHERWISE SPECIFIED, ALL VOLTAGE
READINGS AND WAVEFORMS TAKEN WITH
RESPECT TO ANALOG GROUND.

4 ANALOG GROUND -- TP1, TP10, AND TP16.

5~ DENOTES CONTROL SIGNAL.
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NOTES:

1. UNLESS OTHERWISE SPECIFIED:
RESISTANCE IS IN Q (METAL FILM 1/8W,%1%)
CAPACITANCE IS IN uF
INDUCTANCE IS IN uH

J:2

C142-
-C1432-

-C198-
-C139-

-96-

-Cf121-

G11a-

<Rl&
-C117-
-CR3$-

2. UNLESS OTHERWISE SPECIFIED, INITIAL SETUP
FOR VOLTAGES AND WAVEFORMS:

(7%

SET POWER TO ON.
PRESS RESET KEY.
WAIT 20 MINUTES.
PRESS CALIBRATE KEY.

VERIFY DISPLAY SHOWS AUTOCALIBRATED.

UNLESS OTHERWISE SPECIFIED, ALL VOLTAGE

READINGS AND WAVEFORMS TAKEN WITH

RESPECT TO ANALCG GROUND.

4. VREF SIGNAL TO INTERNAL CALIBRATION
NETWORK CIRCUIT ON FIGURE 6-3.

1440,

-C122-

-CR33-
-Ci32-

[=]
g gz P23
o 3t s
88
€5
-CR26-
ces iy
L87- H
) R& las
-CR25-
-R94-
Lg2- -R95
-RS7-
-R99-
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; <es- £93-
2 LR23- -CR27-
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© 2
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-RI11C-

5. +12REF SIGNAL FROM +12V SUPPLY IN FIGURE 6-3..
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Figure 6-8. Power Supply (Sheet 1 of 2).
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7.1 DRAWINGS

The following assembly drawings, schematics, and
parts lists are arranged in order shown below.

7.1 .1 Assembly Drawings

All of the mechanical assembly drawings are show in
this section. These drawings contain enough detail and
clarity to assist the repair technician in the disassembly
and reassembly of the Model 288. The parts lists for
each assembly drawing immediately follow that draw-

ing.

7.1.2. Schematics

All of the schematics for the Model 288 are shown in this
section. Schematic drawings containing a proprietary
message may not be copied for resale or use in any
other publication nor for any use other than the repair
and maintenance of the instrument associated with this
manual.

7.1.3 Parts Lists

The parts lists for each individual board or assembly are
shown immediately following that board or assembly.
The parts lists contain Wavetek and manufacturers
parts information. All manufacturers are listed by a

DRAWING

Instrument Schematic
Chassis Assembly
Instrument Parts List

Motherbbard Schematic
Motherboard Assembly
Motherboard Parts List

SECTION
PARTS LISTS AND SCHEMATICS

Wavetek code designation. To convert the Wavetsek
code to a manufacturers name and address or FSCM,
refer to table 7-1, Wavetek Code to FSCM and Manu-
facturers Name and Address.

7.2 ADDENDA

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

7.3 ORDERING PARTS

When ordering spare parts, please specify the part
number, circuit reference, board, serial number of the
unit, and, if applicable, the function performed.

The number etched into a PC board is the board part
number. The assembly (PC board and components on
the board) part number is stamped on the board.

DRAWING NUMBER

0004-00-0561
0002-00-0561
1000-00-0561

0103-00-3000

1100-00-3198
1100-00-3198

7-1
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DRAWING

Front Panel Assembly
Front Panel Parts List

Display / Keyboard Schematic
Display / Keyboard Assembly
Display / Keyboard Parts List

Output Board Schematic
Output Board Assembly
Output Board Parts List

Phase Lock Board Schematic
Phase Lock Board Assembly
Phase Lock Board Parts List

Function Generator Board Schematic
Function Generator Board Assembly
Function Generator Board Parts List

Rear Panel Assembly
Reaf Panel Parts List

DRAWING NUMBER

1101-00-3199
1101-00-3198

0103-00-3001
1100-00-3001
1100-00-3001

0103-00-3002
1100-00-3002
1100-00-3002

0103-00-3003
1100-00-3003
1100-00-3003

0103-00-3004
1100-00-3004
1100-00-3004

1101-00-3007
1101-00-3007
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3 THERMAL OQASKET-REAR 1400-02-4400 WK 1400024400 | 1 C124 €16 C18 €47 €48 €73 | CAP.ELECT. 220, 23V Ri | SRAIOVBZZRMGXTLL UNCON | 2300-32-2002 | 7 TP1 TP10 $P14 TPL3 TPi7 TP3| TEST POINT,RED, PC YP-104-01-02 coMPO | 2100040033 |9
PAMEL-A c78 DIAL ™7 P9
23 THEAMAL CASKET-REAR 140C—02—4410 WTR 14D0—02-4£10 | 1 c?s c97 CAP, ELECT. 2200MF. 14V | ECEALCVR222C PANAS | 1900-F2-2201 |2 1 CONN PIN, INSERT 2100030081 TR 2100030081 |2
PANEL-B RADIAL LEAD. 8P .20
v1 CRYBTAL, $18Z 180-302 HTRON | Z000-99=0004 |1
28 MEATBINK BRIDSE 1400024463 HVTR 1400-02-4463 | 1 c10s <107 CAP. ELECT, 33001F, 30V | NRE 3300730 NIC 1500-33-3202 |2 B
RADIAL LEAD., SP .40 & FUBSE HOLDER, CLIP 102071 LITFu |=2e00-030031 |8 =
NONE SUPPPORT PLATE. 1400—02-3007 WK 1400-02-%07 |}
TRANSISTOR cea €90 CAP, ELECT, $700rF/23V | NREA7ZM25V2ZEHL NIC 1300-34-7202 | 2 16 BTANDOET, S4, 4-F2X9/32 | J045—B-$32-8 MODL=3/32) RAF 2800-06-0062 | 1
AADIAL LEAD, 8P .50 .1/1b B BR, ZN PL —
c74 €AP. CER. 100PF, 100V, AT | CACO2COR101J1004 CORNG | 1300-01-0106 | 1
€100 c101 CAP, ELECT, 680015, 16V | NRE4ABNM16VZAXAL NIC 1500-36~8201 | 2 20 HEAT BINK 207 MAKE 2000~11—0001 | 2
RADIAL LEAD, BP .30
ca1 CAP.CER, .O0tMF. 3100V | SA101C1024MTR AVX 1900010206 | 1 a2 TRANSIPAD 101N FMETRE | 2800-14-0003 | !
c14 CAP, PILYC, . OIMF. 10OV | CA1R10F pisHo | 1200-41-0304 |1
cile €7 C8& C¥9 CAP, GER, . O1MF, LKV pAR=103 -8 150001009 | & AXTAL 21 VRANS IPAD 831218 BIVAR | 2800-11-0004 |2
€138 C139 C146 G147 C34 CAP CER MON .O1FF CACORZI3UL03Z1004 CORNG | 1300-01-C010 | 3 C11 €36 Ca¥ €30 C53 CDTF CB4| CAP. MET 171-104J160D vesT 1500—41-0434 |7 19 WABHER 3607-45 sEAgT | 2900-11-00t3 |3
SOV, AKIAL POLY. . 1PP. 16OV - - . . . |3
12 RIVET. 178 BODY ©5DA. 8 R 2800-12-00
2127 gvz:g cng €130 €131 CAP CER MON ,0iFF SO0V | 1€2023U103H050B BPRAC | 1300-01-au1: | 13 €13 CAP. YLAR. 1MF, 100V, R\ | PMTZR1, OK100 324 1500—45-0324 |1 DiA. 1/6-3/t6 ORIP 83 -
132 €133 C134 C136 C140 23U +@0/-20% RAD LD DIAL =]
C1a1 C342 €143 .2 10 HOLE PLUO, BINDER 207120241 -03-C101 FASTX | 2800-33—0009 |6
—d €31 €32 C34 AP, HET—POLY. 5%, 479, | 168/, 47/J/63/F MEST 1500-44-7413 |3 HEAD: NTRAL NYLON
02 104 €106 €108 €109 CAP.CER. WON. . 11, 50V, | CACOAZIVIOAZO0A CORNO | 1300-01-0403 | &7 63v RADIAL LEAD P .2
€110 €112 C114 €114 C117 AXIAL i 14 WAGHER. LOCK REQ, S/8 | M8 3333@-133 CMRCL | 2800-49-4000 |9
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I REFERENCE DEBIGNATORG PARY DESCRIPTION ORIG~MFOR—PART-NA oR HAVETEK NO arv/s/PT REFERENGE DESIGNATORS PART DEBCRIPTION OR10-HFOR—PART—NO MFER HAVETEX NO. aTy/PT REFERENCE DEDIGNATORS PART DESCRIPTION CORIG-HFCR-PART-NI FCR HAVETEX NO. aTY/PY D
o4 R44 R3P RE2 RES, MF. 1/84, 1%, 1M RN33D=1004F TRR 4703-03-1004 | 3 9
13 GCREW PLPS PAN M/S HS 81937-13 cmcL | 2B00—46-4104 | 9 R143 R145 Ri45 R147 R148 RES, MF. 1 /84, 1%, 10 SOAZED10R $0OF MEPGD | 4701-03-1009 | 3 R64 R71 R72 RES. WAL, $M. . 1%, F1. | | SOSGRE3IRLE MEPCD | 4701-32-311% | 3
10-0 B8/5 A-X0Y1/4 i
R74 REG, MELM, 1/8M, 1Z, 127X | SOTIROLZ7F MEPCO | 4701-03-3273 |3 AP+IA SMP-12 MPL JrPD RES, O (HM JUMPER JPO2THSC RO 4799-00-0087 | &
s JRPER 441-2071-01-03-10 CAMBN | 3000~00-0034 | 8 SP7T PO
R4 RES, MF, 1/7688, 1%, 1. 3K RNSSD~1301F TRN 47031-02-1801 | ¢
[} BATTERY HOLDER. LITH | BH1000 rEMPD | 2000000173 | 1 CR13 DIODE. ZENOR, 3.1V, IN7S1A FAIR 4801-01-0731 | 1
I COIN CERL R139 R3I3 R34 RSD RES, MF, 1788, 12, 13 RNISD-15R0F TRY £701-03-1309 | 4 300M. 018, IN7SIA
FBL FB2 FBI DAL V42656471 FARIT | 2100—00-0017 |3 R110 RES, MF, 1 /86, 1%, 143 RN3ISD-1630F TRY 4701-03-185%0 | 1 CR1 CR10 CR11 CR12 CR14 DIDDE. WIOH 1INS282 - FAIR 4801-01-%282 | 1%
CORE. FERALTE, 680 OHME CR15 CA16 CR17 CR18 CR19 CONDUGTANCE, ULTRA !
R25 RES, M, 1/78%, 1%, 1. 785 | RNISD-1703IF TR 4701-03-1761 | 1 CR2 CR20 CR7 CRE CRY FASY i
K1 %4 K3 RELAY. 2 FORMC. 3V, DIP | DF2E-DCWV AROMT | 4300-00-0033 | 9 . ="
14 /133 RES., MF, 1/8M, 1Z. 162 RANISD—1620F TRY 4701-02-1820 | 1 CR2! CR22 CR23 CR24 CR2S DIDDE, IN4OO2 CEN 1N4002 FAIR 4801—02-0001 | 14
CR246 CR27 CR2G CR29 CR34 PURPOSE RECT. 100V 1A
K2 K3 RELAY, 1 HDLE—H-DCIV ARCHT | 4500000034 | 2 R43 RA4& RS4 RES, #F, 1/BU, 1%. 200 RNIID-Z000F TRW 4701-03-2000 | 3 CR3% CR36 CR3I7 CRIQ
FORMG, 8V, , 3120, , 2944
R42 R43 RES, MF. 178, 12, 4 RNISD-2001F ™RW 4701-03-2001 | 2 CR30 CRA1 CRI2 CA3A DIODE 1N400OS QENERAL | IN40OS MaT 4806-01—400%5 | 4
R104 R9S RES, Co 1 /20 3%.2. 7 RC-1/72-2R7J STHPL | 4700-23-0T79 | 2 . PURPOSE, RECT IF IER, 600
R& RES. I, 178, 1%, 200K RNI3D~2003F MEPCO | 4701-00-2003 | t [OF VN
R105 R94 RES, C. 1/2M. 5%, 2.9 RC=1/2-2R%J BTKPL | 4700-29—03%9 |2
RZ2 RES. iF, 1788, 1Z: 21, BX | RN33D~R132F TRW £701-03-21%2 |1 CR9 DIODE: RECT. BCH MER 120 moT 4806020120 | 1
R118 R119 R128 A129 RES. ¢. 1/2M, 52, 4.8 RC=1/2=6REJ BTRPL | 470025080 | 4 BARR1ER
R13 R67 NEB, WF, 1/84, 1%, 2. 21K | RRISD-2211F TR 4701-03-2a1t |2
A112 R114 R1:S REE. WF, 1/6W, . 1%, 1Kk RNSSE-1004D mepco | 4701-02-t001 | D CR2 CR4 DIODE 2082-2031 3082-2811 " 4809-02-2811 |2
R13 RES, 1%, 1/84. 1%, 274 RN33D-2740F TRY 4705-02-2740 |1 SCHOTTKY, 15V, 2084
A100 RES, WF, 1/6W.. 1% 10K RNSZE-10028 mEPcO | 4701-02-1002 |
R&69 R70 REE. IV, 1/B8, 1%, 20. 70 | RNSSD-2872F TR 4701-03-2872 |2 CR4D IRIDGE ASSY, 4 AW RB602 DICDE | 4899-00-0037 | L
R?7 R7B RES, WFLM, 1/6W. . 1%, 1. 1 | 3030RE11018 MEPCO | 4701=02-1101 |2 C
K RiB R33 RI7 RED, MF, 1/8%. 12. 3. 32K | RN35D-332(F TRY 4701-03-321 {3 CRo LED. OREEN: RECT BAR LTL-323tA LITE 4899-00-0057 | 1
Ri23 R2 AES, MF, 1/0W, . 1%, 1. S& | RNIIE-1301B cOMNO | 4701-02-1902 | 2 R29 RES, M. 1 /8%, 12, 3. 43K | RNS3D-3431F TRH 4701-03-3831 |1 Qs a7 TRANS DWRTF0IA PNP 22054 NG 4901-02-9051 | 2
ASSEMELY NO, HEV TITLE ASSEMEL ? NG. REV TITLE ASSEMBLY NO. REV
WavETEK = - 1208-00-3000 WAVETEK 1208-00-3000 WAVETEK 1208-00-3000
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PAGE & 1 PACE 6 PACE 10
REFERENCE DESICNATORS PART DESCRIPTION DA IG-MFOR~PART-ND rFoR HAVETEX NQ ary/PT REFERENCE DESIONATORY PARY DESCRIPTION ORI G- OR-PART=NO MFER UAVETEK NO, aTv/PT REFERENCE DEBIGNATORS PARY DPESCRIPTION ORIG~MFER—PART-NC FECR WAVETEX NO. aTY/PT
) CENENA. PURPOSE TO-3
R99 RES, WF, 1784, , 1% 3K RN33E-20018 MEPCO | 6701-02-2001 |1 R102 RES, WF, 178w, 12,3, 744 | RNISD-3743F RN 4701-03-3741 |
01 a3 04 G8 09 TRAKY G904 NPN 2N3904 FAIR 4901-03-9040 |3
R%0 R91 RES, MFLM, 1 /B4, . 1% 232 | S03IREZIZ0D MEPGO | 4701-02-2320 |2 R107 R99 RES, I, 176, 1%. 392 RANSSD-J520F TAK 4701033920 | 2 GONERA. PURPOSE TD-92
A73 REQ, LM 1/04, . 12,2, 3 | SO33RE23918 MEPCO | 4701-02-2331 |1 R106 R108 R117 R121 Ri2é REB. M., 1/8w, 1Z, 3. 92X | RK3DD=2921F TRE 4701-03-292t | ¢ a2 TRANE N304 FNP 2306 FAIR 4901039080 | 1
Py R127 R47 R9& R97 CENERAL PURPDSE TO-%2
Al R113 R3 REG. MF. 1 /78M. . 1%, 3K RNS3E=-30018 MEPCO | 4701-02-3001 R10% RES, MF, 1 /B4, 12, 40. 2 RUSSD=40R2F TRU 4701034029 |1 03 TRANS, CENERAL aN8122 NSC 4901-04-1220 |}
PURPOSE, PNP, TD-92
RB& RB7 RES, NFLM, 1/8W, . 1%, 6. 7 | SOSIRELTIIR HEPCO | 4701-02-4731 Ri1h R2120 R12D RIS1 R27 RED, 1F. 1/8. 1%, 457 RNISD—4590F TRM 4701-03-4990 | ®
E a1l 012 TRANS VN1 ORH RCON | 4903-00-0100 |2 B
R131 RJIl R3IZ R4O RES, BF, 1/6M, 1%, 4. 99K | RNS3D—-4991F TRE 4701-00-4991 | 4
RE8 RBY RES. MFLM. 1 /64, . 11, 8. | BOIIRESBLFD MEPCO | 4701-02-6819 |2 Q10 TRANS TIP-34 T 4902-00-0340 | 1§
1 R12 R14 RES, MF, 1/68, 1%, 49. 9K | RRSSD—4992F TRY 4701-00~4992 | 2
BHL BWITCH MIN 39-408 CRAHL | 9102-00-0013 | !
R4 REB. WF, 1/6M. , 12. 730 ANSSE-73500B PEPCA | A701=-02-7300 1 LI3Y RER, FF, 3 /. 30 374 RN33D=3760F TR 4701-03-3780 i PUSHBUTTON, BPET BLK
R101 R103 A122 At24 R129 RES, MF. 1 /84, . 1%.7. 3k | ANS3E-73018 MEPCO | 4701-02-730% | & RB4 RO3 RERB, MF, 1/6W, 3%. 404 RNSSD~A040F TRY 4701-02=46040 | 2 uv1 DAC, SERIAL INP, 18 PCrSEP BURR 7000—00-3400 | i 1
A132 BIT.HINC
A132 RES, MF. $ /M. 1%, 81. 9 ANSSD—61R9F ™H 4703-00-6199 | 1 |
RE1 RE2 RES, "FLM, 1/6M. . 12,73 | SOXIRETSOR HEPCO | 4701-02-720% |2 Ras RER, ¥, 17640, 1% as o VR3 VR? VOLT REGIR.ATOR, 2 e 7T NSC 7000-03-1700 | 2
N3 ) 1%, 681 RANSSD—4I10F U] 4701-03-4030 |1 TERMI AL, ADJUSTABLE
Ri47 Ri& R17 R4d RS0 REB. MF, 1/6M, 1%, 100 RNS30-1000F TR 470)1-02-1C00 POS
RBC RE3 LRES, MFLM. 1/88, 12,73 SOTMOTSROF MEPCO | 4701~03-750% |2
21 R24 A20 A0 RIG RA0 RAJ| RES, MF, 1/BH. 1%, 1K RNSSD~1001F TRH 4701-03-1401 VR4 VRO VOLT REGULATOR 37T NG 7000-03-9700 | R
R&A R3S RES, WF, { /B, 1%, 78. 7 EN33D~TBR7F TRE 4701-00-767% | L I
UL U3 nUX, CKOS. D 4C., B DEIOBAC SEON | 7000050800 | 2 |
RIC R11 R13) R23 R36 RS RO7| REG, MF. 1/BW. 1%, 10K RNSSD-1002F TRW 4701-03-1002 | 10 R23 RES, I, 17/, 1%, 8. 87K | RN33D—B871IF TRH 4701-03-6671 |1 CHANSTAML 4 CHAN ANAL —
R62 RO RY
R19 R20 R3I? REN. WF, 1 /8K, 1%, 9. 09K | RNSOD-909F TRH 4701-03-9091 |3 vze COMP,RATOR, ULTRA LT1014CN8 LINTE | 7000-310~1600 | &
R7 A79 R92 RES, 1F, L /84, 17, 100K RN3S0~1003F TRH 4701-00-1003 | 4 FAST, 10NS
R73 R7& RES, MFLM, 1/4W, . 1%, 49. | S043RE49R98 HEPCO | 4701-124%99 |2
TITLE ASSEMBLY NO, nev nrie ASSEMOLY NC. REV TITLE ASSEMELY NO. nev
WaAVETEK 1206-00-3000 WAVETEK 1208-00-3000 WAVETEK 1208-00-3000
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iov. B PIN DIP
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us MICROPRUCESSBOR. 89IT HCABOIL T B000~68-0300 1
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| none PCA SUB ASSY. OUTPUT | 1208-00-3002 EVTH 1208-00-3002 |1 (IN753A)
H 8D 1282/288 ca2 CAF, VAR, 3. 3-1JFF250V [ 300448-413 sTen 1300-31-3010 | 1
t [B9 L FXD 2.2 UHY +/-10Z | 1681-222 DELWN | 130. 9220 1 |
° SHIELD, DUTPUT BOARD |1400~02-3403 WUTH |1400-02-3407 |1 Seo 1 | pen. ouTPUT BD 1700-00-3002 Wtk | 1700003002 | 2
& MEATSIMA. QUTPUT 1400—02~3413 TR 1400-02-3423 |1 €108 CAP. CER 0211-00019 WVTX 1500-00-30t1 |t =2 CHOKE, 3. JrH, 102 193724 DLVAN | tBOO~00—000& | 1
B0ARD DISK. SPF, 1KV, 102
¥ P11 CONN, HEADER, 2% 162983~7 are 2100-02-025% | 3
s ITHERMAL CASXET~OUTPUT 3400-02-4420 TR 1400-02-4420 |2 €102 633 €59 CAP. CER, 10PF, 100V, AX] | £ACORC00100J100A CORNG | £300—01-0006 |3 PIN, RECPT, 2X12. .1
i AL CTR, PCKT
| 2 PE BD EJECTOR B7-2-< pRIT  |ZEO0-07-0032 |2 v
H €16 C19 €24 C2% C43 CA4 CAS| CAP CER MON . OIMF CACOZZBUIDIZ1004 CORNG | 1500-01-0310 15 P1D CONN. HEADEY, 4D 1-202385-2 AP 2100—02-0256 1
| o WASER 2807-150 ses™M  |2800-11-0015 |6 Ca6 CA7 CAQ C4F CS0 C31 Cad| SOV. AXIAL PIN. RECPT. 2X20, .1 CTR p—
{ ca7 PCHT
(R} SCREW, 4=40X3715, PHP. N [4=40 X 3714 CHRCL 2800234102 i
YLOX PATCH €10 C12 C13 €16 €17 C20 €23| CAP, CER. MON, . 1MF, 30V, | CACOIZIU104I030A CORNG | 1300~01-0403 | 44 ™3 P8 TEST PQINT.ELK. PC TP-104-01-00 corRg | 2t00-04-00%4 | 2
€268 €29 €30 €33 CI2 C3I4 CI3j AXIAL
TS UASHER. LDCK RES. S/S |MS 38338-133 eracL  |zeoo—az—ac00 |7 €36 (37 €39 €39 C41 CA2 C52 TPL TP1O TP2 TP4 TP& TP7 TEST POINT,RED,PC TF~104-01-02 comep | 2100-04-00%3 | 6
M €35 CS56 €37 C& C60 €41 Ca3 T™O P9
€48 €7 €70 €72 C74 (T4 €78
7 GCREW. 4-40X2/8 4—40 X /8 PH, SL CHRCL ZB00—26-9106 |4 €79 c8 c80 CB1 €83 CB4 €7 L] TRANS IPAD sa1-z218 FIVAR 2800—-11-0004 7
PHP. NYLDK PATOM. 2 €9t €92
NONE HEATSINK, TO3. EPOXY 260~-413E WAKE 2800-11-0031 7
c71 €73 €77 CAP. CER. 15PF, 100V, ASI | CACO20OC 150J1004 CORNEG | 1500-01~3004 | 3 ns
i AL
H |10 HEATS 1N, 14-3& PIN 5028 AAVID | 2000-11-0034 |2
| ¢34 €90 CAP. CER, 1. SPF, 100V, AX | CACO2COG IRSV100A CORNG | 1500-01-9900 | 2 ! DIP, ALUM BLK
| AL 1 AN, CLIPON
i
! €11 ca0 CAP, CER, 22PF, 100V, AX1 | CACA2COG220M100A COANG | 1500—02-2006 | 2 T SCREW, 4-8DK3/ 16, PHRN | 4-40 X 3714 cmeL | 2800-23-4103 | & c
[ A YLOK PATCH
|
TITLE ASSEMBLY MO, 1100 3002 Liid TITLE ASSEMBLY NQ. REV TIT: ASSEMBLY NO. REV
WaveETEK e B e e . WavETEK 1208-00-3002 WaAvETEK vt 1208-00-2002
f PARTS UST PCA SUB ASSY, OUTPUT BD PCA SUE ASSY. OUTPUT BD
| PASE 1 PARTS LIST 1zZ88/288 PARTS UST 1208/288
PASE 1 PACE 3
-
| REFERENCE DESIGNATORS PAAT DESCRIPTION ORIG—FER=PART-NO R WAVETEX NO. aTy/PT t REFERENCE DESICNATORS PART DESCRIFTION CR IB=RFCR—PART-NO MFCR HAVETER NO. aTvsPT
i I
c104 AP CER MON 2. 7PF 3OV | CCDZN7DNPO ARCO 1500—02-7305 | 1 FB1 FB2 FEJ FB4 FBS | BALLN 2943666671 FARIT | 3100-00-0017 | S
CORE, FERRITE, 480 OHMS
<75 CAP. CER. 3&PF, 200V, |CACORCOG360J1004 AV 1500-03-6001 | 1
+/-5%, AX K12 RELAY. 2 FORMC. 3V, DIP | DF2E-DCSV anorT | 4500-06-0633 | 4
14
cse CAP, CER, 47PF, 200V, X1 | 1ACO2C0G470J100A CORNO | 1500-04-7004 | 1
AL Ki K10 K11 K13 K14 K2 K3 K3/ RELAY. 1 * HD1E-M-DCSY AROMT | 4500~00~-0034 | 12
K& U7 18 W9 FORMC, SV, . D&M, . 296H
c101 CAP, CER, 5. 1PF, 100V. AX | JACOCTGIR1J1004 CORNE | £300—C3~1906 |1
AL R100 R101 R10Z R10F R1O4 RES, €. 1/24. 5% 10 RC-1/2-100J STXPL | 4700-25-0100 | B
R10S R106 R107
cas c¢es caz <ee CAP, MICA, 910PF, 100V, 1 | H15-911F ARCO 1800-19-1101 | 4 B
2. RADTAL R10 R% RES, G, 1/2W, 5%, 220 RC=1/2-2214 STRPL | 4700-25-2200 | 2
C62 €53 Cob CoT CAP, ELEET, 10MF/23% MRE 10/43 NIC 1500-31~0002 | 4 Rl RES, €, 1/2W. 3% 620 RC-1/72-621% STKPL | 4700-23-4200 |1
RADIAL LEAD, SF .10 )
R120 RES. MF, 1/BW. , I%, 1K RNS3E-10018 mepco | s701-02-1001 |1
ca4 €S CAP, ELECT. LOOMF, 33V NRELO1MISVEXLL NIC 1300~31=-0102 2 |
RAD1AL LEAD, &P .20 R129 | RES. MF, 1/84, . 2. 2K RNISE—20018 rePce | 470t-02-2001 |t
€1 ¢2 €2 CAP.ELECT, 100VFF/1&y | VAZ102M16V4. 3211 NI 1300-31-0113 |3 | R49 R3O0 R31 R32 R®3 ' RES: MF, 1/8W, . 1T, 430 RNCSSE4300BJ MEPCO | 4701—02-4300 |3
AADIAL LEAD. EP .20 .
! 76 pE3 RES, HF, 1784, 1. 100 ANS3D—1000F TR 4701-03-1000 | 2
C1e Ci3 €246 €27 CAP. ELECT. 22007, 25V, RA | BRAZIVBZZRMOXTLL UnCON | 1300-32-2002 | 4 1
DIAL RIZ3 R125 R127 Ri4 R143 RS | RES. MF, 1/84. 1%, 1K RNSSD—1001F TRW 4701-02-1001 | 7
re82
[~} CAP, ELECT: 4, TI¥/80v | ECEAIHVER?ISE PANAS | 3300-34-7903 |1 i
RADIAL LEAD. SP .10 R131 RES. MF, 1/8W. 1%, 10K RNSSD-1002F TRW 4701-03-1002 |} |
ce2 ca9 CAP. MET 171-1040140D | wesT 1300-41-0434 | 2 RZ04 R20% RES. MF, 1/0% 10M 3QIIYL10MOOOF MEPCD | 4701-03-3005 |2
PXY, . 3PP, 160V
' R3S R36 R91 R76& R97 R99 ATY|RES. MF, 1/@&. 1. 10 3043ED1 OR100F MEPCO | 470:-03-1009
cy CAP. MYLAR, . 00471, 100 | 225P472914D3 SPRAG | 1500-44-7264 | 1
A
TITUL ASSEMBLY NO. REY ASSEMELY NO, REV
WAVETEK € * 1206-00-3002 WavETEK TITLE 1208-00-30C2
PCA SUB ASSY, OJTPUT ED PCA QUE ASSY. OUTPUT BD
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1S DOCUMENT COMTAINS PROMULTARY 0 O R ThOn | ey | Eco 1 4 I OaTE l L2
360 DELAON WLLORCING TO WAVITIR AND MAY HOT
(mmntmm-mlwrmm
FURATION. AMD MAINTIRAMCE WITMOUT WRITTEN Au-
WORTATION
[ D
| REFERENCE DERIONATORS PART DEBCRIPTION OR 1 O—FF OR—PART—RC MR NAVETEX NO, aTY/PT REFERENCE DERIONATORE PART DEECRIPTION ORTO~AFOR-PART—NO FFOR UAVETEX NO. aTY/PT REFERENCE DEGIGONATDRS SART DESCRIPTION OR [0~HFOR—PART =MD MFER WAVETER NO aTY/PT
R&7 REB. HF, 1768, 1%, 110K | RNSID=1103F ™Y 4701-03-1103 | 1 R22 R24 R&I R&4 RS A70 R7L|RES. MF, 1/8, 12499 RNISD=-4990F TR 4701-03=4990 | 10
R72 R73 R74 at7 as as TRANS 2M4771 PNP INIT7Y NS¢ 4901-03-7710 |3
A3 REG. WF. 1 /64, 12, 1. 21K | RNSSD-1211F TRW 4701-02-1211 |1 SWITCH TY-52
R141 R206 RES. MF, 1764, 1Z, 4. 99K | RNISp-A99IF i 4701-03-4991 | 2
R119 R120 R121 REB. FLN. $ /8M, 1%, 12. T | J03IRDIARLF MEPCO | 4701-03-1219 |3 a1 TRANS, HOND. DUAL, NPN | 1L5312-32 LINSY | 7000-06-1200 |1
R139 REB. 1%, 1708, 1%, 499K RN3SD-A993F TR 4701-03-4993 | 1
Rag RED, W&, 17884, 12, 124K RNSSD-1243F TRW 4701-03-1243 |1 w7 uw aP AMP, WIDEBND, H1 SL | MAT3-2343-3 HARIS | 7000-23~4200 |2
R47 R68 RES. MF, 1760, 1%, 2. 7 | RNIID-49RIF CCANG | 4701-03-4999 | 2 RTE. HI OJT
R38 RI? RES. MF, 176W, 1%, 14. 3K | RNDOD—-1432F TRY 4701-03-1432 |2
r19 RER, IF. 1/88. 1%, 511 RNSSD~5110F =Y 4701-03~3110 |1 urt oF AMP,HI SLEW reIa0a1P mat 7003-40-8100 | 1
RBY RES, MF. 1784, 1%, 150 ANISD~1300F TRM 4701-00-1500 | 1 ATE, WIDEND. JFET. §TD
R4S R4S REB, MF, 178, 1%, 37, 6K | ANISU-D742F TRW 4701-03-8762 | 2
R7? REG. #F, 1784, t%. 1. 3K ANSSD-130tF TRE 4701-03-13501 w 0P AP, HI BLEW HC34081AP rar 7003-40-8103 | 1 -
R132 R1T? RES, WF, 1764, 1X, & 19% | RN3OD-a191F TR 4701-00~4171 | 2 RTE. W1DEBND, JFET, PRIN
ABs R94 REB, MF, 17604, 1% §9 ANISD-13ROF TR 4701-03-1309 | 2 E
Rs . REB. MF, 1/6W, 12, 68. 1 RNSSD-68R1F YRN 4701-0G-4819 |1
R142 RES. MF, 1764, 12, 16, 3K | RN3SD-14632F TRW 47010314632 |1 10 oF ArP, Hl BLEW RHCIA0B2P nar 7003-40-8200 |1
R2 REB, IF, 1 /6%, 12.90. 9 | RNSSD-9ORI TRM 4701-03-909% | 1 RTE, WIDEUND, JFET DUAL
Ri2 R13 RES, #F, 178, 1T, 4. 78K | RN33D-1781F TRY 4701-00-1781 |2
R112 RES. FFLIL 1744, . 1%, 249 | SOSIRERAF0B rEFCa | 4701-12-2¢%0 |1 us ue BW, OUAD ANALDO, CHDS | DG2ticCJd SLEON | B000-02-1100 | 3
R133 R134 R133 R1MS REB. MFLM, 1 /73M. 1%, 17. 8 | 303IRD1702F MEPCO | 4701-03-1782 | 4
% R143 ROO RES, MF. 1744, 1%, 1. 5% RN&OD 301F TRW 4702-13-1301 | & v DECODER/OEMUY, 3 TC B | SNTAALS136N T B8007-41-3800 | ¢
LINE
R203 RES., M, 1/6M, 1%, 3, 96K | ANSSD-1941F TRW 4701-03-1961 | 1 f112 R114 REB. 1WFLM 16, . 1%, 61. 9 | S033EHIRID FEPCD | 4701-T2-4199 | 2
(-~ W) FLIP-FLO®. OCTAL D GNTAML BSTAN T1 8007-43-7430 |3
R17 RES. HF. 1 /B4, 1%. 200 RNSSD-2000F TRY 4701-03=2000 H108 R109 Ri17 R1i8 ﬂg- W, LK. 23X, T2 203316 100R0C HMEPCO 4701-38-1000 5
1
R/18 RZ3 RAB RIY RE A7 REB, /7%, 1/86. 1%, 2K RNISD-2002F ™Y 4701-03-2001 | &
RLiLe REY JE-] 41185/-001-102 BOURN | 4770-00-001%9 |3
R32 RES. MF, 1/8M. 1T, 2, 22K | RNSSD-2211F TRH 4701-03-22t1 |1 16PIN DIP C
l R34 RS& RIG RSO REB. WF., 1760, 1%, 226 RNL/4 326 1X T1 STKPL | 4701-00-2250 | 4 Pl REE. O OHM JUMPER JPOTLE6 ROHA 479000087 | 1
|
WAVETEK TTLE ASTHALYNO. o o s0c2 REV WAVETEK TImLE ASSEMBLYNO. - 06-00-3002 ey WAVETEK e SEMBLYNG. | 208-00-2002 nev
PCA SUB ABSY, OUTPUT RD PARTS PCA BUB ASSY, DUTPUT BD PCA BUEB ABBY, OUTPUT BD
PARTS UST | izsasass LIST 1200/288 PARTS UIST Ay
1 PAGE B PARE 7 PACE 9
.
—
REFERENCE DESIONATORS PAAT DESCRIPTION OR [O-rFOR-PART-NO MFGR MAVETEX NQ. aTY/PT REFERENCE DESISNATORS PART DEBCRIPTION DR IO-HFOR=PART-NO MroR BAVETEX NO. aTy/PT
ABO RER. IF, 1/8W. 1%, &3. 7K | RN33D-2372F TRW 4701032372 3 R79 RE1 REB. CARBON. 1/24; 9%, IK | RCRUO-9=102J5 Al | A70R-00-0213 |2
R202 R30 R34 R&9Y RES, WF, 1/6u, 3%, 24% RNSID-2490F TRW 4701-03-2490 | 4 CRa4 DIODE. ZEMOR, 3. 1V. IN731A FAIR 4801-01-0751 {1
S00tM, OIB, IN73IA
R122 R126 A124 R128 RI7 R40| RES. WF. 1/0W, 1%, 2. 49 | AN3BD-3491F TR 4701-03-2491 | 9
R43 RA& RSB CR10 CRL1 CR14 CR1D CR1é6 DIODE. HIGH 1NS282 FAIR 4801-01-3282 | 32
CR17 CR18 CRL? CR20 CR21 COMDUCTANCE. WTRA
R201 REB. WF, 1/6M. 1%, 24.9 RNY3D~24RTF TRM 4701-03-2499 | t CR24 CR23 CRR4 CR28 CR29 FAST
€R30 CR3L CRR2 CR3A CR34
R140 R41 RA2 RED. W, 1 /68, 1%, 28, 7% | RNS3D-2072F TRY 4701-03-2872 |3 CRIS CR36 CRI7 CRIG CRID
CR40 CRAI CRA2 CRA3 CR& CR7
R12 R1& REB. 1, 1768, X, 332 ANSI0—3A20F TR 4701-03-F20 | 2 CRE B
R147 R148 R7S R7D ARG RB4 RAEB. 1F. 176w, 1%, 22. 2 RNISD=33RZF TRM 4701-03-3329 | & CAl CR2 CR3 CW4 CR4S CRS DIODE So@2-2€1:1 3082-2811 He 4905-02-2811 | 6
BCHOTTRY. 15V, 20MA
R20 RES: WF. 1/76W, 1%. 372 RNS30-2920F TRW 4701-03-2920 |1t ]
a1s TRAND MZZ194 NPN 222194 NG 4901-02-21%3 | 1
RA3 RIS REB. FF, 1 /68, 12.39. 2 RNSSD-JMZF TR 4701-03-2929 | 2 CGENERAL PURPOSE TO-S
RZ2 R2s6 RI7 RES. MF, 1 /8. 12, 4. 02K | RNSID-8021F TRM 4701-03-4021 |3 a1: o7 TRANS, SILIEON, PLANAR, | 2N2269A war 4901-02-349t | 2
EPITAXIAL, NPN, TO-18
R200 R31 R33 REN. NF, 1780, 1%, 40,2 | ANISD~40R2F TRH 4701-03-4029 | 3
at 410 alé G2 TRANZ. NPN. TO-92 2N3383 FAIR 490t-02-3630 | 4
R110 RES. MF. 1 788, 1%, 41. 20 | RN3TD~4122F ™Y 4701-09-4122 | 2
a9 G20 021 TRANS, WPN. TO-39 anN3728 FAIR 4901-02-723%0 |9
R138 RES, I¥. 1784, 11, 82. D4 | ANIID—4323F TR 4701-05—4332 |1
a24 Q3 Gb TRANS 2NI904 NPN NI704 FHIR 4901-03-9040 | 3
R33 R97 RS9 R61 R6R REA, W, 1/84, 1%, 453 RNSS0-4530 TR 4701024330 | 3 CENERAL PURPOSE TO-92 =
R1 Ri11 R11S RES, IF, 1780, 1Z. 4. 730 | RHISD—-4231F TRW 4701-03-4731 |3 a12 ai3 a2s o4 o] TRANS, GENERAL ;N2 MEC 4901-04-1220 | S
PURFDBE, PNS, TO-92
Rid: RES. ME. 1/6W. 11, 47. 3K | RN3ID=4732F TRM 4701-03~4732 | 1
ae a2z @3 TRANS 2NI160-18 MoT 4901031600 |2
TITL ASSE| ¥ RO, ALV TITLE ASSEMBLY NO. REV
WAVETEK E MILYNO. | 208-00-3002 WAVETEK PCA U ABSY, OUTPUT il
PCA SUB ASSY, DUTPUT BD PARTS LIST A f 1]
PARTS LIST 1288/280 1288/280
PARE & PAOE 8
REMOYE ALL TLERS ] DTS
ArD BAEAK GRARP IDGES AV E I EK fam P ¢ CaL¥ OMED A
MATERUAL cCaI0 - -——
T
[T
o e PARTS LIST
TR oY QUTPUT BOARD
F10ASH
WAVETER pAOCESS
ml'“m“ﬁ‘- g:‘nu SIZE |FSC WO, OWG. 80 Ky
TOLERARC) "
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PRODUCED Fi
EMATION, AND MAINTEMANCE WITHOUT WRTITEN AU-
THOWZATION -
REF| S T ART DE! TION 1G-IFOR~PART WAVETEX NO. ary/PT
] ERENCE DESIONATORS P SCRIP o i -Ha R X AEFERENCE DESICNATIRS PART DESCRIPTION UM IO-PFOR-PART-NO MFoR | MAVETER NO. | aTvspT REFERENCE DESIONATORS PART DESCRIPTION DR1G-HFER-FART~ND MFOR __ HWAVETEK NO arvser | | D
i
NONE HEMATIC, FUNCT! 0103-00-3004 WX 0103-00-0C04 1 |
32,“‘{.;: Tom 2 CAL CA24 CRI2 CRZI CR34 & IR 4. 2V BX 400MN N334 ROWY | 131, 9620 3 v7 COMNN, NEADER. 24 102985-7 AP 2100-03-0253 |t
CANZ33A) PIN, RECPT, 2X12. . 1
| NONE IPCA SUB ASSY, FUNCTION 1208-00-7004 |1 CTR. PCHT
| GEN BD 12887256 co8 CAP, CER, 10PF, 100V, AX1 | AACOICO0 100S1004 CORNG | 3900-01-0004 | 1
= N COMN. HEADER, 40 1-102583-2 e 2100-07-0256 | 1
99 AP, CER. 100PF, 100V, AX |GACORCDO. QOAL NG |1300-01-0308 |1 PIN, RECPY. 2X20..1 CTR
f,u_' + 300w L0:9 e, |6 €17 CAP, CER, 100PF, 100V. AX | CACORCOS101JL00A CORNG | 3300-01-0106 | & Pt
TAL
2 FC BD EJE gr-2-¢ T 2800-07-0022 |2 TP1 TP1D TP1é TEBT POINT, HLK,PC TP=104-01-00 cmPo | 2100-04-0034 | 3
eToR s 51 €1 €12 €13 C14 €18 CL14 C18 | CAR. CER, MON, . 1MF, 30V, | CACGIZHU104Z0504 CORNG | 1300010405 | 57
€2 €20 C21 €22 €23 €29 €27 | AKIAL TP1i TP12 TP1Q TPL4 P13 TEST POINT, RED. PC TP-104-01-02 COMPD | 2100-04-0033 | 13
i €28 €I €31 €33 €I7 €I9 C40 : TP2 TPJ TP4 TP3 TP6 TP? TPD
C41 €42 C44 C43 C4E C3ID C54 TPY - .
€34 CI9 ChO Ch1 CAD Ca4 €4S
€72 €73 C74 C75 €74 C77 €70 FR{ FB2 FB2 FO4 FBS BALUN TIAIbL 647 ) FARIT | 3100-00—0017 |3
€79 CBO CA2 CE3 CB4 CRS CB) - CORE., FERRITE, 480 OHN3
| €07 CBA €7 €91 €92 €92 €94
c9s K1 KZ K3 K4 RELAY, 1 HD1E-H-DC3V AROHT | 4300-00-00T4 | 4
i FUORMC, 3V, . 312H. , 2964
cv6 CAP, CER, 120FF, 100V. 5% | CACO2COS121J100A CORNG | 1500~01-2108 | 3
+ AXIAL R25 R24 R30 R31 RI2 R33 RE7| RES.MF, 1/8W. . 17,101 RN9SE~10028 MEPCD 4701-02~1002 7
t C67 CAP, CER, 1SPF, 100V, AX1 | CACO2C0G130J100A CORNG | 1300—01-3004 |1 R&8 RES, MF, 1 /6, . 12, 100% | RN3I3E-10G38 MEPCO | 4701~02-3003 |1
L
[ R&Y REE. HFLM. 3/8W, 0. 12. 1 CHF-33-1C004BT-9 DALE 4701-02~1004 1
i £90 CAP. CER. 1. 3PF, 100V, AX | CACDZCOSIRIJL00A CORNG | 1900-01-9706 | 1 or
i TaL
] ) R34 RI7 RES.MF, 1/64,. 1%:1. 9% | RN35E-1301B CORNG | 4701-02-1501 |2
} €29 €30 €32 €34 CAP, CER, ZXPF. 100V. AXI | CACO2CDGIZ0U100A CORNG | 1900-02~2006 | 4
| AL R102 R&3 REI RI2 R9P& REB. MF, 1764, 1%, 100 RNIID-1000F TRY 470:-03-1000 |3 c
i csy cse CAP, CER. Z20PF, 100V, AT | tACORC0RZ21J1004 CORNC | 1900-02-2106 | 2 R105 R&4 RES R4 R9E RES, HF, 1780, X, 1K AN3ISD-L00F TRY 4701-03-100t | S
IAL
\ﬂ/ VETE TITLE ASSEMBLY NO. 3 100~00—3004 REV TITLE ASSEMELY NO. REY TITLE ASSEMBLY NO. REV
A K 1 ABSY, FUNCTION OENERATOR 8D J WaveTEx 1208—00-3004 WavETEK 1208-00—3004
WTS LlST m Llsr PCA BUB ABSY, FUNCTION CENM BOD a PARTS LST PCA GUE ASSY. FUNCTION CEN BD A
PAOE 1 1269/280 1288/268
PACE 1 PAGE 2
’
REFERENCE DES1ONATORS PART DESCRIPTION ORIC-PFOR =PART-NO WFCR WAVETEX NO. [ aZial REFERENCE DESICNATORS PART DESCRIPTION ORIG-MFCR=-PARTVNO MFCR HAVETEX NO. aQTY/PY
R{3% Rid6 R2@ R3 R3S RA7 R3| RES. MF. 1/6W. 1%, 10K ANIID~-1002F TAW 4701-03-1002 | 7
€10 €70 €71 CAP, CER, . 220, 23V CHIOCIZAR CRL 1300-02-2409
A11 R12 R131 RA8 R74 RES. MF, 176U, 1%, 100K AN33D—-1003F TRU 4701-03-1003_ | 3
civ cot CaP, CER, Z30PF, 100V, AX | SAC02CDS331J100A CORNG | 1300~03-3106 | 2
1AL R78 AES, MF. 1/6W. 1%, 1M RN35D-10QAF TR 4701-03-1008 | |
C11 Chs CAP, CER. 3300PF, 100V. Z | CACO2X7RIIINL00A coaNe | 1300-03-3206 |2 R21 R23 R0 R34 RI9 R71 R73| REG. WF, 1784, RO 3033YD1OMO0OF MEPCO | 4701-03-1003 | 7
OF, ATTAL
! R113 Rii4 RI9 R34 Red RIO | RES. MF, £/8W, 1%, 20 S04JED10R 100F mEPCO | 4701-03-2009 | %
€39 €36 C49 CS1 CAP. CER. 470F, 100V, AXL | CACO2CO0470J100A CORNG | 1300=04~7006 | 4 R7% REY RO
A
R¥3 R9S RES, MF. 17686 1%. 1. 1K RN4SD-1101F TRW 4701-03-1101 - B
3 CAP. CER, 4700PF, SOV, 3% | 972CCO047RCO030E SPRAC | 1300-04-7213 | ! f—
A141 RES, MF, 1 /8H. 1%, 110 RANSSD-1102F TR 4701-03-1102 | !
ca4 C26 CAP, CER. 680PF, 100V. AX | CACO2CO04R1J100A CORNG | 1300—0&—8104 | 2
1AL i R33 R3E R&2 RES. b, 1/654, 2%, 13K RNIID- L S02F TRH 4701-03~1%02 | 2 |
c6 ca CAP( ELECT, 100MF, 33V | NREJO1MIIVEXLL NIC 1300-31-0102 | 2 R121 RE9 RES, MF. 1/8M, 11, 182 RNS3D-1E20F TRY 4701-03-1820 | 2
RADJAL LEAD, BF .20
Ri22 RES., 1. 1/8b. 1%, 2K RNISD-2001F TRW 4701~03-2001 | ¢
cs €5 €7 | €AP, ELECT, 10007, 25V. R | RRE101FZ3V4. BX1L NIC 1900-31-0122 |3
ADIAL LEAD~EP 9IZE R42 R44 RES. MF, 1/8W. 1%, 20K RNIBD-200F TRW 4701-03-2002 | 2
€38 c4d CAP, ELECT, 222, 29V. RA | SRAROVEZZRMAXTLL UNCON | 1700~32-2002 | 2 R110 RES, 1F, 1 /B4, 1X, 21, 9 RNSSD-21RDF TR 4701-03-219% |1
DIAL ]
. R100 R104 RES, MF. § /8%, 12, 2. I7K | RNSSD-2371F TRY 4701-09-2371 |2
€33 ca2 CAP, MYLR, . DATHF, 30V | C3RATIF BPAC | 1300-44-7302 | 2
[TH) RES. WF, 1 /8. 1%, 23, 7K | RN3SD-2272F TR 4701-03-2372 |1 ||
cs2 CAP, HYLR, . 47PF. 30V CIRATAF ELPAC | 19500-44-7403 |t —
R109 Rili RES. MF. § 760, 1, 249 ANSSD-2490F TRW 4701-03-2490 |2
1 PCH. FUNCTION 1700~00=3004 WK 1700-00-3004 |1
CENERATUR B30 RL R13 R2 R33 R4 R4C R? R7R| RES, MF. 1/BY, 122 490 | RNISD-2471F TRW 4701-03-2491 | 20
R73 RY4
Ti L] 0. REV nt ASSEMALY NC. REV
WAVETEK . ASSEUBLY MO, 209-00-3004 i WAVETEK "Tee 1208-00-3004
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PARTS UST e s PARTS LIST 1268/ a0
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L mmmmum: EXCUPT CALIRAATION,
OFMEATION, AND MAMTEMANCE WITHOUT WaITTEM AU
TROMIATION,
REFERENCE DESIONATORS PART DESCRIATION ORIO—FOR-PART-NG HFOR HAVETEX NO. 9TY/PT REFERENCE DESICNATORS PART DELZRIPTION OATO-HFOR—PART—NO MFER WAVETEX NO. arTv/PT D
cRa2 DIODE, 7ENOR. S.1V. IN7S1A FAIR 4801-01=0731 |1
R43 RES. MF, 1/8%, 1X. 24, 9% | ANSID-R492F TRW 4701-05-2492 | 1 sooMd, 18, IN7TS1A
R130 R22 R24 RES, MFLM, 1/68W. 2. 491, ¢ | CHF--382494F T-6 DALE £701-03-2494 |3 C€R1% CR12 CR13 CR14 CRIS DIODE, HISK INS2B2 FAIR 4801-01~3282 | 24
x CRi& CR17 CA1O CRI19 CA2 CONDUCT.ANCE, ULTRA
CR20 CR2L CR22 CRJ7 CR26 FAST
R1ZS RES, MF, 1/6W, 13, 27, 4 RNSSD~27R4F TRE 4701-03-2749 |1 CR29 CR3 CR3QG CRAL CRIT
CR4Q CR43 CR44 CRS
R103 Rt10 RES., M7, 3 7664, 1%+ 2, B7X | RNDSD-2871F TRW 4701-03-2871 |2
CR2J CAR4 CRIS CR36 CRAT DIODE. VLTRA FAST D777 FAIR 4907-02~0777 | B
R115 RES, W<, 1/84. 1Z. 301 RNSYD-3010F TRW 4701-03-3010 |1 CRI8 CA41 CR42 -
R137 REE W, 1/8M. 12, 214 RNY3ID-33 40F RY 4701—03-3160 |1 Q14 a1y TRANS, SILICON, PLANAR, | 232349A naT 4901-02-3491 | 2
EPITARIAL, NPN, TO-19
RE4 RES, MF. | /BM, 1%, 3. 24K | RNDID-0241F TRU 4701-03-3241 |1
Q13 Qié Q2% G 424 TRANS. PN, TD-92 2362 FAIR 4201-03-2430
R32 REE, MF, 1/64, 12, 33. 2% | RNSSD=-2322F TRY 4701-03-3F22 |1
Q1@ az7 THANS 203904 NPN | 23904 FAIR 4901-03~5040 |2
AI12 R118 RI19 R4s RES, IF, 1784, 1Z. 33. 2 RNSSD-I0R2F TRE 4701-03-3329 |4 OENERAL FURPOSE TO-92
R117° RES, #F, 1 /6M, 1L, 372 RNS2D=3v20F TRY 4701-00-392¢ |1 at7 08 a9 TRANS., OCEMERAL 24122 NSC 4901-04-1220 |3
PURPOSE, PN, TO-92
R140 RES. MF. § 786, 1%, 39. 2 RNSSD-I9R2F TRW 4701-03-392% |1
a3 a3 TRANG. ¥=CHANNEL ANI4H2 moY 4901-00—é20 | 2
R10 Ri4 RY REE. MF, 178U, 1%, 4, 02K | RNISD-4021F TR 4701-03-4021 |3 JFETS
R123 R128 RES, MF, 1760, 12, 4. 64K | ANSID—45641F TRY 4201004441 | R a1 a11 426 TRANS, K-CHANNEL. JFETS | 243482 nat 4901094850 |2
R129 RiB R37 R&1 RES. WF, 1/8. 1%, 499 RNISD-4990F TR& 4701-03-4%590 |4 Q12 1% 020 az2 TRANB ZN3I771 PNP 29771 NSC 4701-03~7710 | 4
EWITCH TO=32
R134 R138 RiF? R0 R27 RSP |RES, NF. 1/8M, 1%, 4, 99% | RNSSD—-4991F TR 4701-00-4991 | @ c
263, RE3 a4 TRANG. FET N CHANNEL UNO104NT SUPER | 4902-01-0400 |1
T
nTLE ASSEMBLY NO. L1 ASSEMBLY NO. AEV
WaveTeEx 1206-00~3004 WaveTeEk | TTE 1208003004
PCA SUB ASEY. FUNCTION OEN BD A | PCA BUBE ABSY FUNCTION GEN BD A
PARTS UST 1288/288 PARTS LUIST | feaem
PACE 3 i PaZE 7
"
REFERENCE DES IGNATORE PART DESCRIPTION OR ! O~MFGR-PART-NO MFCR HAVETEX N, arv/eT REFEAENCE DERIONATORS PART DESCRIPTION ! OR1C=MFER-PART-ND PFOR WAVETEX NO. aTY/PT
R132 R17 REE. IF, 1764, 1%, 49, 94 | RNUSD—4992F TRU 4701-03-4992 |2 a2 TRANS ., FET P CHANNEL VPO104NT SUPER | 4902-01-0401 | 3
R133 REQ, WF. § /78M. 1, 499% RN4SD~4999F TRY 4701-03-4993 |t yze MIX, CAOS. D 4C, 8 DCS0BACY SLCON | 7000030800 | 1
CHAN/DIJAL. & CHAN AMAL
RBO R91 REB, MF, 1784, 12, 51, 1 RNSID-31RLF ™Y 4701-03-5119 |2
U13 v14 U117 v1s OP AMP. LDW DRIFT. LT1001CND LINTE | 7000-10-03180 | 4
R19 REG. W5, 1/8M, 12, 604 RNI3D—4040F TRY 4701-03~4040 |1 LOs OFFSET
R107 R106 RES. MF. 1/88, 1X, 750 RNISD—7300F TRY 4701-03-7300 |2 U2 U7 DAC, QUAD 8 BIT: MULT | DACEB40OBOP PHI 7000-B3~0800 | 2
: N/MEM, CHOB
R124 R1Z7 R16 RS1L REE: MF, £ /BH. 1Z, 7, 3K RNY3D-7301F TR 4701-03-7301 | 4
U160 U1S Uté uz3 U9 OF AMP.HI SLEW #1C34081P not 7000-s0-8100 | 3 B
RE1 REG. MF, 1768, 1%, 78, 7% | RNISD~7872¢ TAW 4701-03-7872 |1 RTE. WIDEBND. JET, STD
R126 R97 RES, MF, 1 /B, 1%, 70, 7 RN3SD-7BR7F TRW 4701-03-7679 |2 24 U3 UB 0P areP, HI SLEW HCIA0B1AP moT 7003-40~8101 |3
RTE, MIDEBND: JFET, PRIN
R4 RES. WF. 2/84, 1Z, B. 08K | RNIID=g0LIF TRY 4701-03-B061 | § E |
R120 REG. MF, 1784, 1X. B25 RN33D-G230F TR 4701-03-82%0 |1 U1l V21 vz U2s s U29 Us& |OP AMP.HI BLEW HC24082P T 7003-40-8200 | 7 -
RTE., WIDEBND. JFET DUAL |
R101 R10& R15 R99 RES., MF. $/8W, 12, 9, 0% | RNS3ID-9091F TRW 4701-00-9091 | 4 .
va7 ve SW, QUAD ANALDS, CMOS | De211CJ ELCON | 8000=02-1100 |2 H
R34 REE, MF. 1788, 1Z, 50. 9 RN33D-90R9F TRW 4701-03-9099 | 1 i
ut DECODER/DENUX, 3 TO 6 | SN74ALS138N TI 8007-41-38000 |1 i
RE4 RES, 0 OHM JRRMPER JPORTHED ROHM: | 4799~00-0067 | 1 LINE i
R?7 R@ RES, MFLM. /8, 1Z. 73. 2 | DOIIRETIF MEPCQ | 4799-00-0234 |2 vz ua FLIP—FLDP, OCTAL D EN74ALSS74N TI B8007-43-7430 |2
K =
CR4 CR3 DIODE. ZENER, 3.3V, 1INY46A FAIR 4801-01-0746 | 2
b1 4
TOL. 300004, G/B. INTASA i
i
i
]
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ECO [ BY lDlTEI APP

D
c
REFERENCE DESICNATORS PART DESCRIPTION OR 10-HFGR-PART~NC PFCR WAVETEX NO. aTY/PT
T1 TRANSFORMER ASSEMBLY 1204~00-3007 HVTK 1204-00—-3009 1
2 CABLE ASSY, LINE 1207—-00-3011 WYTK 1207-00-3011 1
FILTER
1 PANEL . REAR, PAINTED 1400023282 WYTH 1400023242 1
3 SHIELD, AL CONN 1400-02-3463 WY 14000234463 1
10 FUSE, 3/44A, 230V, S8 313-750 LITFU 2400—05-0011 1
4 NUT, HEX: 4~40 MSISHAT~244 cont 2900-14-4100 4 B
? WASHER. #8 FIBER BIN @8 FIBER WASHER CMRCL 2000-28-8000 4
470
L] WASHER, LOCK RES. S/8 ns 33339-135 CMRCL 2800-45-4000 | 4 1
.l
8 WASHER, 88, FL.T, SS. THX 2800-46—8000 CMRCL 2800—-46—8000 L3
. 050, 1D . 374,00 . 375
& SCREW. 8-32 X 3 2B00-48-81256 CMRCL 2800-48-8126 4
3/8. UNCZA, PHLP, PH, SS
7 WASHER. 88, INT 2900-36—0002 CMRCL 2800~56-0002 4
TOOTH. LOCK. SS i
11 EXTRU, RUBBER. U ! 924 LESIG | 3200060079 |2 f——
CHNL, 1/16 INSIDE, 1/8 H
OUTSIDE I :
| i
i i
TITLE ASSEMBLY NO. REV
WAVETEK 1103-00-3007
PARTS LIST ASSY, REAR PANEL B
i PAGE 2
REMOVE ALL BURRS oRawe Dare
":t::“m“ SHARP EOGES WAV ETEK $4m 00O @ CALTOAMS A
THLE
PARTS LIST
REAR PANEL
FIMSH
WAVETEX PROCESS
::‘u‘a?.g?s%g: mcnt’:‘en SIZE |FSCM NO. OWG. NO. [ REV
TOLERANC :
ToceRANCES 46 wees| D | 23338 | 1101-00-3007
- X3z .
T~ Gt eral € noawne | xx = : SCALE [nom 288 l:um 1 o 1







Date

Frequency Ranges

Step 3: CW
20 MHz
2 MHz
200 kHz
20 kHz
2kHz
200 Hz

Step 4: FM
20 MHz
2 MHz
200 kHz
20 kHz
2kH2z
200 Hz
20.00 Hz
2.000 Hz
200.0 mHz
20.00 mHz

Frequency Resolution

Step 3:
1999 Hz
1888 Hz
1777 Hz
1666 Hz
1555 Hz
1444 Hz
1333 Hz
1222 Hz
1111 Hz
999 Hz
888 Hz
777 Hz
666 Hz
555 Hz
444 Hz
333 Hz
222 Hz

APPENDIX A
PERFORMANCE VERIFICATION FORM

Technician

Measured vaiue

Measured value

MHz
MHz
kHz
kHz
kHz
Hz

MHz

kHz
kHz
kHz

Hz
Hz
Hz
mHz

Serial No

Specified value

19.98 to 20.02 MHz
1.998 to 2.002 MHz
199.8 to 200.2 kHz

19.98 to 20.02 kHz

1.998 10 2.002 kHz

199.8 t0 200.2 Hz

19.4 10 20.6 MHz
1.94 to 2.06 MHz
194 to 206 kHz
19.4t0 20.6 kHz
1.940 to 2.060 kHz
194 to 206 Hz
19.4t0 20.6 Hz
1.94 10 20.6 Hz
194 to 206 mHz
19.4 to 20.6 mHz

Specified value

1997.001 to 2000.999 Hz
1886.112 Hz to 1889.888 Hz
1775.223 Hz to0 1778.777 Hz
1664.334 Hz to 1667.666 Hz
1553.445 Hz to 1556.555 Hz
1442.556 Hz to 1445.444 Hz
1331.667 Hz to 1334.333 Hz
1220.778 Hz to 1223.222 Hz
1109.889 Hz to 1112.111 Hz
998.001 Hz to 999.999 Hz
887.112 Hz to 888.888 Hz
776.223 Hz to 777.777 Hz
665.334 Hz to 666.666 Hz
554.445 Mz to 555.555 Hz
443.556 Hz to 444 444 Hz
332.667 Hz to 333.333 Hz
221.778 Hz t0 222.222 Hz






symmetry
Measured value

step 3¢
10% Symmetry

20% Symmetry

30% Symmetry

40% Symmetry

50% Symmetry

60% Symmetry

70% Symmetry

80% Symmetry

80% Symmetry

VCF/IFM
Measured value

Step 3:
Center Frequency

Step 4:

Deviation Frequency

Waveforms and Sweep
Measured value
Step 3:
Sine Wave

FTHEHEBEEREERE

kHz

Triangle Wave

Square Wave

bC

Step 4:
Swept Output

Step 5:
Sweep Ramp

Pulse
Measured value
Step 3
Unbal rise time

Unbal fall time

Unbal +p-p aberration

Unbal —p-p aberration

Step 4
Sync Out rise time

Sync Out fall time

Outputs
Measured value
Step 3: Unbal 5Vp-p Sine
50Q

75Q

60002

Step 4: Bal 5Vp-p Sine
13502 Bal 180°

6002 Bal 180°

A-2

ns
ns
%

ns
ns

Specified value

981to 102 us

196 to 204 us
294 to 306 ps
392 to 408 us
49010 510 us
588 to 612 us
68610 714 us
714 to 816 us
812t0 918 us

Specified value

g70 to 1030 Hz

1800 to 2100 Hz

Specified value

Record: Yes or No
Record: Yes or No
Record: Yes or No
Record: Yes or No
Record: Yes or No

Record: Yes or No

Specified value

<13ns
<13ns
< 5% +20 mV

< 5% +20 mV

<13 ns
<13 ns

Specified vaiue
Record: Yes or No
Record: Yes or No

Record: Yes or No

Record: Yes or No
Record: Yes or No
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Amplitude Modulation

Step 3:
50% AM

' Sine Wave Purity

Step 3
THD at 1 kHz

Amplitude Accuracy

Step 3
1.11 Vp-p Sine
2.22 Vp-p Sine
3.33 Vp-p Sine
4.44 Vp-p Sine
5.55 Vp-p Sine
6.66 Vp-p Sine
7.77 Vp-p Sine
8.88 Vp-p Sine
9.99 Vp-p Sine
15.0 Vp-p Sine

Step 4
1.11 Vp-p Triangle
2.22 Vp-p Triangle
3.33 Vp-p Triangle
4.44 Vp-p Triangle
5.55 Vp-p Triangle
6.66 Vp-p Triangle
7.77 Vp-p Triangle
8.88 Vp-p Triangie
9.99 Vp-p Triangle
15.0 Vp-p Triangle

Step 5
1.11 Vp-p Square
2.22 Vp-p Square
3.33 Vp-p Square
4.44 Vp-p Square
5.55 Vp-p Squars
6.66 Vp-p Square
7.77 Vp-p Square
8.88 Vp-p Square
8.99 Vp-p Square
15.0 Vp-p Squarse .

Measured value

Measured value

Measured value

daB

vrms
vrms
vrms
vrms
vrms
vrms
vrms
vrms
Vrms
vrms

vrms
vrms
vrms
vrms
vrms
vrms
vrms
vrms
vrms
vrms

vrms
vrms
vrms
vrms
vrms
vms
vms
vms
vrms
vrms

Specified value

Record: Yes or No

Specified value

< - 46 dB (0.5%)

Specified value

0.3806 to 0.4033 Vims
0.7658 to 0.8042 Vims
1.1499 to 1.2040 Vrms
1.5351 to 1.6048 Vrms
1.9192 to 2.0047 Vrms
2.3044 to 2.4056 Vims
2.6885 to 2.8054 Vrms
3.0737 t0 3.2063 Vrms
3.4578 to 3.6061 Vrms
5.1934 to 5.4125 Vrms

0.3074 10 0.3326 Vrms
0.6187 to 0.6632 Vrms
0.9291 10 0.9928 Vrms
1.2405 to 1.3234 Vrms
1.5509 to 1.6530 Vrms
1.8623 to 1.9836 Vrms
2.1727 10 2.3132 Vrms
2.4831 10 2.6428 Vrms
2.7944 to 2.9735 Vims
4.1971 to 4.4629 Vrms

0.56333 10 0.5766 Vrms
1.0717 to 1.1483 Vrms
1.6100 to 1.7199 Vrms
2.1484 10 2.2816 Vrms
2.6867 to 2.8632 Vrms
3.2251 to 3.4349 Vrms
3.7634 to 4.0065 Vrms
4.3018 to 4.5782 Vrms
4.8401 to 5.1498 Vims
7.2700 to 7.7300 Vrms

A3
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)C Output and Attenuator Accuracy

Measured value Specified value
step 3: Into 50Q:
5.00 Vdc Vde 4.9300 to 5.0700 Vdc
2.50 Vdc Vde 2.455 10 2.545 Vdc
1.00 Vde , Vdc 0.970 to 1.030 Vdc
500 mvdc o Vdc 475.0 t0 525.0 mVdc
250 mVde vde_ 2425 to 257.5 mVdc
100 mvde : vdc 94.00 to 106.0 mVdc
50 mVdc Vde 44,50 t0 85.50 mVdc
25 mVdc Vdce 19.75 to 30.25 mVdc
10 mvdc Vdc 4.90to 15.10 mVdc
5.0 mVdc Vdc —0.050 {0 +10.05 mVdc
2.5 mVdce Vdc ~-2.525to +7.525 mvVde
1.0 mVde Vde —4.010to +6.010 mVdc
External Lock
Measured value Specified value
Step 3:
Internal Lock Hz 999 to 1001 Hz
Step 4:
External Lock—Source Hz 859.5 to 1060.5 Hz
External Lock—Unbal Hz 9857.5t0 1061.5 Hz
- Jtep 5
0° Phase ° —4° to +4°
+90° Phase ° +86° 1o +94°
+180° Phase ° +176°to +184°
-90° Phase ° —94° 10 -86°
-180° Phase ° -184°to -176°
Front Pane}
Measured value Specified value
Step 1:
Display/Annunciators Operate Record: Yes or No
_—
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