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WARRANTY

Wavetek warrants that all products manufactured by Wavetek conform to published
Wavetek specifications and are free from defects in materials and workmanship for a
pericd of one (1) year from the date of delivery when used under normal operating
conditions and within the sérvice 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 opinian proves
to be defective within the scope of the Warranty. Inthe event Wavetek is not able to modity,
repair or replace non-canforming defective parts or components to & condition as
warranted within a reasenable 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 factery or to an authorized service
center within thirty {30) day atter discovery of such defect or nenconformity.

For product warranties requiring return to Waveatek, products must be returned to aservice
facility designated by Wavetek, Buyer shall prepay shipping charges, taxes, duties and
insurance for products returned to Wawvetek for warranty service. Except for products
returned to Buyer from angther country, Wavetek shall pay for return of products 1o Buyer,

Wavetek shall have no responsibility hereunder for any defect or damage caused by
improper storage, improper installation, unauthorized madification, 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.

Exclusion of Qther Warranties

The Warranty described above is Buyer's sole and exclusive remedy and no other
warranty, whether written or oral, is expressed or Implted, Wavetek speclfically
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 employes of Wavetek, which is not
contained in the foregoing Warranty will be binding upon Wavetek, unless made inwriting
and executed by an authorized Wavetek employee. Under no circumstances shall
Wavetek be liable for any direct, indirect, speclal, incldental, or consequential
damages, expenses, losses ot delays (Including loss of profits) based on contact,
tort, or any other legal theory.
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SAFETY FIRST

Protect yourself. Follow thase pracautions:

Don'tiguch the outpuss of the instrument or any exposed tesi wire carrying the output

signale. Thiz Instrumernt can generate hazardous voltages and currents

el
i kL] [ R = e R = S i T DA W

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

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

D o M)

Don't hotd your eyes extremeiy 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.

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

Don't repair the instrurment unless you are a qualified electronics technician and
know haw to work with hazardous voltages.

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

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

WARNING

The commercial instrument normally contains a lithium battery. Where
lithlum is prohibited, such as aboard U.S. Navy ships, verify that the lithlum
battery has been removed and replaced with a 1F capacitor to maintain
short term RAM backup.

Do not recharge, short circuit, disassemble, or apply heat to the lithium
battery. Violating this rule could release potentially harmful lithium.
Observe polarity when you replace the battery.

AThis symbol on the front panel indicates that this output terminal is a
floating output ferminal. It is not directly connected to safety ground nor
does it have protection devices preventing the user from floating this
output to dangerous voliage levels. Use extreem caution when connecting
thls output to devices not operating at SELV potentials.

ConTenTts EX
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Figure 1-1. Model 98 1 MHz Synthesized Power Oscillator

1.0 General



1.1 INTRCDUCTION

Tk~ i i H
The Modal 08 1 MHz Synthesized Power Oscillator is a

precision source of low distortion and freguency accu-
rate sine waves for use in the installation and mainte-
nance of audio test equipment and other general pur-
pose elecironic equipment.

1.1.1 Eguipment Description
» Low distortion {<0.02% THD typical) sine wave.

» Up to 10 Vrms 600Q balanced or 5Vrms 50Q unbal-
anced.

o 1 pHzto 1.1 MMz freguency range.

s Programmed interface for remote operation.
» 8 digits of frequency resolution.

s ‘arsatile Sweep Modes.

* Simplified user interface,

» High reliability and low Maintenance.

1.1.2 List of Abbreviations

This list identifiss abbreviations and descriptions used
in this manualthat 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
VD Vecuum Fiugrescent Dispiay

1.2 OPTIONS

001; Handles and Rack Adapter - This option consists
of a pair of handles (standard on same units) and rack
adapters. Rack adapters allow mounting of the unit in
a standard 19 inch equipment cabnet.

ManualsPlus.com

secion 1
GENERAL

1.3 SPECIFICATIONS

1.3.1 Waveforms

Low distortion sine wave at the 50Q unbalanced or
6008 balanced main output, TTL level signal in phase
with the sine at the Sync Ouiput.

1.3.2 Operational Modes

Operates in continuous (cw) and frequency sweep
modes. In continuous mode the waveforms are gener-
ated continuously and supplied to the selected output.
Waveforms are output at programmed frequency and
amplitude. In the sweep modes (see the naxt para-
graph) the instantaneous freguency is linearily or
logrithmically programmed between start and stop fre-
guencies at the selected sweep rate.

1.3.2.1 Frequency Sweep Modes

The SWEEP OUT and the PEN LIFT/MARKER OUT
BNCs are active with a Sweep Mode selected, and
inactive at other times. The selected output, 50Q
UNBALANCED or 600Q BAL/UNBAL, and the SYNC
QUT waveforms are swepl.

Sweep Modes:
Off (O or O

No sweep mcde selected. Generator operates
in continuous (cw) mode with constant fre-
quency.

Continuous {C or 1}
Continuously sweeps from programmed start
frequency to programmed stop frequency, im-

HO S ey

a new sweep. Repeats continuously at the
specified sweep time.

Continuous with Reverse (CR or 2}

Continuously sweeps from start frequency to
stop freguency, and then sweeps back to start
frequency. Repeats continuously at the speci-
fied sweep lime.

General 11



Triggered (T or 3):

Programmed start frequency is generated con-
tinuously until the Model 98 receives a trigger
(front panel TRIGGER key or GPIB TRigger
sweep command}, which will initiate one sweep

___________

immediate reset to the start frequency.
Triggered with Reverse (TR or 4):

Programmed start frequency is generated con-
tinuoushy until 2 trigger signal isreceived, which
will initiate one sweap from the start frequency
to the stop freguency. The generator then
immedately sweeps back to the start frequency
and holds for another trigger.

Triggered Hold (THLD or &)

Programmed start freguency is generated con-
tinuously until & trigger signal is received, which
wilt initiate one sweep from the start frequency
to the stop frequency. The generator holds at
the stop frequency until receipt of a second
trigger which sets it immediately back to the start
frequency, where it holds for another trigger cycle.

Triggered Hold with Reverse (THLDR or 6):

Programmed start frequency is generated con-
tinuousky until a trigger signal Is received, which
will initiate one sweep from the start frequency
to the stop frequency. The genarator holds at
the stop frequency until receipt of a second
trigger which sweeps it back to the start fre-
guency, where it holds for another trigger cycle.

Manual (M or 7).

Qutput frequency is sat between start and stop
frequencies by programming the Sweep Index
(8hfrorm 0000 te 1023. Frequency at each point
is displayed and may be queried. With the aid
of the SWEEP OUT voltage, used for precisely
setting up sweep characteristics.

Start/Stop Frequencies (STA/STO):

Independently pregrammabie sweep lImits, may be set
from 1 Hz to 1.1 MHz with 5 digit resolution (accuracy is
determined by cw frequency accuracy). When Stop
Frequency is set higher than Start Frequency, the gen-
erator sweeps upward from start to stop. When Start
Frequency is set higher than Stop Frequency, the gen-
erator sweeps downward from start to stop,

Start and stop settings may be alternately defined by
center (CN) and span (SP} settings. Center must be
greater than 1/2 of the span. Center frequency can be
set from 1 Hz to 1 MHz with 4 digit resoiution. Span can

1.2 GENERAL
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be set from -1 MHz to +1 MHz with 4 digit resolution. A
positive span results in upward sweeping, a negative
span results in downward sweeping.

Hold/Resume {HLD/RSM):

Front panel key or GPIB command stops the sweep at
presentvaluefor display of reguency. Besumes sweap-
ing from this point.

Sweep Functlon (SF):
Frequency sweep characterislic (spacing) program-
mable as either linear or logarithmic (LIN/LOG).

Sweep Time (ST):
The duration of one swept transition between start/stop
fraquencies, programmed from 30 ms to 1000 s,

Flyback Time:
1 ms.

Resalution:

1 point/ms, 1024 points per sweep maximum.
1.3.3 Sine Wave Purity

50Q Unbalanced output, 50 mVrms to & Vims:

10 4

wTHD
05
0.5 -
42

a1

108

Pl

202 JPIGALL

40
T

1 pHz
FREGUEMCY

E00Q Bal/Unbal output, 100 mVirms to 10 Vimes:

WTHD

05

13

227 1 Ve
—_—
o2

141

005 ]

003

a2

freFcal

T T T
AN H: 10K 20 Hz

FREQUENCY



1.3.4 Frequency

Range:
500 Output: 1 uHz to 1.1 MHz.
600G Output: 30 Hz to 200 kHz.
Resolution: 8 digits limited by 1 uHz.
Accuracy:
+30 ppm (limited by 20 nHz)
Stability
Intarnal refsrence:

=25 ppm accuracy specification applies ‘o all oper-
ating conditions.

External reference:

Accuracy and stability determinad by external source.

1.3.5 Amplitude
509 Unbalanced Output:

Aange:. 15 mVpp to 15 Vpp into 50Q
(30 m¥pp to 30 Vpp open
circuit).

Rssofution: 4 digits (Vpp).

Accuracy (1 kHz).  +(1% of setting + 1 mVpp).
Fiatness (relative to 1 kHz):

=100 kHz: +0.3dB
=1 MHz +1.0d8
1.1 MHz +=1.5dB

6002 BalfUnbal Qutput:

Range. 30 mVpp 1o 30 Vpp into B00Q
(80 rmVpp to 80 Vpp open circuit).
Resoiution: 4 digits (Vpp).

Accuracy (1 kHz),  =(5% of setting + 5 mVpp).
Flatness (relative to 1 kHz).

=100 kHz: +1dB
=200 kHz +1, -4 dB
NOTE

When using the 600Q outout as an Unbalanced (single-
ended) output, connect signal common to the "LO"
terminal and use the “HI" terminal as the 600Q Unbal-
anced output,

1.3.6 Outpuis

Sync Output
TTL compatible square output at programmed freguency
and in phase with the sine function a: the main output.

1 uHz 1o 1.1 MHz.
TTL high, »>2.0 V inte =509
TTL tow <0.4 V into =500,

Frequency:
Amotitude:

ManualsPlus.com

< 50 ns.
Short circuit to ground

Rise/Fall time:
Protection:

E0R Unbalanced Qutput

Main output, selectable as source of sine waveform at
selected frequency and amplituds. Not congurrently
available with 6000 Bal/Unbal Qutput.

Frequency. 1 uHz to 1.1 MHz

Amplitude: 15 mvpp to 15 Vpp
(5.3 mVrms to 5.3 Vrms) into
50 load.

Impedance. o0 = 1%

Protection: Momentarily protected to
+15Vde.

6002 Balanced/Unbalanced Cutput

Main output, selectable as source of sine waveform at
selectedfrequencyand amplitude, Transformer-coupled
output terminals, not referenced to sighnal common
(present on BNC input/output connectors), Not concur-
rently available with 50Q Unbalanced Qutput.

Frequency. 30 Hz to 200 kHz

Amplitude: 15 mVpp to 30 Vpp
{(10.6 mVrmsto 10.6 Vrms) into
600Q load.

Impedance: 60092 = 1% (1 kHz, bal/unbal)

Connectors: *banana’ jack for *+" and "
terminals; universal binding
post for "C.T."

Isolation. Protected to =500 Vdc.

Sweep Qutput:

Linear O V1o +5 V {open circuit) ramp signal occurring
during afrequency sweep. Instantaneous value of ramp
voitage indicates percent ime completion of frequency
sweep,

Aamp Period: 30ms to 1000 s.

Amplitude: OV = 25 mV at start of sweep,
increasing to +5 ¥ = 250 mY at
sweep stop.

Source Impedance; 600 Q.

Protection: QOutput protected to £ 15V in-

puts.

Pen Lift/Marker Output:

TTL levels output, selectable as a Pen Lift or as a
Frequency Marker. Pen liftis true (high) during the 1 ms
retrace (flyback) period for use as a recorder pen lift or
X-Y display retrace blanking input. The Frequency
Marker is satto any 5 digitfrequency value. With Marker
selected, the Pen Lift/Marker output goes high for 1 ms
as the sweep frequency passes through the set Marker
Frequency (or at the bottom or top of the sweep range
it the Marker Frequency is outside the sweep frequency).

Genersl 1-3



Frequency: 30 ms to 1000s {once per
sweep)

Amnpiitude: TTL high, »2.0V intc 2508,
TTL low <0.4 V into 250€).

Risg/Fall time: < 50 ns.

Protection: Short circuit to ground

1.3.7 Input

External Reference In

Accepts sine wave or TTL compatible square external
reference signal, ac coupled input.  Automatically
detects and switches to a valid external reference of
10 MHz +5%. Programmed frequencies are correct
with a 10 MHz external reference.

Mirimum input, 1Vpp
Maximurm input. 30 Vpp
impedance: > 1k
FProtection = 50 Vdc

1.3.8 Display

16 digit Vacuum Florescent Display (VFD) with 14 seg-
ment aipha-numeric characters and 11 mm character
hetght. Display brightness is adjustable with front panel
INTENSITY key. All selectable parameters dispiay the
parameter name, the numeric value and the unit. The
display is also used for GPIB messages and various
utilities.

1.3.9 GPIB Programming

fEEE-488.1 -1978 GPIB interface is provided with the
standard unit.

4.4 G=nerRal
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Address: 0-30 selectable, EEPROM backed up.
Subsets: SH1, AH1, S3R1, RL1, PPG, DC1, DTQ, CO,
Té, L4, TEQ,LEQ and E1.

1.3.10 General

MIL-T-28800 Class 5 qualified.

Temperature Range: 0 to +50°C operating, - 40 to
+71°C for storage.

Warm-up Time: 20 minutés for specified operation at
0 to +50°C ambient temperature.

Humidity: 0 to +256°C at 95% RH, 0 to +40°C at 75% RH,
and 0 to 50°C at 45% RH.

Aftitudie: 3050m (10,000 ft.}; non-operating to 12,000m
(40,000 1),

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

Shock: Non-operating; 40g, 11 ms half-sine.

Electromagnetic Compatibility. MIL-STD-461 emission
and susceptibility requirements of CE02, CEC4, C502,
308, RECZ, REDZ.1 and RS03.

Safety: Conforms to Type Testing requirements of
IEC-348,

Reliability: MTBF >5000 hours.

Cafibration Inferval: No periodic requirement,

Dimensions. 35.6em{14.00in.)wide, 13.3cm(5.212in.)
high and 43.2 cm (17.00in.) deep.

Weight: Approximately 6.8 kg (15 1b) net; 11.4 kg (25ib)
shipping.

Power: 90 to 108, 108 o 126, 198 10 231, or 216 10
252 vrms; 48 to 440 Hz; 1 phase; < 30 VA,

1.4 EQUIPMENT SUPPLIED

The Model 38 is supolied with a shielded power cord
and manuel,

1.5 EQUIPMENT REQUIRED BUT NOT
SUPPLIED

Aliterrs requirea for the Model 28 are supplied,



2.1 RECEIVING AND INSPECTION

Usethefollowing stepsioinspeci a shipment of Waveatek
equipment.

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

packing.

2. Afterunpackingthe boxes. Save all of the packing
material.

3. Inspect the squlpment for damage. Inspect it
carefully, regardless ofthe condition of the shipping
boxes.

4. If nacessary, file a damage claim. Hf any damage
is found, call the shipper immediately (within 10
days) and start the ¢laim process.

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

2.2 RETURNING EQUIPMENT FOR REPAIR

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

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

2. Call Wavetek for a Return Authorlzation,
Wavetek's customer service representative will ask
for tne name of the person returning the equipment,
telephonenumber, company name, eauipment type,
and a description of the problem.
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SECTION ‘

PREPARATION/INSTALLATION

2.3 INITIAL CHECKOUT

2.3.1 Infroduction

The {ollowing paragraphs provide information required
o prepare, turn-on, and checkout the Model 98 Signal
Generator in the local {front panal) made. Information
required for rernote (GPIB) mode is provided in Sectign
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 98 Signal Generator is equipped
with a three-wire power cable. When con-
nected to a grounded AC power receptacle,
this cable grounds the chassis, Do not use
extension cords or AC adapters without a
ground.,

L

Verify that the power switch {1) is set to OFF.

2. Verify the the voltage selection card (23) onthe rear
panel matches the line voltage vsed to operate the
unit. Connect the power cable (24) to ac power
connector (25) on rear panel.

Table 2-1. Voltage Selectlon Card Position and

Fuse Size.
input Voltage Fuse
Voltage | Selection Card
9C to 108 100 1/2 amp, Sle-Blo
108 to 126 120 i/2 amp, Sio-Bio
198 to 231 220 1/4 amp, Slo-Blo
216 to 252 240 1/4 amp, Slo-Blo

WARNING

The entry module (25) has a sliding window
which requires that the power cord (24) be
removed before the fuse or selector card (23)
may be accessed.

PreraRATION/INGTALLATION 241
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1k

Figure 2-1, Equipment Setup

2.3.3 Turn-on and Initial Checkout Proce- 2 Press the SHIFT {(13) and then the RESET key (2).
dure Varify that the following front panet conditions exist:
1. Verify that only the power cable (24) is connected to DISPLAY (5): -~ BESET ALL -

;heecthggdei 98. All other cables should be discon- outputs OFF (16); indicator iluminated
2. Setthe Power On/Off switch (1) from Off to Cn. z&zt; ET;?\;B(IEE }{,1 2) :2g:ggg :::Em:ﬂzzzg

Verify that the Model 98 dispiay (5) indicates : F’MHKR J o llminated

"WAVETEK MODEL 98" selact (20} indicator illuminate

: {All others). Qff
Press each of the following keys and verify RESET
NOTE ALL parameter values as indicated:

if the turn-on mesesage does not appear in the

dispiay as indicated above, and it is not simply FREQUENCY (3). FR1KHZ -

replaced with & programming eror message AMPLITUDE (4) Cne of the following:

from the last time the unit was operated, verify AMPL 1 VRMS

the powsr connections are made correctly per AMPL 2,828 VPP

the previous paragraph. i the problem per- AMP!— 1:”4 VPK

sists, consuilt the final sfep of this procedurs. AMPL 13 DBM

2.2 PrgrazimoniNgTa, TION
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10,

START (6) START 1 KHZ
STOP (7) STOP 10 KHZ
MARKER (8) MRKR 5 KHZ

TIME (9) SWPTM 1 S
INTENSITY (18): INTENSITY 25

GPIB ADRS (17); GPIB ADRS 00 to 30
MODE (22) SWP OFF

Allow the Model 98 Signal Generator 20 minues of
warm-up time.

NOTE

Whenever the power cable has been discon-
nected, or the power switch has been in the
OFf position, the Model 98requires a 20 minufe
warm-up period for specified cperation.

Press the MAIN QUTPUTS SELECT key (14) once
and verify that the 50Q indicator is on and thea
dizplay (8) reads OUTPUT ON (50}, Connect the
50Q UNBALANCED cutputtothe oscilloscope listed
in Table 2-2 using a 500 BNC cable and termina-
tion. Observe two cycles of sinewaveformwhenthe
oscilloscope is set far 0.2 msec/div horizontal and
1 W/div vertical. Verify amplitudeis approximately 3
divisions peak to peak {1 Vrms).

Ramovetnecabla atthemodel 28's 500 Outputand
connect it to tine SYNC OUT conneclor. Observe
two cycles of square wave on the oscilloscope.

Move the cable from the ascilloscope 10 the
counter/timar listad in Tahle 2-2. Verify that the
SYNC OUT freguency is 1.000 kHz.

Connect ancther cable from the counterftimer Ref
Out (10 MHz) to the Model 98's 10 MHz Ref In
connector. Verify that the exiernal reference
EXT {21} indicator illuminates, and that the
counter/timer continues to display 1.000 kHz.

Remove the cables from the counter/timer.
Reconnect the UNBALANCED output to the oscillo-
scope and verify the 1 kHz sine. Press the SWEEP
SETUP MODE key (22} twice to advance to the first
sweep mode, SWF CONT-RST. The CONT indica-
tor illuminates, and the scope should show a con-
tinuously sweeping wavetorm. In the RESET ALL
settings, the waveform is sweeping upwardfromthe
1 kHz START frequency to the 10 kMHz STOP ire-
quency with a 1s swep TIME.

Pressthe MODE key (22) twice more to advance the
sweep mode to SWP TRIG-RST. The sweep TRIG
indicator shouwd iliuminate. The scope should dis-
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play a 1 kHz lixed frequency sine wave. Press the
TRIGGER key to produce one sweep to the STOP
frequency and reset to the START frequency. Dis-
play should indicate SWEEP TRIGGERED.

11 Connectthe SWEEP OUT BNC to the scope, no 50Q
load, 2V/DIV vertical. Observe Q0 Vdc. Press the
TRIGGER key {10) and observe that the sweep
cutput ramps up to approximately +58V and returns
to 0 Vde.

12. Reset the sweep MODE (22) 1o SWP CONT-RST
and sel ihe sweep TIME (5] 10 0.056 5 (50 mz). 3ai
the scope horizontal for 5 ms/DIV and adjust the
triggering for a stable sweep ramp waveform.

13. Connect the PEN LIFT/MARKER BNC 1o the other
channel of the scope, no termination, 2W/0IY verti-
cal. Use "CHOP" verticai mode to dispiay both
traces. Check for accurate marker positioning by
setting the START frequency {(8) to 1 Hz. Chbserve
afrequency marker pulse approximately 1 ms wide

at the center of the 1 Hz to 10 kHz sweep.

14. Press the pen liftymarker SELECT keay (19) and
observe that the PEN indicator illuminates and the
marker switches to a pen lift signal at the scope
display. Se! the horizontal to 10 me/BIV and then
wrn on the X10 magnifier to verify the approximate
1 ms pulse occurs during the ramp flyback or
"retrace" time.

15, Set up the equipment per step 5 and verify the two
cycles of sine waves on the scope. Set the sweep
MODE (22} to SWP CONT-RST, sweep TIME (9) to
1 8, and LINJLOG to LOG SWEEP. Note the differ-
ence in the sweep charactersitic. Nate that the
CONT,LOG, PEN,ENABLE, and 500 indicators are
now on {as opposed to the configuration after the
RESET ALL). Turn the unit off and wait a few
moments. Turntheunitbackon. The scope display
andthe front panel indicators should bethe same as
when the unit was turned off, except that the display
now reads WAVETEK MODEL 28.

16, If all above conditions are correct, the signal gen-
erator is ready for operation. If an indication is
incarrect, notify your maintenance department or
contact Wavelek's Customer Service department
{see paragraph 2.1).

2.3.4 Performance Verification

Parformance verification tests the operation of every
selectable parameter and Input/output connector. It
also verifies correct operation within each major speci-
fication. This verification is performed as desired or at
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scheduled maintenance to determineg if the unit requires
adjustment or furtrer maintenance procedures to mest
specifications, All data obtained during the performance
verification should be permanently recorded for fulure
reference. The Performance Verification Formin Appen-
dix A can he used as a master to genarate additional
copies as needed. Perform initial checkout procedures
shown in paragraphs 2,3.2and 2.3 3 prior to starting the
performance verification.

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

Table 2-2. Required Test Equipment

Recommended
Model/Critical Specification

Test Equipment

Counter/Timer . Hewlett Packard 5334A or
i equivalent. 10 MHz Ref Out,
| =8 digits.

Scope i Tektronix 2465 or

equivalent. Not critical.

Hawlett Packard 83038 ar
equivalent. 100 kHz BW,

Fluke 8922A or

THD Analyzer

Digital Voltmeter

{DVM) equivalent. True rms, dBm,
relative, 50Q and 600,
=600 kHz BW.

Signal Generator Wavetek 30 or

{Signal Source) equivalent. Not critical,

50Q, 0.1%, =3wW
600, 0.1%, =1W

Terminations

Coax cables 2 BNC to BNC male , 500
impedance, 3 ft.
Adapter Dual "oanana’ plug to BNC

i
% female, 0.75" centars.

Fraquency Range, Accuracy, Resolution
1. Reset the Model 28,

2. Connectthe Model 98 andtest equipmeant as shown
in figure 2-2.

3. Temporarily d'sconnect the cable at the Model 98
10 MHz REF IN connector, Program FREQUENCY
to 1 MHz and check synihesized freguency accu-
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racy for £25 ppm per the table in recorded data:
RECORD.

COUNTER/TIMER

MODEL 98
_______ REFOUT

7 IN{50)

106 MHz
REF IN

SYNC OUT

=)
i

Figure 2-2. Frequency Measurement Setup

4. Reconnectthe external referencetothe unit. Check
that the counterftimer now indicatas 1 MHz «1
count: yesino, RECORD,

NOTE

Step 3 of this procedure is sufficient to verify
frequency synthesizer accuracy. Referencing
the Model 88 to the counterftimer's 10 MHZz
reference will cause all subsequent frequency
measurements, which are concarned only with
verifying range and resolution, o agrae exactly
{plus or minus a smafi counter uncertainty).

5. Program FREQUENCY to the values given in the
table and verify that all programmed digits of resc-
iution are generated: yes/no: RECORD.

5002 Ampiitude Range/Accuracy
1. Reset the Madet 98.

2. Connectthe Modet 98 and test equipment as showr:
in figure 2-3.

508 | INPUT
UNBAL (506
ouT

Figure 2-3. 50Q Amplitude Measurement Setup

3. Verify accurate 508 termination per Table 2-2. Set
the DVM to measure ac Vrrrs, aute range, no filter,
500 ino burons pressed). Press Model 88 MAIN



OUTPUTS SELECT bution once and verify 50R
indicator is on. Press the AMPL UNITS button as
necessary 1o display AMPLITUDE paramster valus
in VRMS and MVRMS. Program AMPLITUDE for
5 vrms and check amplilude accuracy per the table
of recorded data: ARECORD.

Press the DVM's "AC/AC + DC" button toinclude the
dc component of the signal in the measurement.
Subtract the AC measurement value taken from the
previous step from the AC + DC value of this step:

mcCmmOm
[ LS

NOTE

if this verification procedure fs being run as
scheduled maintenance, check that the mea-
suremants taken in the ahova two steps do not
excead 80% of their specified upper or lower
timit. {f this value is exceeded, first verify 50Q
termination accuracy is within the value speci-
fiad in Table 2-2. If the Mode! 88 reguires
adjustment, refer 10 the Adjusiment Procedure
giveninthe Maintenance Section of this manual.

Release *he DVM's "AC/AC + DC' bution and pro-
gram AMPLITUDE to the table values and verity
amplitude range and accuracy: RECCRD.

508 Amplitude Flatness

1.
2.

o

Reset the Model B8,

Connect the Mode! 98 and lest equipment as shown
in figure 2-3,

Verify accurate 50Q termination per Table 2-2. Set
the DVM to measure dBm, autorangs, nofilter, 5062,
Press Model 98 MAIN CUTPUTS SELECT button
once and verify 50Qindicatoris on. Pressthe AMPL
UNITS button as necessary to display AMPLITUDE
parameter valug in VRMS and MVBMS, Program
AMPLITUDE for 5 Vrms and verify approximaiely
+27 dBm. Press dBm REL buttar on the DVM and
verify 0.00 dB (relative): yes/no: RECORD.

Program the model 98's FREQUENCY to 100 kHz
and measure ampliiude change in dB; RECORD.
Program the model 98's FREQLUIENCY ta 600 k-7
and measure amplitude change in d8: RECORD.

60052 Amplitude Range/Accuracy

1.
2.

Raset the Model 98,

Connectthe Model 98 and test equipment as shown
in figure 2-4,
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DVM

3

Figure 2-4. 600Q Amplitude Measurement Setup

The connection fromthe Model 98 6R0Q QUTPUT o
the DVM can be made unbalanced as follows:

a) Connect a dual banana to female BNC
adapter 1o the 8008 banana jack ouiputs.
Be sure to connect the ground side 10 the
'LC" terminal and the signal sids 1o the "HI"

terminal.

b) Connecta BNC cable tothe adapter, keep-
ing It & short as test equipment placement
will allow (=3 feet).

c) Terminate the cable wih an accurate 6008
termination at the DVM input.

Verify accurate 5004 termination per Tabkle 2-2. Set
the DVM 1o measure ac Vrms, auto range, no fiiter,
600Q (no buttons pressed). Press Model 98 MAIN
QUTPUTS SELECT button twice and verily 80022
indicator is on. Press the AMPL UNITS button as
necessary to display AMPLITUDE parameter value
in VAMS and MVRMS. Program AMPLITUDE for
10 Vrms and check ampiitude accuracy per the
table of recorded data; RECORD.

Program AMPLITUDE to the table values and verity
amplitude range and accuracy: RECORD.

6000 Amplltude Flatness

1.
2.

Reset the Mode! 28,

Connect the Model 98 and test equipment as shown
in figure 2-4, following the instructions in step 3 of
the orevious iest.

Verify accurate 600Q termination per Table 2-2. Set
the DVM to measure dBm, auto range, no filter,
800, Press Model 98 MAIN QUTPUTS SELECT
button twice and verify 600Q indicator is on. Press
the AMPL UNITS button as necessary o display
AMPLITUDE parameter value in VRMS and MVRMS.

2-5



Program AMPLITUDE for 10 Virms and verity approxi-
mately +22.2 dBrm. Press dBm REL button on the DM
and verify 0.00 dB (relative): yesino: RECORD.

4. Program the model 88's FREQUENCY to 100 kHz
and measure amplitude change in dB: RECORD.

5. Program the medel 98's FREQUENCY to 200 kHz
and measure amplitude change in dB: RECORD.

Sine Wave Purity

1. Reset the Model 98,

2. Connectthe test equipment as shown in figure 2-5.

MODELSS THD ANALYZER

506 INFUT
UNBA (50£2)

Figure 2-5. THD Measurement

3. Set the THD analyzer to measure distortion in dB.
Press the Model 98 MAIN QUTPUT SELECT button
once and verify 50Q indicator is on. Measure
distortion in dB8: RECORD.

4, Program FREQUENCY to 10 kHz and measure
distortion in dB: RECORD.

5. Program FREQUENCY to 100 kHz and measure
distortion in dB: RECORD.

Sweaep Cuiput Amplitude Accuracy
1. Resetthe Mode! 98. Connect the Mode!| 88 SWEEP
QUT BNC to the DVM using the 8008 load.

2. SetSweepModeto Manual and setthe sweepindex
to 00C0. Measure sweep out voltage: RECQRD.

3. Set the sweep index to 1023 and measure the
sweep out voltage: RECORD.

Syne Output
1. Reset the Mode! 98.

2. Connectthe Model 98 and test equipment as shown
in figure 2-6.

3. Program the Model 98's FREQUENCY to 600 kHz
and observe three cycles of TTL level sguare wave
on the oscilloscope (50 Q terminated) when the
oscilloscope is set for 0.5 psfdiv horizomtal and
0.5 V/div vertical: yes/no: RECCRD.

2-8§ PREFARATION/INSTALLATION
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SCOPE
MODEL

lme o oo ‘ . INPUT(50%)

SYNC CUT

Figure 2-6 SYNC QUT Verlflcation

4. Measure the waveform's upper level, lower leveal,
and transition times: RECORD.

Reference Input
1. Reset the Mcdel 83.

2. Connectthe Model 98 and test equipment as shown
in figure 2-7.

MODEL g8

SIGNAL GENERATOR

o o O
| B o a o ew =
10 MHz REF IN OUTPUT

Figure 2-7. Reference input Verification

3. Program the external generator for a 800 mvp-p,
7 MHz sine wave. Terminate the external signal with
50Q. Verify that the Model 28's EXTREFERENCE
indicator is off, yes/no; RECORD.

4. Program the external generater's frequency up-
ward in increments of 0.1 MHz until the Model 98
EXT REFERENCE indicator illuminates: RECORD
lower threshold frequency.

5. Continue to program the external generator's fre-
guency upward in increments of 0.1 MHz until the
Mode! 98 EXT REFERENCE indicatorturns off, Then
decrement the external generator's frequency back
down until the EXT REFERENCE indicator illumi-
nates again: RECORD upper threshoid frequency,

Front Panel

Cbserve the display and annunciators while manually
operating the various keys and check for normal ap-
cearance and operation: yes/no RECORD.



3.1 USE AND FUNCTION OF EACH
CONTROL

Paragraphs 3.1.1 and 3.1.2 describe alf of the operator
"Controls, indicators, and Connectors” for the Mocel 88
signai 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 to separate the front parel
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SECTION &

OPERATION

into six different sections. Figure 3-1 shows the location
of each section of the front panel {callad views} usedin

-

table 3-1.

Table 3-1 shows sach section (views Athru F) of the front
panel as an enlarged view immediately followed by the
description of the controls, indicators, and connectors
for that view.

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

SEEVIEWF

SEEVIEWE SEEVIEWD

SEE VIEW A SEEVIEWEB

SEEVIEWC

Figure 3-1, Operator's Conirols, Indicators and Connectors (front view).
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MAIN SETUP
AMPLITUDE

FREQ

VIEW A

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

Control, Indicator
Key or Connector : Function

1 . Power switch This switch turns the Model 98's power on or off. ONwhen button pressed
in, OFF when bution released. At power on, the Model 98 first performs
: - a Self-Test of its digital frequency synthesis and waveform generation
i . circuits, It then presets its setup parameters to the same state as it was
i - when last turned off (except that DISPLAY intensity defaults to 25),

NOTE: For units supphied with capacitor back up of BAM memory in place
of the Lithium battery, retertion of seftings during power off is lirnited to
approximately & days. After this ime the Model 98 wilf power up with s
default settings (see RESET defaults, paragraph 2.3.3).

2 Reset key Used to set the Model 88 paramesters to the default condition (para 2.3.3).
The GFIB address and the Amplitude Units preference remains un-
changed. Press SHIFT and then RESET to reset the entire front pane! setup
{RESET ALL). Press RESET to send only the currently selected parameter
1o its default value,

3 . Freguency key Used o display and enter output frequency. Dispiayed frequency units in

i LuHz, mHz, Hz, kHz and MHz. To enter a new value, press key and observe
current value in display. Use the Cursor Keys and control Knob or the
Nurngric and Enter keys to enter a new value in Hz. Range is from 1 pHz
to 1 MiHz. Resolution is 8 digits {iimited by ¥ pHz). Defau'ts to 1 kHz.

Restrictions: 8000 BAL/UNBAL cutput is restricted to 30 Hz 10 200 kHz.

3.2 OscraTion
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Table 3-1. Front Panel Controls, Indicators, and Connectors (Continued}

| Control, Indicator
Key i  orConnector Function

4 ~Amplitude key Used to display and enter output amplitude, Displayed units in ¥Ypp, Vpk,
' Vrms, or dBm. To enter a new value, press key and observe current value
in display, Use Cursor keys and control Knob or Numeric and Enter keys
1o enter a new value. All units reflect new value. Range is from 15 mVp-p
10 30.00 Vpp, 7.5 mVp 10 15 VR, 5.3 mVrms to 10.6 Vrms, or-37.3 dBm 1o
, +27 5 dBm. Resolution is 4 digits. Defaults to 1 Vrms.

Restrictions: Maximum amplitude value for the 5002 UNBALANCED
output is 15.00 Vp-p, 7.5 Vp, 5.3 Vrms, or +27.5 dBm.

5 Amplitude units key _' Used to change the displayed unit of the AMPLITUDE parameter. Each
: press of the AMPL UNITS key advances the selected unit from ¥irms to

dBm (referenced to selected output impedance) to Vpk o Vpp. Un-

changed by a RESET or by cycling the power (see note under item 1}.

SWEEP SBRTUP
\TIME_

ARKER

MRKR PEN

SELECT |

FPEN LIFT/
MARKER QUT

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

Control, Indicator

Key | or Connector Function
|
|
$ | Sweep Cutconnector P BNC female connactor with 8000 outputimpedances, supplissalinsar O Y
10 +56V (open circuit) proportional sweep voltage whan Sweep Mode is
enabied.
i
7 | Sweep mode indicators . Four LED indicators used to indicate present Sweep Mode (8) selection.

When sweep is Off, no indicator is on. When sweep is Continucus or
Continuous with Reverse, the CONT indicator is lit. When sweep is
friggeredor Triggered with Reverse, the TRIG indicator is lit. When sweep
is Triggered Holdor Triggered Hold with Reverse, the THLD indicator s it
When sweep is Manual, the MAN indicator is lit, When the MAN indicator
is on, the TIME (12) key is reassigned to control MANUAL SWP freguency.

B8 | Sweep Mode key : Used to set the mods of operation of the Model 98's internat frequency

| sweep generator. To change the sweep mode, press the key and observe

i the present mode in the display. Set the desired mode using the MODE

i key {8) {o advance the maode setling cnce per press, the knob to "scroll”

i forward or backward through the list of modes, or the numeric keyboard
1o enter the mode number (O through 7). Modeindicators (7) also indicate
the type of sweep mode selected. An Cff mode (default mode) disables
the sweep generator, selecting continuous {cw) operation.

g9 Start freguency key Used o set the start frequency of a frequency sweep. Use the Cursor keys
~and control knob or the numeric keys and Enter key 1o enter & new value
inHz. Can be setto any frequency value from 1 Hz to 1.1 MHz with 5 digits
of resolution, Defaults to 1 kHz.

| Restrictions: 600Q BAL/UNBAL output is restricted to 30 Hz to 200 kHz,

Used tosetthe stop frequency of a frequency sweap. Useihe Cursorkeys
and control knob or the numeric keys and Enter key to enter a new value
inHz. Can be seticany frequency valug from 1 Hztc 1.1 MHz with 5 digits
of resolution. Defaults to 10 kHz.

io | Stop freguercy key

Restrictions: 6000 BAL/UNBAL cutput is restricted to 30 Hz 1o 200 kHz.

i1 l Marker frequency key ¢ Used 1o setf the marker freguency within a frequency sweep. Lse the
Cursor keys and controt knob or the numeric keys and Enter key to enter
anew value inHz. Can be settoany frequency valua from 1 Hz to 1.1 MHz
(usually between the Start (9) Stop (10) frequencies) with 5 digits of
resolution. Controls the posttion of the Marker Output (19). Defaults to 5 kHz.

Restrictions; 6000 BAL/UNBAL output is restricted to 30 Hz to 200 kHz.

Used to set the repetition rate of a frequency sweep. Use the Cursor keys
and control knob or the numeric keys and Enter key to enter a new value
| in seconds. Can be set to any vaiue from 30 ms to 1000 s with 4 digits
. (limited by 1 ms) of resolution. Cortrols the period of the waveform at the
Sweep Out (6). Defaults to 1 second.

12 | Sweep Time key

. Additicnally, it Manual Sweep Mode is selected {the MAN tndicator (7) is
i on), this key is used to enab’e "manuzl” contral of the sweep frequency.
When Manua! Sweep is enabled, the display shows a four digit value from
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Table 3-1. Front Panel Controls, indicators, and Connectors (Continued)

Key

Confrol, Indicator
or Connector

Function

13

14

15

16

17

18

19

20

21

22

: Sweeap Trigoer Key

- Externa. referance indicator

Sweep Hold key

LIN/LOG indicators

Sweep Marker indicator

Sweep Pen Lift indicator

" Pen LifttMarker connactor

Pen Lit/Marker Select key

Reference input connector

000C to 1023 and a corresponding frequéncy. The 1024 possible
frequency settings are the same freguencies used in a sweep between
Start and Stop frequency settings. May be used in conjunction with the
Sweep Out (8) to locate a precise frequency of interest in a swept response.

Used to select between a Hnear (LIN} or logarithmic {LOG) Sweep
Function. Toggles between functions each time the key is pressed.
Sweep function indicators (16) display current selection. Sweep Cut (6)
is linezr regardless of setting, LOG effects only the way frequency is
prograrmmed batween its Start (3) and Stop (10} settings. Defaultsto LIN.

Used to manuzlly initiate a single sweep (a frequency change from Start
to Swop, or Stop to Start, at a controlled rate} when ons of the triggered
sweap modes is selected. A triggered mode is selected if the TRIG or
THLD indicator (7} is on.

Used o manually stop or resume a sweep at an instantaneous frequency.
Toggles between Hold and "run”. When the Hold key is pressed the first
time 10 stop the sweep, the display goes into the frequency Monitor mode
{see 41) and remains there until ancther key displaying a parameter value
is pressed,

Indicate present sweep function selection using the LIN/LOG key (13).
Default setting is Linear.

When on, indicates that the PEN LIFT/MARKER OUT {18) output is &
fraquency marker pulse occuring at the same time that the swept fre-
guency passes through the Marker frequency (11} setting. Selected by
the SELECT Key (20). Default sstting is Marker.

When on, indicates that the PEN LIFT/MARKER QUT {19) output is & pen
lift pulse ocouring during the retrace time (flyback) of the sweep. Selected
by the SELECT key {20). Default setting is Marker.

BNC female connector capable of driving TTL levels into a 50Q termina-
ton. Outputs an approximate 1 ms positive pulse when the sweep resets
(re‘race or flyback time) if the PEN indicalor {18) is on, or when the
instantaneous sweep frequency passes through the preset Marker fre-
quency {11) if the MRKR indicater (17} is on.

Used 10 toggle the Penilift Marker output (19) betwesn a Pen Liit and a
Marker output. PEN and MRKR indicators {17 and 18) indicate current
selection. Default setting is Marker,

Indicator comes on automatically when an external signal with the proper
characteristics is applied 10 the 10 MHz REF IN BNC (22). When on,
indicates that the Model 98's frequency synthesizer is refsrenced with the
external signal.

BNC female connector with = 1 k& input impedance, accepts external
signal to reference the Model 98's frequency synthesizer. The external
signal is ac coupled and must be 10 MHz + 500 kHz, 2 600 mvp-p.

OPERATION 3-8



ManualsPlus.com

SELECT

SYNC
ouT

VIEWC

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

Control, Indicator :
Key or Connector | Function

23 | Sync Out connector . BNCfemale connector with capacity of driving 50Q. Providesa 2 Vpp TTL
i pulse at output waveform frequency. Signal is used when synchronizing
the signal generator to any external equipment.

24 | Outputs Select key i lUsed to select desired cutput impedance (5082 or 600Q) and output
connectar {BNC or banana jack). Also used o turn the output off. Press
until desired indicator {25, 26 or 27) lights. Selected output remaing
selected when power is cycled. Defaults to OFF with the RESET ALL.

Restrictions: See 500, 6000, or OFF indicators.

25 | 50 output indicator When ON, indicates 50Q output impedance. Select to mateh 504 load
' impedance. Provides a signal output with 50 impedance at the Unbal-
anced output BNC connector, To activate, press Function Qutputs Select
Kay (24} untd B0 indicator lights.

Restrictions: Amplitude will limit at 15 Vp-p when 504 is selected.

26 | 500Q cutput indicator When ON, indicates 600Q output impedance, Select to mateh 6000 lgad

' impedance. Provides a signal output with 8008 impedance at the Bal-
anced/Unbalanced banana jack output connector. To aclivate, press
Function Qutputs Select key (24} until 600Q indicater lights.

3-6 Orzramion
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Table 3-1. Front Panel Controls, Indicators, and Connectors (Continued)

Key

Control, Indicator
or Connector

Function

27

28

29

Outputs off indicator

| 800Q output jacks

Unbalanced connector

Restrictions: Frequency will limit to values between 30 Hz and 200 kiHz
when 60022 is selected.

When on, indicates both outputs are off, 50Q source impedance s
assumed when displaying selected amplitude in dBm. To activate, press
Main Qutputs Select kKey {24) until OFF indicator lights,

Pair of fermale banana jacks with 3002 (one side ¢of & balanced 600%Q)
outputimpedance. Provides a balanced or unbalanced output from 30 Hz
to 800 kHz. Selected when 600 indicator on. See section 3.2 for output
configurations. '"CT" terminal Is captive screw binding post used as
neutral center tap with (- LO) and {+,HI} jacks when used as a balanced

WA |E;ed asan Ulnl"\'_'ﬂ':lnhnf"l el I'I'hutthe "CT" !S r\hfl |mri,+hn (_ LM iank

Arde i
UUKPUL. LR TP P LA o o LT TR A e ey R e |_U!J|“~ll

is grounded, and the unbalanced signal is taken from the (+ HI) jack.

Restrictions: 6000 output limited to frequencies between 30 Hz and
200 kHz, When selectad with frequency cutside of that range, the output
is selected, frequency is put into the limit, and an error message is
generated.

BMNC female connactor with 500 output impedance. Provides an unbalk-
anced output from 1 pHz to 1.1 MHz. Selected when 50Q indicator an.
See section 3.2 for output configurations.

Restrictions: 500 output limited to amplitudes less than 15Vp-p, When
selected with frequency cutside of that range, the output is selected,
frequency is put inta the limit, and an error message is generated.

5
b %

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

Control, Indicatbr_ .
Key or Connector Function

Enier key i Used {o ferminaie eniries from the Numeric keypad. Pressing afier
numeric data entry transfers the display contents to MODEL 98 internal
cireuits. Out of range values are not executed. Values excesding resolition
are rounded or entered to nearest allowable value.

A
Q

31 | EXF key Used to enter an exponent digit. Te enter an exponant, use Numeric
keypad to enter prefix, press EXP key, then exponent value using Numeric
key 0 t0 9. Exponent can be entered as a negative by pressing +/- key.

32 | CEkey Used to clear a numeric entry error when using the Numerigc keys.
Unwantad data must be cleared before pressing Enter key. Press once to
clear display of numeric entry. Press twice 1o restore old value,

33 | Control Knob key 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.

34 : ENABLE indicator When ON, indicates that control Knob will change value in the display.
Press the Knob key 1o activale.

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

38 @ NUMERIC keypad (0 - 9) Usedtoentera(, 1,2 3,4, 5 6,7, 8, ar 9for numeric data entry. Used with
] . +/-, DECIMAL, Enter, EXP, and CE keys to enter data. Press desired digit.

36 | . (DECIMAL) key | Used to enter a decimal paoint for numeric data entry.

37 | +)-key i Used to enter a posiiive or negaiive sign for numeric data entry. Uised for
| mantissa and exponent entry. Blank indicates positive, ~ indicates nega-
| Twve, Press o change sign,

DISPLAY ¥
CURSOR —

.‘_

VIEW E
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Table 3-1. Front Panel Controls, Indicators, and Connectors (Continuad)

""" Control, Indicator
Key ! _or Connector Function

38 | Display Intensity key Used tc show and adjust ithe intensity of the display from 00 to 31. 31 s
brighiest setting. Press to display the present value, Use controt Knob or
the Numeric and Enter keys 1o enter & new valug. Defaulis to 25 following
a RESET, not changed by cycling power,

39 | = Cursorkay Used to change display setting. Moves selactable digit to lsft through all
! nossible display combinalions. Press key until daesired digit flashes, then
use the contral Knob to change value.

! Restrictions: Not used for Display and Address keys.

40 | Cursor = key Used to change display setting. Moves sslectable digit to right through all
: possible display combinations. Press key until desired digit flashes, than
use control Knob to change value.

Restrictions: Not used for Display and Address keys,

a1 Sweep Monitor key Used 1o continuously display the instantaneous frequency during a
sweep. Press to activate. Press any other key to deactivate.

42 | Shift key Usedto select an alternate key functicn. When Shiftis pressed, the display
reads "SHIFT', and pressing another key witl activate that key's secondary
function {see (2) and (458)). Cance! the Shift function by pressing the Shift
key again while "SHIFT" is displayed.

43 ;| Loca key Used to return the Mode! 88 to front panel contro! from the remote (GPIB)
mode. Front panel displays "LOCAL" and REMQTE indicator turns off,

Restrictions: Will not select if Local Lockout (LLO) set by external
Controller during remote opsaration.

44 = REMOTE indicator When ON, indicates that Model 98 s In remote (GPIB) opsration using the
' external Controller. Instrument settings can be queried but not changed.

45 GPIB Address key Used to display and enter IEEE-488 (GPIB) address frorm 00 to 30, Press
to display present value. Use control Knob or the Numeric and Enter keys
o enter a new value. Press Shift and then GPIB ADRS to set to a new
power-up default,

Restrictions: Will not select if Local Lockout is set by an external
Controfler during remote opetation,

OreraTion 3-9
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Table 3-1. Frent Panel Controls, Indicators, and Connectors (Continued)

Control, Indicator
Key ar Connector Function

46 | DISFLAY indicates ail oulput signai information, entry information, operaicr mes-
sages, and error codes. Variabie brightness 16-digit alphanumeric dis-
play with decimal point and minus sign.

47 | Controt KNOB Usedto change numeric value of flashing digit as selected by Cursor keys.
CW rotation increases value, CCW rotation decreases value. Active when
ENABLE indicator is ON.

3.1.2 Rear Panel Confrols, Indicators, tors, and connectors. Refer to figure 3-2 for the location
and Connectors, of the rear panel controls, indicators, and connectors.
This paragraph provides information on the location, Table 3-2 provides the description and use of the rear
description, and use of the rear panel controls, indica- panel controls, indicators, and connectors,
I =
A o /

Figure 3-2. Operator’s Controls, Indlcators, and Connectors (rear view).

Table 3-2. Rear Panel Controls, Indlcators, and Connectors

Control, Indicator,
Key or Connector Function
48 | GPIB connector Used to connect an external Controller to Model 98 during remote
operation. Connector has 24 pins and threaded posts contorming to IEEE-
4881 - 1978.
49  INPUT POWER connector Used as ac power input connector for Model 98. Also gontains the line fuse
: and voltage selection facilities. Voltage selection is from 100/120/220/240

Vac. Number visible inwindow indicates nominal ling voltage for which the
¢ Model 98 is set to operate. Power input connector accepts female end of
i power cable {supplied). Protective grounding conductor connects the
Model 98 through this connector.  Line power fuse is 0.5 amp. 250V for
100/120 Vac and 0.25 amp, 250V for 220/240 Vac operation.

310 O=zramgn
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Figure 3-3, 500 Operation Control Sefup

3.2 NORMAL OPERATION

This section provides the information required to set up
and operaie the Model 98 synthesized power oscillator,
Operation of the signal generator is divided into sec-
tions: 500 unbalanced operation, 6000 unbalanced
operation, 6008 baianced operation, operation with an
external reference, internal sweep genérator oparation
and GPIB operation.

Operation of the power oscillator is provided in para-
graphs 3.2.2 thru 3.2.7. Refer to tables 3-1 and 3-2 for
use and description of the front and rear panel contrals,
connactors, and indicatars.

3.2.1 Start Up

Refer to secticn 2, paragraph 2.3.3, for turn-cn proce
dures.

3.2.2 5012 Unhalanced Operaiion

Perform the following s1eps {using figure 3-3} to provide

a 500 sinewave output signal from 1 uHz 1o 1 MHz at
15 m¥ppRio 15 Vop.

1. Press the Shift (42) and ihen the Resst key (2).

Select the 500 output by pressing the SELECT key
(24) until the 50 indicator {25} is on.

Press the following keys and then enter desired
value. Use the Cursor keys (39 and 40) and centrel
Knob (47), or the Numeric keypad {35) and Enter
key (30}. Entry will appear in the display (46).

»  Pressthe Freguency key (3) and enter desired
output frequency (Hz).

s Press the Amplitude Units key (3) uniil the
displaysed value of amplitude is in your pre-
ferred amplitude unitof Vpg, Vp, Vrms, ordBm.

* Press the Amplitude key (4] and enter desired
output amplitude in Vpp, Vp, Vims, or dBm.

NOTE

When connecting the Mode! 98 output connec-
tor to 8 load, use g cable with the correct
impedance for the output selected.

Connectthe 50Q output (29) connecter to the ioad.

Connect the SYNC QUT (23) connector as TTL
clock signal or equipmeant synchronization signal,

OrerarioN 3=11
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Figure 3-4. 6000 Unbalanced Operation Control Setup.

3.2.3 6001 Unbalanced Operation

Perform the following steps {using figure 3-4) to provide
a 600Q unbalanced sinewave cutput signal from 30 Hz
to 200 kHz at from 30 mvpp to 30 Vpp.

4

Prass the Shift (42) Baset kay (2]

2. Selectthe 600Q cutput by prassing the SELECT kay

{24) until the BOO indicator (26) is on.

Press the following keys and then enter desired
value. Use the Cursor keys (39 and 40) and control
Knok (47), or the Numeric keypad (35} and Enter
key (30}. Entry will appear in the display {48},

* Pressthe Frequency key (3} and enter desired
output frequency (Hz).

» Press the Amplitude Units key (5) until the
displayed value of amplitude is in your pre-
terred amplitude unitof Vpp, Vp, Vrms, or dBm,

= Press the Amplitude key (4) and enter desired
output amplitude in Vpp, Vp, Vims, or dBm.

NOTE

When connecting the Model 98 output connec-
tor to 2 foad, use a cabie with the correct

312 Droaamion

impedance for the output sefected. For 600K
high impedance outpuls, use twisted pair or
very short fengths of off-impedance BNC coax
cable or ioss of ampfitude bandwidth will ocour.

Connect the 6002 output (28) connectorto load, |If
using BNC coax, use a dualbananatc BNC adapter,
and verify that the “ground” side of the adapter is
connected 1o the "LO" and net the *HI" side of the
6000 cutput or loss of amplitude bandwidth will
result. See Figure 3-5 for correct connections.

Connect the SYNC OUT (23) connector as TTL
clock signal or equipment synchronization signal.

HI

J\EXTEHNAL EQUIPMENT

MODEL 98 o1 60002
EXTEANAL
Lo ( é? GROUND

Figure 3-5. 6000 Unbalanced Connections
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Flgure 3-6. 80002 Balanced Operation Control Setup

3.2.4 600 Balanced Operation impedance for the output selected. For 6000
high impedance oulputs, use twisled pair of
Perform the fofiowing steps (using figure 3-6} o provide very short lengths of off-impedance BNC coax
a B00Q balanced sinewave output signal from 30 Hz 1o cabie or loss of amplitude bandwidth will cocur.
200 kHz at from 30 mVpp to 30 Vpp.
1. Press the Shift (42) and then the Reset key (2). 4. Connect the 8002 output (28) connector to load,
Connect the center tap, CT (28) to the signal com-
2. Selectthe 600§ output by pressing the SELECT key mon of the equipment providing the load to the
(24) until the 80022 indicator (26) is on. palanced outputs. See Figure 3-7 for correct con-
3. Press the following keys and then enter desired nectons.
value. Use the Cursor keys (39 and 40) and controt 5. Connect the SYNC OUT (23) connector as TTL
Knob (47), or the Numeric keypad (35) and Enter clock signal or equipment synchronization signal.

key (30), Entry will appear in the display (48).

s Press the Frequency key (3) and enter desired
output frequency (Hz),

[ EXTERNAL EQUIPMENT
* Press the Amplitude Units key (5] until the
displayed value of amplitude is in your pre-

ferred amplitude unitof Vpp, Vp, Vrms, or dBm, 30062

MODEL 98 EXTERNAL

s  Press the Amplitude key (4} and enter desired GROUND
output amplitude in Vpp, Vp, Vrms, or dBm, 300802
NOTE
When connecting the Mode! 88 output connec-
for to a load, use a cable with the correct Figure 3-7. 600Q Balanced Connectlons
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Figure 3-B. External Reference Operation Control Setup

3.2.5 External Reference Operation 3 Obtain an appropriate frequency reference with a
freguency output of 10 MHz and an amplitude

Perform the following steps (using figure 3-8) to operate between 600 mVp-p and 30 Vp-p. Typical sources

the Model 98 using an external signal to provide a of refe.rence frequencies include WWY Converters

10 MHz frequency reference to the generator's fre- and high-end frequency counters.

quency synthesis circults, 4. Connect the frequency reference source to the

1. First sat up the Model 98 to operate as a source of 10 MHz REF IN BNC connector (22) using BNC

50Q unbalanced {paragraph 3.2.2), 6008 unbal- coax cable and appropriate terminator.

anced (paragraph 3.2.3), or 80052 balanced (para- 5. Note that the EXT reference indicator (21) is on.

graph 3.2.4) sine wave output, .
o . . Operate the unit normally as it 1t were using s
2. Naote that the EXT reference irdicator {21) is off, internal reference.

3-14 Coreoarion
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Figure 3-9, Internal Sweep Generator Operation Control Setup

3.2.6 Internal Sweep Generator Dperation

Perform the following steps (using figure 3-9) to operate
the Model 88 using the internal sweep generator o
control the oscillator's frequency.

1.

First set up the Model 98 to operate as a continuous
{cw) source of 50Q unbalanced (paragraph 3.2.2),
8000 unbalanced (paragraph 3.2.3). or 600Q bal-
anced {paragraph 3.2.4) sine wave outpui.

Note that the Sweep Mode (8) is Off and that none
of the sweep mode indicators {7) are on.

Use Figure 3-10 1o select a Sweep Made. In the
figure, the ramps represent the instantaneous value
of oscillator frequency and the horizontal axis is
time. Sweep Start frequency (9) is assumed 1o be
set below Sweep Stop frequency (10}, but this does
not need tc be the case. Thereforein this figure, the
bottom of a ramp is the start, and the top of a ramp
is the stop. The time of one ramp transition, either
up or down, is the Sweep Time (12}. An aprupt
transition is a RESET, or ramp flyback time, and this
is less than 1 ms.

After selecting a mode from the figure, set the
generator to that Sweep Mode (B). Note that the
appropriate Mode Indicator (V) is on. The generator
is now sweeping if a continuous mode is selected.
Press the Trigger key {14) to initiale a sweep in 2
triggered mode.  Connect the selectad 5002 or

6002 output to an oscilloscope. The SWEEP QUT
BNC (8) can then be used as an external trigger,
second channel input triggering source, or as a X-
axis inpul (X-Y horizontal mode) so that the fre-
quency sweep can be synchronized and displayed
on the scope. The default settings will result in a
sweep between 1 kHz ang 10 kHz at a 1 second
rate. Modify the Start (9), Stop (10) and Time {12)
seftings as desired,

Using the LIN/LOG key (13}, select either linear or
logarithmic sweep function. The selsction will tum
on either the LIN or LOG indicator (18).

The sweep genarator should now be setup with the
desired sweep. The remaining controls and modes
are used tolocate features in the swept response of
the umit or circuit under test and read out the
frequency at the point of interest. For very slow
sweep times, the Sweep Hold {15}, frequency Moni-
tor {41}, and the Manual Sweep Mode (8) are most
useful. For faster sweeps, the Sweep Marker (19)
will be used.

To operate the frequency Monitor (41), set sweep
time to a vary slow sweep and press the key. The
display will read aut instantaneous freguency with a
rapid update time. Trigger asweep or allow itto run
continucusly, and cbserve the swept response as
the display reads out the frequencies being cov-
ered.

QOreranion 3-15
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10.

For a better readout at a point of interest, press Hold
{15) when the sweep is at a feature of interest. The
sweep i¢ held, and the display indicates the fre-
quency being held at. Press the key again to
resume sweeping.

Tomanually scroii back and forthirequencies being
covered by the current sweep setup, select Manual
Sweep Mode (8). The display reads out a number
betweean 0000 and 1023, which corresponds to the
1024 frequency points being selected for each
sweep. Therefore, this 4 digit number is a linear
indication of position within a sweep. Usg the
numeric keypad to set a 4 digit number that posi-
tions the sweep in the general area of interest, and
then use the control knob to fine setpoints of interest
within the sweep.

For a fast sweep, such as filter adjustments, use the
marker system. Press the Marker Setect key (20} to
turn on the MRKR indicator (17). The PEN LIFT/

1.

ManualsPlus.com

MARKER OUT BNC (13} can be connected to the
scope's alternate vertical channel or the chart re-
corder marker channgl pen as a timing pulse, The
marker generates a 1 ms positive pulse as the
sweep passes through the Marker Frequency (11)
setting. The marker can also be used to drive the Z-
axis input of most oscilloscopes {use varying load
resistance values 1o fine-tune intensity modulation)
to provide an intensity spot at the marker frequency,
Depending upen the scope, this will be either an
intensified or de-intensified spot.

The PEN LIFT/MARKER CQUT BNC (19) also can
provide a Pen Lift (or retrace blanking) pulse. Press
the Marker Select key (20) 10 turn on the PEN
indicator (18). Whenusing a chart recorder operat-
ing an oscillescope in the X-Y mode, this pulse can
be used io preventretrace. Connectittothe Z-axis
inputof the scope or the penliftinput of the recorder,

Cantinuous Sweep
antl Reset
(<)

Continuous Sweep
and Reverse
{CR)

Triggered Sweep
and Reset

M

Triggered Sweep
and Reverse
(TR}

Triggered Sweep
and Hald
(THLD)

Triggered Sweep
and Hold with Reverse
(THLDR}

Trigger
Event

Figure 3-10. Sweep Mode Characteristics.
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Figure 3-11. GPIB Operation Control Setup.

3.2.6 GPIB {Remate} Operation

This following paragraphs describe the Model 98 re-
mote operation (GPIB) procedures using an external
controller. GPIB Digital Interface conforms to 1EEE
4881 1978 subsets SH1, AH1, T8, TED, L4, LED, SR,
RL1, FPD, DC1, D71, €O, and E1.

Bemote operationof the Model 88 isvery similartolocal
operation, exceptthat the commands are entered and
received usinganexternal Controller, and notby prass-
ing keys and observing the display and indicators on
the front panel. The GPIB connector permits remote
control of all functions except Power switch {1}, Display
Intensity (38), Amplitude Units {5), Local key (43), and
GPIB Address key (45). Refer as necessary to Section
2 for descriptions of controls, indicators, and connec-
tors, and individual aperating procedures(paragraphs
3.2.2thru3.2.5). GPIB connector wiring daza is shown
in figures 3-12 and 3-13.

Perform the following steps {using figure 3-11) for re-
mote operation of the Model 88 signal generator.

1. Connect the equipment as shown below.

NOTE

Keep GFIB interconnect cable length below 2
meters (6.6 feet)

2. PerfarmModel@8turn-onprocedure (refertopara-
graph 2.2.3).

3. Oneoscillator front panel:

* Pressthe Localkey{43), verify thatthe display
(48}indicaies "LOCAL", andthatthe REMOTE
indicator {(44) is out,

» Press the GPIB Address key (45) and enier
desired address frorm 0010 30, Usethe control
Knab {47), or the Numeric keypad (35) and
Enter key (30} 1o select an address. Entry will
appear in the display (46). When the desired
address is displayed, press SHIFT {42) and
then GPLIB ADRS (STORE ADRS) (45) to enter
thenawaddressintonon-volatlememory. Fac-
tory default address is 09. Once set, this ad-
drass will not change until reset o another
address,

4. Sendacommand{examples: REMOTE7090rOUT-
PUT 702 ; 'FR 123,EX") to send the unitto Remote.
Commands are programmed using an external
Centroller and GPIB commands listed 'ntable 3-6.
Donet send the LLO {Local Lock-Out) at this time.

5. Verify that the REMOTE indicator (44) ison and a

narmal message is in the display (48) for the last
parameter sent.

6. Pressthe LOCAL key (43) and verify that the RE-
WMOTE indicator {44) goes off.
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Figure 3-13. GPIB Interconnect Wiring
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3.3 GPIB COMMAND STRUCTURE
3.3.1 Introduction

This paragraph tells how to contrel the Modei 98 re-
motelyoverthe GPIBbusandisdividedintothefollowing
topics:

Meodel 98 Commands,

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

Displaying Messages.

GPIB Keys.

3.3.2 Model 98 Commands
The following is a discussion of the Model 28 commands
and the rules that must be followed to apply them.

Commands Types
Command Syntax
Command List

3.3.2.1 Command Types

The Model 85 has four types of commands: paramsier,
enumerated, direct, and query.

The following text discusses each type of command
separately. Theexamples ferminate the commands with
semicolons (;) or closing quotes {*). The controlier may
send justthe command name without a value and the 88
will display that parameter’s current valug, Repiacing
thenumericalvaluewitha "?" {query) willmake the Model
98 display and send the currentvaiue tothe controller as
a string of characters. Do not send an Execute com-
mand aftera querycommand. See "terminators” for more
infarmation,

Parameter Commands

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

Format: <header>8PACE«<value»>TERMINATION

The header specifies the parameter and the value speci-
fies the numerical valug. Table 3-8 lists the parameter
commands and their allowable value ranges.

Example:

Sets the frequency at 2 kHz
Sets the amplitude at 3 Vp-p

TREQUENCY ZE3;
AMPLTTUDE 3,
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Enumerated Commands

Enumerated commands providealist ofdistinct choices.
Either the name or numerical value can be used (see
exampla).

Format: <header>8SPACE<arqument > ERMINATION

The header specifies the parameter and the argument
specifies the choice. Anumber or a descriptive charac-
ter string can be used for the argument. Table 3-6 lists
the enumerated commands and their arguments.

Exampie:

Catput L
or } Selscts the 5002 output,
Qutput Uzbalanced

Direct Commands

Direct commands make the Model 38 perform an imme-
diate action.

Format: <header>TERMINATION

The header specifiestheaction. Directcommands have
no value or argument. Table 3-6 lists all the direct com-
mands.

Examples: ,
RISET: Resets 98 parameters
EXECUTE: Executes preceding commands in

string.
Query Commands

Query commands tell the Model 98 to sendinformationto
the controller.

The Model 98 will not send the information when it re-
ceives the command, but will wait until the controlier
subsequentlyaddressesitasatalker, Query commands
can be sentonly one ata time. if iwo or mare are sentin
a query string, the Model 88 will respond only to the last
ohe,

Format: «<header>» <?>TEIMINATION

The header specifies the type of information, Because
all parameter command headers (and mestenumerated
command headers} can also serve as query headers,
the question mark tells the Model 98 t¢ send (rather than
receive) the information. Certain other headers appear
only in query commands. See Query Commands in
paragraph 3.3.2.2, 98 Command Syntax for a sample
query program.
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Pararnegter Header Examples:

Returns cuirent fraquency.
Returns clrrent amplitude.

TREQUENCY?>"
AMPLITJDET"

Enumerated Header Example:

CUTPUTSELECT?*  Returns current output type.

Query Header Examples:

MATNPARAMETERS?" Returns current setup.
SROT" Returnscurrent SRO buffer.
STATUSBYTE?" Returns status byte.

3.3.2.2 98 Command Syntax

Commands sentby aninstrument controllertothe Model
98 mustiollowthe syntaxgivenintabie 3-5. Thefollowing
textdiscusses command operation, command process-
ing, semicalons, minimumunigqueness, and ?commands.

Command String Operation

The command string at the top of the table (written 1o run
ona particular model of Instrumentation Controlleryworks
as foliows:
WRITE @ 709:"FR 224;0 1;AM S0E-3;FR; EX"
FR 2E4 Sets the frequency to 20 kHz.
o1 Selects unbal 508 as the output.

aM 50E-3 Sets the amplitude to 50 mvp-p.

FR Teils the Modei 98 to display the fre-
Qusncy menu.
=X Makes the Model 28 convert all these

commands to a signal autput,
How Does the 98 Process Commands?

The 258-character listen buffer receives the commands
from the controller. If the buffer fills up or the GPIB
transmission becomes idle, it will distribute its contents
tothe nexi-setupregisters, thenagain accept commands,
The commands in the next-setup registers will not take
effect until the Model 98 receives an Execute ar GET.

The listen buffer accepts all commands regardless of
syntax errors. When the Model 88 processes the com-
rmands in the listen buffer, it copies the defective com-
mands over into the 3RQ buffer and labels them with
PE:Oto indicate defective syntax. Anaskeriskis placed
in the SRQ buffer immediatsly after the unrecognized
command. The parameters and functions that the de-
fective commands would have changed retain their pre-
vious values. If a command appears nthe SRQ vuffer,
tha Model 88 ignares it.
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Separators

A separator is used to punctuate multiple commands in
asingle command string. Althoughthe Model 88 recog-
nizes semicolons (), commas{,) and spaces as separa-
tors , commas or semicolons greatly simplify debug-
ging. Wnen the conirolier sends the Miodei 98 more than
cnecommand inastring, theindividual cormmands should
have commas or semicolons ;) inserted betweean them
as separators. When using spaces, the Model 98 will
copy (and ignore) all commands after the first defective
cammand into the SRQ buffer. With commas er semico-
long, the Model 38 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 FRZEL should read "FR 224" )

With Semicolons:
Write @ 709:"FR2ZE4;0 1;TR;TX"
Message: SRQ = /PE: 0 TR2E4*/
Without Sermicolons:
Write B 709:"FR2E4 O 1 FR;EX"
Message: SRQ = /PZ:0 FR2E4L* O 1 FR EX/
Terminators

A terminator is imtended to tell the receiving instrument
thatithasreachedthe end ofthecommandstring. When
addressed as a Listener, the Mode! 88 handles separa-
tors andterminatorsihe same. Anyofthe commontarmi-
nationcharactersiikelytobesentby a Controlier {CR, LF,
or ElO in any order) are recognized by the Model 88,
When addressed as a Talker, the Model 98 sends the LF
andpulsesthe EOllow afterthe end of aquery response,

Minimum Unlguensass

The Model 98 will interpret the following command lines
exactly the same. String 1 uses the minimum character
seteach command requires, string 2 uses longer abbre-
vigtions that contain each command's minimum charag-
ter set, while string 3 completaly spells out each com-
mand. The expansion of the cutpui select command (0
i, OUTSEL U, and QUTPUTSELECT UNBALANCEDS()
demonstrates the use of numbers and descriptive char-
acterstrings inthe argument of enumerated commands.

write & 709:4FR 2E4;0 1;FR;EX” (1)
Write @ 709:

“FRIQ 2E4;OUTEEL U;FREG; EXEC (2)
wWrite & 709:

"FREYJIENCY 2E4 ; GCUTPUTSELECT UNBALANCEDS ()
s FREQUINCY : TXFCUTE" {3)



Query Commands

Query commands (such as FR?) make the Model 98
return the current setting of the parameter as a string of
characters and require a programto make the controller
use the returned daia. The following sample program
requests the data, accepts it, and writes it to the particu-

lar Instrumentation Controller's screen.
Program Statements Explanation
15 CLEAR Clear screen

Write command io
Model 98 (port 7, ad-
dress 09}

Dimension string.

20 WRITE @ 708:77R?”

30 DIM STRINGS*25

40 HTAD E70%:3TRINGS 18a

in

{ PRINT STRINGS Print string to scresen

[+2}

0 END End program

3.3.2.3 98 Command LIst

Table 3-6 uses the following format 1o list and briefly
describe the complete Model 98 GPIB command set.
See the detailed command descriptions part or the cor-
responding menu key description for more information.

Command Range/String Function
PRequency 13-6 TO ..l1E6Setsthe frequency.
TRequency? FREQUENCY n Returns frequency n.

Selects a channsl
output waveform.

Cutputselect oto 3
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Command Column

1) Lists commands alphabetically by their full names.
2) Indicates minimum uniquenass with capital letters.
3) Indents command arguments.

Range/String Column

1) Givesthevaluerangeforeachparametercommand.

2) Givestheargumentnumberrangefereachenumet-
aled command.

3) Liststhe arguments (names and numbers) for each
enumerated command.

4) Gives the siring returned in response to each query
command.

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

2) Usesanasterisk (") toindicate further explanationin
the detailed command description section.

Minimum Uniqueness

Capital letters {Outputselect) indicate the minimum let-
ter combination required by the Modal 98. Use just the
caps (0}, alonger abbreviation that contains allthe caps
(OUTSEL), or the entire command (OUTPUTSELECT),

Other Sources of this Data

The HELP? command provides less complete forms of
the data given intable 3-6. HELP? sends alist of all the
commands, arguments, and ranges to the GPIB control-
ler.

Table 3-3. Model 98 Command Syntax

Typical Command Line: WRZTE @709:"FR ZE4;C 1;TR;ER”

Varies depending on the controtler. This particular format used throughout this rmanual tells
the controlter 1o send the command string out port 7 (the GPIB port) to the Model 28 (at
address 09 on the GPIB bus).

WRITE @ 703

P e T | -
Hi

[y [y 4
LIS LIS CLTTINTISE T ol

_ — g inquoles

delimiters.

; Separate commands with sernicolons. See "separators” and “terminators” in the text for the
reasons for this requirement,

E Use exponent notation to avoid entering long strings of zeros, For example, enter 206000 as
2E4 and 0.005 as5E-3.

TR Use the minimum unigueness version {FR), a longer version that contains the minimum

FREQUENCY uniqueneass letiers (7R}, or the full version (FREQUENCY) of sach FREQUENCY command in
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Table 3-3. Model 98 Command Syntax

Typical Command Line: WRITE @709 ;"FR 2E4;0 1;TR;EX”

Syntax Explanation

programming. Table 3-6 speils outthe commands and indicates the minimum unigueness
with capital letter (FRequency). The text gives examples of {ull, partial, and minimum
unigueness command strings,

o1 Enumerated commanedsthat selectafunction{suchas 0, OUTPUTSELECT}allowthe output
tobe selected by either number (1) or by name (U), (unbalanced 50Q output). Table 3-6 lists

ouU the enumerated commands and their arguments.
;CMD; Drop the numerical value of a parameter command to make the Model 28 display that

parameter, For example, ; ay; will display the amplitude. Use this feature in step-by-step
operation to follow and verify program operation,

EX” Place an Execute command at the end of 2 command string to make the Model 98 put the
commands into effect. The Model 88 will accept commands and put them in the pending
setup registers, but it will not genaerate their output untilan Ex command is sent. Ex alsoputs
the Model 88 in the “listen for more commands” mode; therefore, do not put EX after aquery
{?) command as it will prevent the Model 38 from returning the answer.

¥ Replace the numerical value of a parameter command with & " 7" to make the Maodel 98
return the current setting of that pararmeter as a string of characters. Table 3-6 lists the query
commands and shows the format of the returning strings. Query commands alse make the
Model Model 98 display the menu of therequested parameter. Thetextgives ashort program
that makes the controller accept and dispiay the returning information. Do not use £X after
a ? command.

Tabie 3-4. Model 98 Command Set

s

Range/Value
Command Abbreviation . Min Max Description
! f
aMplitude - M iSE-3 30 Set Amplitude in Vpp
EMplitude? POAM? | i Request current Amplitude setting (Vpp}
| - |
CeNterfreguency | CHN L0 1E§ | Setocenter frequency of a sweep
CeNterfrequency? | CN? I Request current center fraquency
| |
DEm | D3 -43.3 27.5 | Setamplitude in dBm
DEm? I DB? | Request current ampliude (dBm)
! i
EXecute i EX © Execute previous commands
FRequency  FR 1 1.185 . SetFrequencyinHz
FReqguency ? FR? _ Request current Frequency setting (Hz)
Feip? H57 Request this Command list
HoLD . ELD : Siopthe sweep
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Table 3-4. Model 98 Command Set (Continued)

Range/Value
Command Abbreviation Min Max Description
MainParameters? MP? Reguest current main paramesters
MoNitcrTred? MNZ? Reqguest instantansous swesp frequency
Cutputselect 0 0 2 Set Qutput type
Qff Q 0 Set Output off
UnbalancedsD u 1 Set Output 1o 500G Unbaianced
Balunbal&00 3 2 Set Qutput to 600Q Balfunbal
Cutputselect? az Request current Qutput type
PaRameterresez | PR Reset currently selected parameter
Resco iR Reset parametars except GPIB addrass,
Display Intensity, and Amplitude Units
ReSuMe A8 Restart a held sweep
STATLIreqguency STA 1 1.1E6 Set sweep start frequency
STArtIregrency? STA? Request current sweep start frequency
STOp I raguency =lale] 1 1.1lE6 Set sweep stop frequency
STOpfreguency? 8707 Request current sweep stop freguency
SweepTime g7 E-3 1E3 Setsweep time
SweepTime? g7T? Request current sweep time
SweepTunc SF # z Set sweep linear or log function
LINear LIN 0 Set sweep to linear
LoGarithnic 106 1 Set sweep to logarithmic
SweepFunc? 377 Request current sweep function
SweepMode ax 0 7 Set sweep moade
off 0 {0 Set sweep mode off (cw)
Continuous C 1 Set continuous sweep mode
ContwizhRey CR 2 Set continuous with reverse sweep
Triggered T 3 Set riggered sweep mode
TrigwizhRev TR 4 Set iriggered with reverse sweep
TrigHolLD THLD 5 Set triggered hold swesp mode
TrigEoiDwithRev @ THLIR E Set friggerad hold with reverse sweep
Manual M 7 Set manual sweep mode
SweenMode? SH? Request current sweep mode
SweepIndex &7 ! 2023 Set manual sweep index
SweepIndex? ' 527 Request current manual sweep index
i
SELect 53 C Z Set sweep marker or pen lift output
Marker M 0 Set cutput to marker
Fen.ift P 1 Set output to pen lift
SELect? 25,7 Request current marker or pen lift selec-

tion

OperaTiON 3-23



ManualsPlus.com

Table 3-4. Model 98 Command Set (Continued)

Range/Value |

Command Abbreviation Min Max Description
STTSTaRt SETSTR Set manual sweep, index = 0000
SSTSTOP SETSTF Set manual sweep, index = 1023
SroMask soM 0 255 Set Service Request Mask value
SroMask? SOM? Request current SRQ Mask value
SRO? SRO? Request current SRC buffer contents
STatusByta? STB? Reguest current serial poll Status Byte

valua

Sranfrequency sp -1=6 126 Set sweep frequency span
spanfirequency? ep? Request current sweep frequency span
TRiggersweep TR Triggers a single sweep
Version? v? Reguest software version numbaer
voltsPeaktoPeak | VDD 15E-3 30 Set amplitude in Vpp
VoltsPeakcoPeak? VPP? Request current amplituds in Vpp
VoltsPeaK VPE 7.5E-3 15  Setamplitude in Vpk
voltsPeaK? VPH? Request current amplitude in Vpk
VoltsRMs ! VRM '5.3E-3  10.6 | SetamplitudeinVrms
VoltsiMs? i VEM? Requsst current amplitude in Vims

3.3.3 Universal and Addressed Commands

Universal and addressed (UfA) commands make maost
GPIB instruments perform generally accepted standard
functions, Usually, universal commands control zll the
instruments on the GPIB bus, while addressed com-
mands control individual insiruments at specific ad-
dressesonthebus. The Model 98 accepts the following
UfA commands:

Command Type Function
DCL Universal Device Clear
SET Addressed Group execute trigger
GTL Addressed Goto local
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LLO Universal Local lock out
command
snc Addressed Selected device clear

Paragraph 3.3.4 (detailed command descriptions) dis-
cusses these UFA commands and selected Model 88
commands in detail.

U/A Syntax

This manual uses generic names to identify the universal
and addressed commands and the functions they per-
form, individual controllers will use differentty named
commands 1o perform these same functions. Sae the
manual for the controller being used to determine the
actual commang names and the syntax they require.



3.3.4 Datalled Command Descriptions

The following paragraphs describe in detail the unigue
Model 98 GPIB commands that perform functions not
controfled by the front panel and also the GFIB universal
and addressed commandsrecognized by the Model 98.
Use the following list to identify these specialized com-
mands.

Command Type Description
noL Universal Device Clear
GET Address Group Execuie Tiigger
GTL Address Go Te Local
HELE? a8 HELP?
110 Universal Local Lock Out
M27? o Main Parameters?
GRO? a8 Service Reguest?
SOM g8 Service Request Mask
SOMT 88 Service RequestMask?
STE? 98 Status Byte?
V7 o8 Version?

GPIB Control

The Madsl 98 limits the operator's use of the front paned
with two levels of increasing restrictions as shown in
table 3-7.

The Madel 88 switchas to GPIB gantrol when the instru-
ment controller asserts the GPIB REN (remote enable)
line and sends the Modsi 98 its listen address. The
pariicular instrument controller command string WRITE
@799 - command siring - will automatically
pafform these two actions. The GPIB control restricts
further front pane! operation as described in table 3-7.
ThéRade: 98 will remain under the GPIB control untitthe
aperator presses the Local key.
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LLO Command
Allinstruments on the bus recognize the universal com-
mand LLO; it cannot be directed to just one instrument.
LLD restricts operation of the Mode! 98 front panel as
described in table 3-7 For a particular instrumentation
Controller, 1.0 hasthe format LLO @7, whera 7 specifies
the GFIB bus port of the controller.

GTL Command

GTL Ccances the LLO comma urma
98 front panel to full operator control, Allinstruments on
the bus recognize the addressed command GTL; how-
ever, itmust be sentto each instrumentindividually. The
particular Instrumentation Controller usesthe LCL com-
mend to issue GTL commands, LCL @7 sends GTL
commands to all tha instruments on the bus, white LCL
@709 sends the oTL 1o just the specified instrument. In
these command formats, 7 specifies the GPIB bus port
of the controller and 05 specifies the address of a par-
ticular instrumenton the bus, LCL becames effectiveon
receipt; the Model 98 does not require that it be followed
with ancther command.

GET Command

Tha Group Execute Trigger command, GET, executes
andtriggers whatever trigger functionis set up withinthe
instrument. All instruments on the bus recognize the
GPIB addressed GET command. However, GET can
alsobesenttojustoneinstrumentatatime. The Modei 88
performs an EXECUTE immediately on receipt of the
GET command, and if in a triggered sweep mode, it
initiates a single sweep.

Table 3-5. Front Pane! Restrictions

IF Front Panel Operation is Limited With —
THEN the Operator Can:

See the Scresn Display?
Disptay Parameters?
Take Control Back From the GPIB?

Change Parameters?

" Nothing GPIB | LLO
Control . Command

| Yes Yes Yes

L Yes Yes Yas

I Yes Yas No

; Yss No No
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HELP? Command

The HELFP? command makes the Model 98 return alist of
the Model 98's primary and secondary coemmands and
their imits as a string to the controller. ZELP? requires
that a programbewrittento make the instrument control-
leracceptandprintthereturned list. The fallowingsample
program requests the list, accepts it, and sends it fo a
printer connected to the GPIB bus. Table 3-6 provides
the same information as the list this program prints.

Sample HELP Print Program

100 DIM Ag*255 Dimension String to 255
characters,

102 PRINTER IS @704 Printeris at port 7, ad-
dress 04,

110 WRITE @709:“HELP?*Write HELPtoport 7,
address 09.

120 READ @709:A% Read the String

130 IF a%="0" THEN 170 lWsiringis "0" jump {o
170

243 PRINT A% Print the list

150 GO TO 1240

170 END End Program

MainParameters? Command

The Mp? command makes the Model 88 return the cur-
rentsetting of the Model98's mainparameatersasastring
tothe contraiter. The controller can save this string, then
send it back to the Model 98 at a fater time to restore the
parameters to their previous values.

DCL Command

The pzL command reseis the Model 98 1o the power-up
conditions, but leave it in the remote (GPIB controlled)
mode. All instruments an the bus recognize the GPIB
universal command DCL {device clear). Toresetevery-
thingonthe bus, useDCL 87, where 7 specifiesthe GPIB
bus port of the controller. To reset just one instrument,
use DCL @70%, where 09 specifies the instrument ad-
dress. The Model 98 resets itself immediately when it
receives either command.

Reset Command

The Reset command resets the Model 98 to default
conditions (paragraph 2.3.3).

Version? Query

The versicn? query makes the Mcdel 88 return the
software version of the Model 98 EFROM as a string of
characters Versio=? requirgsaprogrem tomake’ha
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instrument controller use the returned string. The follow-
ing sample program reéguests the version, accepts it
and writes it to the controller's screen.

Sample Version? Print Program

LR LN
L DAAD

3
e}

Write VERSICONTY to
port 7, address 09.

WRITZ @703:+v?"

%
[}

30 DIM YERSICONS*S0 Dimension string to

50 characters.

40 READ B709:VERSIONS Readrsturning string

50 PRINT VERSIONS Print string to screen

65 END End program

Running the above program will produce the following
display:

WVTK 98 (VX.XX)

I this display, x. xx gives the version number.

3.3.5 Service Requests

The following paragraphs discuss the concepts of serv-
ice requests, describes the commands associated with
them, and then lists the sarvice request messages that
the Model 98 generates. The Model 98 can setthe SRQ
line whenever a programming error ooccurs or aneventis
comipleted.

SRQ CONCEPTS
What Does the Service Request Teli the Controiler?

The Model! 98 service request tells the controller that the
Model 98 wants altention. The Model 98 makes-the
request by asserting the SRQ line of the GPIB bus. Be-
cause any instrument onthe bus can assert this line, the
controller must perform a serial poll and read the STA-
TUS BYTE of each instrument in turn to determine which
one requested attention.

What Does the Status Byte Tell the Controller?

TheModel 88 uses three of the sightbitsinits status byte.
Cnetelisthe controller if the Model 98 requested service.
The others indicate the type or types of messages (pro-
gramming error or event compiete) that the Modei 98
wantatosend. Figure 3-14 shows the format of the Model
98status byte, Ifthe controllerwants toknow the specific
message withinthe category, itmustread the Model 98's
SRQ buffer using the SRQ? query.

What Does the SRQ Buifer Tell the Controller?

The Mode: 98 5RQ buffer slores the programming error
and event complete messages untll the controller car



read them. Tables 3-8 thru 3-12 list ali of the SRQ mes-
sages.

SR COMMANDS

The following paragraphs discuss the commands re-
lated to the service request mask, the status byteandthe
service request messages.

SRQMask Command

The sg command makes the Model 98 selactively
ignare ane or mare of the two types of condtiions that
make it produce service requests. Forexample, if pro-
gramming errors were masked out, the Model 98 would
not load messages for specific programming errors into
the SRQ buffers 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 and EV messages. The SRQ
mask is reset 1o SRQ mask #1 {programming errar only)
on power on. 1tis not changed by *RESET”

SROMask? Command

The sgM? command makes the Model 88 return the
current mask setting to the controller. The Model 98
sends the SRQ mask setting as the character siring
SROMASK#, where # gives the decimal equivalentofthe
binary mask bits. To use SIQMASK?, write a program
that first asks the Mode! 88 to send the mask, then tells
the controller how to receive and process the returning
string.

$TatusByie? Command

The sT3? command makes the Model 88 send its cur-
rent status byte 1o the controller over the GPIB bus. The
Model 98 sends its status byte as a string of characters
with the format 87B=#%, where % gives the decimal
equivalent of ihe status byte. STatusByte? reads, but
does not reset, the status byte of the Model 98. To use
STatus3y-=?, write a program that first asks the Model
88 to send the status byte, thentelis the controlier how to
receive and process the returning string.

SRQ? Command

The SrRG? command makes the Model 98 send the con-
ients of the SAG butier 1o the conirolier ovar e GRIG
bus. The Model 88 sends its SRQ buffer contents as a
string of characters with the format SRQ = MEZSAGES,
where ¥ESEACESTepresentsastringofmessages. Read-
ing the SRQ buffer empties it. To use SkQ?, write a
program that first asks the Model 98 to send the SRQ
butfer messages, then tells the controller how to receive
and process them.
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SRQ MESSAGES
SRQ Message Format

The Model 98 puts messages in the SRQ buffer in this
general format:

SRO=/PE:» Description//EV:n Description/

Slashes (/) enclose each message. PE identifies a pro-
gramming error message and BV an event compiste
message. “n” identifies a type of message within the
clags. This fixed format header allows a computer to
easily parse (decode) the message. “Description” de-
scribes the error in English for the benefitof humanread-
ers. Table 3-8 lists all the SRQ programming error mes-
sages and table 3-8 iists all the SR event error mes-
sages.

3.3.6 Displaying Messages

The Model 98 can accept messages fram the GPIB bus
and displiay them on the front panel display. Use this
feature to give instructions to an operator or o display
informaition.

Command Format
Send messages in this format:
WRITE ©709:" *TEXT' *

The standard clouble quotes () identity the command
string. The single quotes (') identify the contents as a
message rather than commands. Messages do notre-
guire an Execute command.

Although the Madel 98 accepts sither single or doubte
guotes ag string delimiters, the controllsr inour éxamples
interprets the doubie guotes as its own program string
delimiters. This restricts use to the single quotes for
Model 98 display strings when using the particular con-
troller used throughout this manual. Other controllers
might reverse this situation.

Message Size

The screen will allow a maximum message size of 16

Aancra omg characters
Wi Ignore any onaraciers

charactars. The Modse! 28 wilt |

beyond these limits.
Erasing

Press any manu key or send ancther GPIB command
string toreturntonormal Model 88 displays. Toerasethe
previous message, send a new message.
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Table 3-6. SRQ Programming Error Messages

Command Description
/PE:0 < defective commwand " The Model 98 did not recognize the command it received. The
string » * <rest of com- < defective command string >Iistheunrecognized porticn ofthe
mand string up to separators command string,
/PE:l < parameter header >: Thisis alimit error. An attempt was made to set a parametar 1o a value
LIMIT ERROR/ i outside of its maximum range. The < parameter header > is the
maximum header string, €.g. “FREQUENCY”.
/PE:2:CONFLICT <« param$ »: This is a setting conflict error. This service request will ocour
< param name > after an execute command if there are confiicting settings. It will
only flag the first conflict that it finds.
< param# > < param name >
1 FREQ>2{0KHZ IN 6000HM
2 FREQ«3IJEZ IN &0004M
3 START>200KHZ IN 600CHM
4 START<30HZ IN 6000HM
5 STUP>200KHZ TN G00OHM
6 STCF«3GHZ IN o000HM
7 EMPL>15vPE IN 500HM

Table 3-7. SRQ Event Complete Error Messages

Command Description

/EV:1 EXZCUTE COMPLETE/ Thismeansthatexecutewas complete. After anexecute command, the
iModel 98 will send either this service request or a PE:2 (assuming hoth
PE and EV SRQ's are enabled by the SRQ mask).

tndicates that 98 Hequested Service Because;

Event

Programming Error
¥ ;

X ReY X| X| X|EV| X |PE SAQ STATUS BYTE

AlRsY X| X| X|EV| X |FE SHQ MASK BYTE

7| Bl 5| 4| 3 g 11 0O BIT POSITION

12d 64] 32| 16| 81 4 2] 1 8IT WEIGHT

Figure 3-14. Model 98 Status Byte and SRQ Mask
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4.1 THE MODEL o8

The Model 88, a 1 MHz synthesized
operates with synthemzer accuracy (=2
resolution (8 digits) overthe 1 uHz1o1.1 MHzrange The
two waveform outputs are a low distortion {<0.03%} sine
waveand a TTL sguare synchronizaiion signal. The sine
wave can appear at a BNC {unbalanced) at a 50Q
source impedance ¢r ai a transiormer-coupied hanana
fack output {balanced or unbalanced) at a 6000 source
impedance. Amplitude is selectable from 15 mvp-p 1o
15 Vp-p at the 50Q output or as 15 mVp-p 1o 30 Vp-p at
the 60082 ouiput.

The Model 98 consists of three separats assemblies as
shaown infigure 4-1 and the Instrument Schematic (0004-
Q0-0867): motherboard, front panel, and rear pansl. The
matherboard links all the assemblies within the Model
g8, Additionally, it receives input data from the front

ower osc‘iiiatur.
-+
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SECTION ‘I'

CIRCUIT DESCRIPTION

panel, processes that data inte commands and control
lings, and distributas the commands and controllines to
the other agsemblies. The motherboard also routes data
from the assemblies back to the front panel. The front
panel contains the operator interface: keypad for pa-
rameter selection and value entry; control knob forvalue

entry; the display for cutput signal information, operater

maossages, and error codes; and LEDe for front pane!

annunciation. The waveform generator produces the
generator's two basic waveforms: squareandsine. The
output circuits buffer, amplify and attenuate the wave-
form. The rear panal assembly containg the unit's power
input connector, power transformer, and fuse,

Signal Flow

Signal flow through the Model 98’s assemblies origi-
nates in the waveform generation circuits on the moth-
arboard (see figure 4-1). The motherboard routes both

AC PCYWER
LINE FLLTER REARPAMELASSEMBLY
Wr TRANSFORMER
MOTHERBOARMSSEMELY
5
B POWER
il SURFLY
h 4 -y

MICRIPROCESSOR

CIRGLITS CONTEOL !
AT

w

G
OATA

WEY RATRIN

SWEEP REF PEN .IFTY SYNC B0 BT
OUT N WAAKER QUT ouT

INTEFFALE

FRGNTPANELASSEMBLY

POWER JIFPLAT AND
EWITCH ARMUNCIET N

KEYBOARD

Figure 4-1. Model 98 Signal Flow
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waveforms through various amplitude control, buffer,
output, and attenuation circuits to the Sync Out (TTL
square) and the 500 and 600Q Main Cutputs (sine),

Figure 4-3, the detailed motherboard block diagram,
shows these circuit blocks and details signal flow be-
ween them,

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 lines for the Model 28's circuits.

4.2 DETAILED CIRCUIT DESCRIPTION

4.2.1 Motherboard Assembly

The mother board (see Figure 4-3 and schematic 1104-
00-3488) provides overall control, interconnection and
signal routing, power supply voliages, internal refer-
gnce frequency signals, and remote operation, and the
waveform generation and output conditioning circuits in
the Model 98. The mother board sends and receives all
dataand control signals to and from the circuits, Allinput
and output connectors located on the front and rear
panels, except the inpul power connectar, connect
through the mother board.

The mother board contains:

Microprocessor Circuit

GPIB Interface Circuit

Contrel Registers

Fing Amplitude Control

Heference Clock

Address Generator Circuit.
Waveform Memory

Waveform DAC

Preamplifier

1 MHz Low Pass Filter

Coarse Amplitude Control Circuit
Qutput Amplifier and Attenuator
500 Attenuator and On/Off Contral
600Q Balanced Qutput Driver
Sync Output Conditioning and Butfer
FPower Supplies Circuit

Sweep Cut and Marker Drivers

4.2.1.1 Microprocessor Circuit

The microprocessor circult {schematic 1104-00-3498
sheet 2) receives input data from the front panel key-
board and contrei knob, or GPIB interfacs, processes
the data, and provides data and control lines for internal

4-2 Circuim DESCAIPTION
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operation. The microprocessor circuit consist of amicro-
Brocessor, a processor support cantroller, and memory
(RAM and ROM). There are no test points or adjust-
ments in this circuit.

The microprocessor U2 {Motorola MCE803) controls the
MiCcroprocesser circuit and provides 16-bit daia mem-
ory location addresses. The microprocesser performs
computations as defined by the operating system in-
structions in memory {ROM) and provides the 8-bit
outputfor the memory (RAM) and GPIBinterface Cirguit.
10 MHz crystal Y2 provides a frequency signal from
which the microprocessor creates all timing signals.
D3S11is & "life light' LED which flashes to indicate normal
operation of the microprocessor and its internal busses.
U1 is an integrated resst generator used 1o detect
power-up and power-down and provide a master RE-
SET signal. U3 is a EPROM which containg the unit's
firrmware. U4 is an 8K X 8 RAM which has associated
battery back-up components. When these components
and Lithium battery are not used, the RAM receives
short-term memory retention voltage from C154. US is
an EEPROM, providing 256 bits of additional non-vala-
tile memory. The P1010 P17 inputs {o the microproces-
sor are connected to the scanned key matrix columns
on the Display/Keyboard printed circuit assembly.

Themicroprocessor designis made very simple through
the use of an ASIC L8| device, U5, the Processor
Support Chip (P5C288). All other necessary functions
of an 8-bit microprocessor system not mentioned in the
above paragraph are contained in the PSC. These
functions include separation ofthe multiplexed Address
and Data busses, address mapping, external [quist)
address and data busses, parallel-to-serial conversion, [/O
selection and strobes, interrupts, frequency and voltage mea-
surement interfaces, and encoder knob decoding. The PSC
device is socketed o facilitate maintenance,

4.2.1.2 GPIB Interface Circuit

The GPIB interface circuit {schematic 1104-00-3488
sheet 3) allows remaote cperation of the Model 98 using
an external I1EEE-488 compatible controller. All fung-
tions except power, display intensity, amplitude units
and GPIB address are programmable using the inter-
face. The GPIB circuit consist of a GPIB contraller and
two transceivers. This circuit contain no test points or
adjustments.

The GFIB controller {(Motorola MCE8488) 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 ngither the signal
generator nor the remote contrelier will send data faster
than the other can use. The coniroller has internal



registers where control, data, and address words are
loaded and stared until needed or requested. The
controller bus connects to the microprocessor Gircuit
address bus A0-A2. The identification address of an
instrument is determined by tive bits in the controller
address register. The default address automatically
loads inio the contraller from EEPROM at turh-on. Anew
address must be entered using the front panel keypad.

The transceivers permit bidirectional flow. They have
sufficient input sensitivity to minimize false signals and

N L 0 T N b= =T] 11
SUIMGient Grive CUimani 1o minimiZe sighia 1355,

4.2.1.3 Control Registers

The controi registers (schematic 1104-00-3498 sheet 4)
consistof U10, U11, and W12, U10isa 3-line binary to
gighi-iing decimal decodsr/demultiplexer.
are normally high, except when an enable input is
strobed low the output corrasponding to the binary code
of the ABC inputs is also strobed fow, U11and U1Z, the
data registers, are octal D-type flipflops. Te change
one of the data fines at the right of the schematic, the
processor sets guiet address lines QAG-QAZ 1o select
the data register driving thatline, sets the quist data bus
to the pattern of the new data that will appear at this data
register's outputs, and then strobes the REG-STBA ine.
The data ragisters hold their outputs constant until they

are clocked by U0,

Tha e oy e b
1T WAL LD

4.2.1.4 Fine Amplitude Control

This sircull can be seen on sheet 7 of schematic 1104-
00-3498. Serial data from the PSCis appliedtc the Fine
Amplitude Control block which fing adjusts the de refer-
ence voltage to the Waveform Digital to Analog Con-
verter (DACY. This circuit can be seen in the lower half
of sheet 7 of the schematic. The waveform DAC, U21,
operates best when *REF-" is -1 VYde and an amplitude
control voltage more positive than -1 Vde is applied
thraugh a current setting resistor sa that approximately
600 A flows into "REF+". The junction of R36 and R37
determines a +1 Vdc reference voltage. Thisis inverted
by U26B to -1 Vde which is applied to "REF-", pin 18, of
U21. The output of LU26A is made to vary from approxi-
mately +5 Vdc to +3.5 Vde. This puts approximately +6
Vdc to +4.5 Vdc across the series combination of H4Z,
R43, and R24 to the "REF+" input, which causes refer-
ence current to vary from 600 WA to 450 pA. This keeps
the waveform DAC between full scale and 75% of full
scale. Fine amplitude control is set between these
values when serial datais appliedto ancther DAC, U25,
producing a pesitive fine amplitude conirol voltage at
YOUT, pin 9. This voltage is summed into U26A, which
drives the "‘REF +" terminal. The waveiorm DAC gener-
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ates a 40 mA full scale output with a 800 pA reference
current and maximurn digital word, for a 1 Vp-p analog
output across 2580,

4.2.1.5 Reference Clock

The Refarence Clock circuit (sheet 5 of 1104-00-3498)
selects eithar the internal or external 10 MHz reference
frequency. The selected reference is scaled, buffered
and distributed tothe wavetorm generation circuits. The
cirguit is shown in page 5 of the Model 98 schematics.
The intornal 10 MHz reference is Y2, and it normally
passes through U150 and C and U16 {divide by 2) fo
U147 for bulfering and distribution to various clocked
logic devices. The external 10 MHz may be appliedto
the 10 MHz REF IN BNC. Signals input to IN1A pin of
U1i4 are ac-coupled, zero-crossed, and converted to a
TTL lgvel sguare by the comparatar. U14's output is
connected to U15B and through a passive filter network
ta the IN2A input of L14. The filter (R18, L1, C17, and
R19) passes signals that are 10 MHz #10%. CR8 and
C18 peak detect any signals that pass through tha filter.
When a 10MHz signal is present atthe QUT1 pinof U14,
the peak detector charges enoughtomake IN2A greater
than IN2B. Then REFSENSE, which is normally high,
goes low. When REFSENSE is high, the internal 10 MHz
is inhibited at U150 and the external 10 MHz passes
through U15B and C. REFSENSE is periodically read by ihe
micropracessor, and LED annunciation keeps the user in-
formed whether the intemal or extemal reference is selected.

4,.2.1.6 Address Generator

The Direct Digital Synthesis {DDS) waveform generation
circuits include the Address Generator, the Waveform
Memory, and the Waveform DAC. The Address Genera-
tor (U18 on sheet 6 of schematic 1104-00-3498) is a
Wavetek proprietary CMOS ASIC device with a part
number of "PA4800". It generates addresses for the
waveformmemory through atechnigue known as"Phase
Accumulation”. Figure 4-2 below illustrates the Phase
Accumuiater:

#DCER QUTRUT | ‘

REGISTER LN , REGIBTER
|—/ SUM —N\ o a J
N —N . d Address Gun
), [ — |

Phase
Inerament
from P ok

Figure 4-2. Phase Accumulator Block Diagram.
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Based on the programmed frequenscy, the micropro-
cassor calculates a phase increment vaiue and applies
it to the Input Register of the PA4800. This phase
increment value is applied to the B input of the adder
and hald constant until frequency is changed. The sum
of the A and B inputs is applied to the Output Ragister
D input, and on a clock edgs, is transferred to the Q
putput as an address. The address is also sent back to
the Adder's A input where it will be summed with the
phase incrementonthe nextclock edge. Thersfore, the
Address valus can be seenio bethe cutputof anadder/
accumulator {totalizer), where the value of the address
increases by the value of the phass increment once per
clock cycle. The Address value starts off at a low valus
and increases by a fixed value on each tick of the time
clock. Whenths Address overfiows the adder, its valuss
goes back to a low value. The value of the phase
increment depends upon the clock frequency and the
maximurm size of the adder, and when calculated prop-
erly, overflows at a rate equal to the programmed
fraquency. If this Address were connected directlytoa
DAC, the analog output would be a positive-going ramp
atthe programmed frequency. The PA4800 has a 48 bit
adder, so overflow occurs when 2% is exceeded, and
extremely small differences in frequency can be ex-
pressed (1 part in 2%),

4.2.1.7 Waveform Memaory.

The Address is applied to a Waveform Memory (U19/20
on sheet & of schematic 1104-00-3498) before being
applisd 0 the DAC. The memory is a PROM pro-
grammed with a sinewave lock-up table, as shown in
Figure 4-4:

WAVEFORM
MEMORY

II. Data to
| DAC
I
L

Equiv. | |

Data !

Vector 1
:
i
1
1 \.‘_‘-_-‘/

—_— —————
Phase Vector

Address
from
PA4800

Figure 4-4, Waveform Memory.

The figure represents Address value as a guantity that
is increasing from left to right, while the sinewave data
value increases from bottom to top. A particular ad-
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dress value can be represented as a phage vector (the
solid horizontal arrow), which corresponds to a particu-
lar amplitude data vector (the solid vertical arrow). The
next clock cycle adds 1 phase increment (the dashed
horizontal ling), which generates & new amplitude vec-
tor (the dashed vertical line). Because of the equal time
and phase spacing between amplitude vectors, any
series of vectors will generate sinewaves.

4.2.1.8 Wavetorm DAC

The DAC (U121 on sheet 7 of the 1104-00-3488 sche-
matic) converts digital amplitude values into an analog
signal. The 40 mA full-scale output currents develop a
1 Vp-p differential voltage signals across R25 and R27.
The instantanecus digital value at the DB1 through
DB12 inputs determings the instanianeous current at
the DAC+ output, with the complementary current at the
DAC- output. The digital inputs are the Waveform
Memory data autputs, resynchronized te the clock sig-
nal by data registers U22 and U23.

4.2.1.9 Preamplifier

The output conditioning circuits consist of the Preampli-
fier, the 1 MHz Low Pass Filter, the Coarse Amplitude
Control, the Qutput Amplifier, the 50Q Attenuator and
On/Off Control, and the 800Q Balanced Quiput Driver
blocks. The differential voltage signals at R25 and R27
are amplified and buffered by differential ampilifier 24
{sheet 7 of 1104-00-3498) into a bipolar sinewave. 24
is a commercial high-bandwidth OP AMP.

4.2.1.10 1 MHz Low Pass Filter

One of the more important advantages of the phase
accurnulator DD8 technigue is that the clock frequency,
and therefore the frequency of the DAC steps on the
sinewave output of the Preamplifier, is a single fixed
frequency. This allows a single low pass filter to be
placed in the output canditioning chain just above the
highest sinewave frequency of interest and well below
the clock frequency, so that DAC steps are removed
from the sinewaves. Thisfilteris shown onsheet 8 of the
1104-00-3498 schematic as U28 and U29. This circuit
arrangement provides a 6 pole, active low pass filter.

4,2.1.11 Coarse Amplitude Caontrol Circuit

The sine waveform is nearly fixed in amplitude up to the
output of U29; except for a small amount of fine ampli-
tude control provided by the DAC reference. The sum
of Fine and Coarse Amplitude Control provides continu-
ous control over a 10:1 range. Two decades of fixed
attenuation following the Output Amplifier, along with
this 10:1 contral, provide a total 1000:1 continuous
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amplitude control of the final sinewave outpul. The
coarse controlis provide by a 5-bit R-2R ladder network,
which results in 1/32 amplitude sieps. The fine control
fills in between these steps. The R-2R ladder network is
shown on sheet B of the 1104-00-3498 schematics. The
voltage signat at the output of U28 is converted into a
current as it passes through the R-2R ladder netwark
(R84 to R79) to the current summing junction of the
Qutput Ampiifier. The relays, K1 through K&, contrel how
much current is switched to the summing junction and how
rmuch is switched to ground in 32 binary weighted steps.

4.2.1.12 Output Amplifier

The Output amplifier summing junction, OA-SUM, is
shown in sheet & of the 1104-00-3498 schematics. The
OF AMP U30 provides low frequency gain and offset
stability for the amplifier. Righ frequency gain is pro-
vided by QB and Q12. The output is ‘push-pull”, with Q104311
providing the *push’ and Q14/Q15 providing the "pull’. Q9and
(13 are connected as cross-over distortion diodes.

4.2.1.13 500 Attenuator and OnfOff Control

Also on sheet D of 1104-00-3498, the Output Amplifier's
50Q source impedance is provided by R111/R112.
Resistors R113/R114 and R117/R118 provide a-20 dB
{10:1) voltage divider with 50Q source impedance,
under control of K&, Resistars R115/R116 and R118/
R120 provide a -40 dB{100:1) voltage divider with 50Q
sgurce impedance, under contral of K7. K8 selects
whether the output is at the 50¢ BNC or at the 600G
bananajacks. K3isusedtoturntheouiputonoroff. The
POEN signal controlling the base of Q18 insures thai K6
through K9 are in a known state {dropped out) during
turn-on and turn-off, so that the output does not make
unexpected amplitude transitions while the power sup-
plies and microprocessor are in unknown states,

4.2.1.14 6002 Balanced Output Driver

Shown on sheet 9 of 1104-00-3498, the 800 output is
driven from a 2:1 step-up signal transformer, T2. C70
through C72 ac-couple the 508 output fo the primary of
the transformer. The transformer is quadfilar, with the
primaries in parallel and the secondaries in series 1o
provide the 2:1 step-up. The 50Q source impeadance in
the primary is reflected into the secondary as 2008 (the
step-up ratio squared). R127 and R128 provide the
remainder of the 600Q source impadance. The trans-
former has a 30 Hz to 200 kHz bandwidth.

4.2.1.15 Sync Output Conditioning and Buffer

The sync cut circuits are shownr on the top of sheet 8 of
the 1104-00-3498 schematics. The DAC oulplt sine

&-8 Cirour DESCRIPTION
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wave, buffered 10 a nearly constant amplitide voltage
signal by the Preamplifierand Low Pass Filter, is applied
o a zero-crossing detectar, U27, at TP7. The output of
comparator IC U27 is a TTL lavel square wave which is
highwhenthe sine is positive of ground and low when the sine
is negative of ground. Q5 is a buffer which provides the
necessary cutput current drive for the SYNC QUT conrector,

4.2.1.16 Sweep Out and Marker Drivors

The sweep out drivers is shown on the top of shest 4 of
the 1104-00-3498 schematics. To sweep the oscillator
frequency, software sets up a table of 1024 phase
increments in RAM, carresponding to the 1024 frequen-
cies that will be programmed in succession to complete
a sweep. The indexing function that reads values form
the sweep table essentially counts from 0000 to 1023.
Thig function also generates the datato produce alinear
sweep conirol voltage at the Sweep Qut BNC. Sweep
control data Is applied to U35 DAC at its DBD-DBS
inputs. QAQ controls latching of high-order vs low-order
data. The WR and XFER cortrof signal latch the data. A
-5V reference is applied through R170. The current
output at {OUT1 is buffered by op-amp U36A and
applied to the SWEEP OUT BNC.

The marker and pen lift output driver is shown onthe top
of shieet 8 of the 1104-00-3498 schematics. The marker
and pen lift driver is one-half of the sync out driver.
Along with sweep frequencies, the states of the marker
or pen lift outputs is maintained in the sweep data table.
The PEN or the MARKER value, as appropriate, is
latched through the control register U12 and applied to
the SYNC QUTPUT BUFFER U38. U38 drives J14, the
PEN LIFTMMARKER QUT BNC through the same pas-
sive conditioning netwark as used in the SYNC OUT.

4.2.1.17 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 +BY power supply, =12V
power supply, £ 22V power supply, and VFD ac filament
supply. The supplies are linear and transformer iso-
lated. The primary circuit can be seen schematically in
the Instrument Schematic 1004-00-0887. Therear panel
mounted line entry module, Corcom 61, is shown with
integral line sntry connector, fuse, voltage selection
switch, and line fitter. The frant pane! mounted POWER
switch interrupts both poles of the line. The rear paneal
mounted power transformer, T1, has its secondaries
connected to J2, J10 and J11.

The secondary connectors routs 1o mating connectors on the
Mether Board printed circuit assemblics, where the power
supply circuits rectify and regulate the secondary voltages.



+5V Power Supply. This circuit (schematic 1104-00-
3498 sheet 10) suppliesthe +5Vdeforthe TTL logicand
relay circuits in the oscillator. Remove the jumper JMP1
to isolate the +5V supply from the circuits.

The +5 V regulator is a discrete implementation of a low
drop-out, serigs-pass voltage regulator. The full-wave
rectified, unregulated voltage from the +5 V secondary
is applied to the emitter of the series pass device Q20,
The darlington connected pair, Q19 and Q20, control
load current to the +5 Vde output, Regulation is pro-
vided by tho differential amplifier, Q17 and Q18, coniro!l-
ling the base current (and thus the collectar current) of
the darlington pair. The regulated output voltage is
sensed at the base of Q18. The voltage reference is
sensed at the base of Q17. If output voltage begins 1o
rise, current in Q18 begins to increase and current in
Q17 begins to decrease. This reduces base current
drive in Q18/20, decreasing output current and cancel-
ling the original error signal. CR23 shunts the discharge
current of C96 around Q20 at turn-off.

+12V Power Supplies. This circuit (schematic 1104-00-
3498 sheet 10) supplies the positive and negative 12
Vdc tor the oscifiator. These power supplies are highly
regulated by a precision voltage reference source,
VREF, which is also used by the internal calibration network,
Remove the jumper R152 to isolate the +12V supply, and
remove the jumper R153 10 isolate the 12V supply.

U32 provides a highly accurate and stable +10Vde. OF
AMP U31A compares the voliage reference tothe +12V
regulated output and controls the voltage at the ADJ
terminal of regulater VR1 to kesp the cutput at + 12 Vdc.
YR1 is the series pass device for the power supply, and
it maintains a voltage of 1.2 Vdc from the OUT terminal
to the ADJ terminal. A full-wave rectified, unregulated
output of the =12V secondary is applied to the IN
terminal of VR1. The 1.2 Vdc between the terminals of
VR1 is developed across R130 in series with R131.
Since +12V supply current passes through R130, the
voltage across them is a direct indication of load cur-
rent, The voltage across R131 will be 1.2 Vdeminus the
instantaneous voltage across R130. If a fault condition
oceurs to circuitry powsred from +12 V, the lnad current
may increase so that the entire 1.2 Vdc is dropped
acress R130. The load current may not increase further
because YR 1 will shift from a voltage regulation mode to
acurrent limit mode and altow the output voltage to drop
white maintaining a maximum current output deter-
mined by the ratio of 1.2 Vd¢ to the value of R130. This
current limiting effect reduces maximum current sup-
plied under fault conditions to a safe level, CR14 shunts
the discharge current from C89 around VR1 at turn-off.

The -12 V regulator is a mirror image of the +12 ¥
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regulator and operates identically, except that the volt-
age reference is the + 12V supply rather than the +10V
reference, OP AMP U31B compares the junction of
equal-valued rasistors R 140 and R141 with ground and
regulates the voltage at the ADJ terminal of VR2 to make
the -12 Vde output a mirror image of the +12 V output,

-5V Power Supply. This circuit (schematic 1104-00-
3498 sheet 10) supplies the -5 Vde for the waveform
DAC circuit in the osciliator. No jumper is provided
isolate the -5V supply from the circuits. VR3 is a
inteqrated cirouit three-terminal requistor opsrating off
the -12V supply. The output voltage is determined by
theratioof R150and R151, CR24 protects VR3fromthe
iurn-off discharge of C100.

22V Power Supplles. This circuit{schematic 1104-00-
3498 shest 11) supplies the pnositive and negative 22V
used in the oacillator. VREF provides a reference volt-
age for the positive 22V supply. Lift R163 toisolate the
+22V supply. Lift R166 to isolate the -22V supply. The
+22 V regulators on sheet 9 are identical to the =12V
regulators, except for the resister values that set the

magnitudes of regulated outout voltage and the current limit.

VFD AC Filament Supply. An unreguiated ac voltage
{schematic 1104-00-3498 sheset 1) approximately 8
Vrms supplies current to the display characters in the
Yacuum Flucrescent Display. The VFD device (essen-
tially amulti-grid, multi-plate electrontube) requires a30
vdc plate to cathode potential. Additionally, the fila-
menis are common with the cathode, requiring that the
cathode voltage have 8 Vrms impressedonit. Acenter-
tapped 8 Vrms transformer secondary provides the
cathods/ffilament voltages, FiLA and FILB. The center-
tap is referenced to -15 ¥dg, through CR1 and CR2 1o
the -22 Vde. The +15 Vdc plate voltage is provided on
the front panel printed circuit board by regulating down
the +22 Vde supply voitage. These power supplies
have five test points:

TRS is the +12 Vdo output.

TP10 is the —12 Vde Cutput.

TP11is the +5 Vdc output.

TP12 is the -5Vdc output.

TP13is the +22 Vdc output.

TP14 is the =22 Vd¢ output,

There are no adjustimants in these ¢ircuits.

4.2.2 Front Panel

The front panet provides operator interface to the signal
generator, It allows the operator to input commands,
and provides the operator with a display showing output
signal parameters and equipment status. This agsem-
Bly contains the following circuits:
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Control Knob Circuit.
Display

Keyhoard Girouit

Light Emitting Diode Circuit.

4.2.2.1 Control Knob

The control knob (SW1 - schematic 0103-00-3322 shest
1) ratates continuausly in both directions. Knob values
dapend an the function, mode, andrange selected. Two
output lines, RKA and RKB, are pulsed at TTL logic
levels as the knebis rotated. The PSC-288 device onthe
motherboard counts the pulses to determine the amount
of change. The PSC-288 detects the knab's direction by
comparing the TTL logic level of the signals and detect-
ing the first one to change to a new level. For clockwise
rotation, RKA wili change first, and for counterclockwise
rotation, RKB will change first. The microprocessor
circuit determings when the rotation 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 panel display {schematic 0103-00-3322 sheet
1} receives its data via the quiet data bus QD5-7. The
display controller/driver {U1) receives a serial word of
sight bits on the DISPDATA line. DSPCLK clocks each
bit, most significant bit (MSB) first. The serial word may
be either a display character or a control word, the MSB
determings which. The 64 possible cembinations of the
remaining seven bits display standard ASCH upper
case characters or control various functions and ad-
dresses. This display information drives the florescent
display. The input data is converted into 16 segment
data at U1-pins 2 through 17 {drives the 16 grids 1o
defing one particular character in a scan), and a scan
sequence at U1-pins 23 to 40 which scans through the
16 characters in the display (sequentially provides +15
Vdctooneof 16 plates). The display controller/driver will
refain only the most recent data received,

The display circuit is supplied by its own +15 Vde
regulator (VR1) which uses the +22V for its input. The
florescent display filament receives its power from the 8
Vac supply, Both voltages originate from the power
supply on the motherboard.

4.2.2.3 Keyboard Circult

The keyboard circuit (schematic 0103-00-3322 sheet 2)
consists of 48 push butions in a eight-column, six-row
matrix. Relerring to sheet 2, each tima FPREG is
strobed, the guiet data bus is latched info data register
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U3. The cutputs at pins 12, 13 and 14 are the clocked
sarial data and reset for the display driver discussed in
the pravious paragraph. The cutputs atpins 17, 18, and
19 are programmed 1o provide a binary count, advanc-
ing on the FPREG\ strobe. This binary seguence is
appliedtoa binary to decimal converter, U2. The output
of U2 scans the key matrix rows. The microprocessor
monitors the key matrix columns, P10through P-17. The
columns are normally pulled low, but if a key is held
down while its row is being scanned, that caolumn will
pulse high on each scan. The microprocessor will then
be able to decode the row and column data and deter-
mine which key is pressed.

4.2.2.4 LED Cireuit

The LED circuit (schematic 0103-00-3322 sheets 2 and
3) consists of 18 LED's that indicate the mode and
function selected. Referring to sheet 3, a typical digital
interface between the microprocessor and a group of
circuits on a printed circuit card is illustrated in U4
through U7 {and U3 on the previous page). The micro-
processor sets the data bus, G0 <0.7>, 10 the value it
wants to send. Then it sets QAD through QA1 to select
Y0, Y1, Y2 or Y3 output of U4, depending on which data
register U3, Ub, U8B, or U7 that it wishes to update with
the new data byte. Then it sends the FPS\ signal to
strobe the front panel. This strobe is passed to the
selected data register and the new data byte is latchad
in 1o control its associated circuitry. The three data
registers on sheet 3 controi the front panel's LED annun-
ciation. Each bit (QDC-7} entered into the latches will
turn on the LED indicator refated io that bit. Controf
signal FPREG illuminates the UNLK LED and ON/OFF
LED in the same way. Once the LED s set, itremains 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/Oi switch connectsthe 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 Rear FPanel

This assembly {refer to the instrument schematic 1004-
00-0667) provides the operator with line power conngc-
tion, voltage selection facilitiss, 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 Motherboard Assembly. ~8 Vac is pre-
vided to the Front Panel Assembly for display power,
Front Panel Assembly provides On/Off switching.



5.1 PREVENTIVE MAINTENANCE

5.1.1 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.

5.1.2. PM Procedures.

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

PN is limited to routine checks as follows:
+ Cleaning
* Dusting
* Wiping

Checking for frayed cables
+ Sioring items not in use
+ (Covering unused receptacles

Perform these routine checks any time you see they
must e done.

5.2 FACTORY SERVICE

Wavetek maintains afactory repair departmen: for those
customers not possessing the necessary personnel 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 892123
Telephone:; (613) 279-2200
FAX: (619) 565-89558
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5.3 DISASSEMBLY, REASSEMBLY, RE-
MOVAL AND REPLACEMENT

The Model 98 contains three major assemblies: 1) the
rear panel, 2) the front panel, and 3) the mother board,
The mother board and a printed circuit sub-assembiy
ingide the front panel assembly contain component
parts. Access to the mother board for inspection ar
alignment requires only top cover removal. Mother
board componenis other than power supply pass de-
vices require bottom caver removal. Rear panel re-
moval is also required to replace power supply pass
devices, Access to front panel components reguires
removal and then dissassembly of the front panel. Al
disassemblyfreassembly procedures may be accom-
plished with 2 minimum of common hand iools.

WARNING

Dangerous voltages are present with the
covers removed. Where maintenance canbe
performed without power applied, the power
should be removed.

5.3.1 Disassembly Instructions
Top Cover Removal:

1. Remove the two screws from the top/center of the
cover attaching the cover ta the shield.

2. Rermove one screw from the back/center of the cover
attaching the cover to the rear panel.

3. Slide the top cover straight back and off.

Bottom Cover Removal:

1. Remove the one screw from the battorm/center of the
cover attaching the cover to the motherbeard.

2. Remove two screws from the back of the cover
attaching the cover to the rear panel.

3. Slide the bottom cover straight back and off,
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Front Panei Removai:

1. Cover removal is not necessary. Remove the three
panel nuts from the front panel BNCs.

2. Remove the two screws at the front of each side

panel {in the side panel, not in the handle/brackets).

Pull the front pang! forward an inch to disconnect the

front panel/motherboard connector.

!:.\_‘l

WARNING

Dangerous voltages may be present in the
next step. Verify that the powsr cord has
been removed to avoid severe safety hazard,

4, Disconnect and detach the two in-iine connectors
which supply Iine voltage to the POWER switch.

5. Disconnect the CT wire from the lug on the mother-
board.

8. Remove the front panel asembly for further disas-
sembly.

Rear Panel Removal:

—

. Remove the top and bottom cavers.

2. Remove the three screws along the bottom of the
heat sink fins.

3. Remove the two jack screws in the GPIB connector.

WARNING

Dangerous voltages may he present in the
next step. Verlfy that the power cord has
been reimoved to avoid severe safety hazard,

4. Disconnect and detach the two in-line connectors
which supply line voltage to the POWER switch,

5. Disconnectthetransformer secondary connectorsat
J2, J10, and J11 on the motherboard.

8. Remove the two screws at the rear of sach side
panel,

6. Remove the rear panel asembly for further disassem-
biy.

Display/Keyboard Removal:

1. Remove the front panel assembiy.

2. Remove the seven self-tapping screws along the
border of the small YFD printed circuit board.

3. Fold the VFD board back on its ribbon cable and
remove the self-tapping screw on the keyboard un-
derthe ribbon cable, Remove theremaining 14 salf-
tapping screws from the keyboard.

4. Remove the Display/Keyboard
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Motherboard Removal:

—y

. Remove covers and front panel assembly.

2. Pertorm steps 2, 3, and 5 of the Rear Panel Removal
procedure,

3. Remave two screws holding the shield to the side

4 Remaove connector P8 atthe 6009 signaltransformer
mounting bracket from J8 on the maotherboard.

5. Remove the three screws under the motherboard

holding the shield to the motherboard.

Remove the shield.

Pull the matherboard out the front of the unit.

™o

5.3.2 Reassembly Instructions

For reassembly, reverse the steps given for removal.
After reassembiling the Model 88, check out the unit by
performing the Turn-on and Initial Checkout Procedure
given in paragraph 2.3.3 of this manual.

5.3.3 Removal and Replacement
Motherboard Component Replacement:

1. Remove top and bottom cavers.

2. Setthe unit on a side panel 3o that components can
be located from one side and desoldered from the
other,

Motherboard Pass Device Replacement:

1. Remove motherboard.
2. Replace the power supply pass devices connected
1o the rear heat sink bracket.

Keyboard/Display Component Replacement:

1. Remove front panel assembly.

2. Remove Display/Keyboard,

3. Puli the conductive rubber keypad away from the
area where components are to be replaced.

4. Replace compaonents.

5.4 CALIBRATION AND ALIGNMENT

For scheduled calibbration and maintenance of the Model
98, perform the Performance Verification Procedure of
paragraph 2.3.4. If the NOTE following step 4 of the
Verification Procedure indicates that the Model 98 re-
quires adjustment, perform the Alignment Procedure of
this section. if the Verification Procedure was com-
pleted sucessfully, the unit requires no further mainte-
nance.



5.4.1 Alignment Procedure

Table 5-1. Recommended Test
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STEP 2 Adjust Full Scale Amplitude

1.

1=

Connect the test equipment as shown in figure 5-1.
Refer to figure 5-2 for adjusiment locations.

Press the SHIFT then the RESET key, Press Main
Cutput SELECT key until the 50Q indicator is on.

Press the AMPL UNITS key until the display shows
amplitude in VPP, Press AMPLITUDE, 15, ENTER
and verify unit is set for 15 VPP at the 30Q output..

Set tha DWW to raad so volts, true rme, 800 = 0.1%
termination.
Adjust R42 for 5.303 Vims = 2 myvrms.

Equipment
Test Equipment Recommended
Madel
Digital Multimeter Fluke BOSOA or
Bquiv.
500 termination 0.1%, =3 W
Coax cable RG-58, 3 feet
NOTE

Adjustment tolerances given in the Alignment
Procedure are not Instrument specifications.
Specifications are given in Seclion 1 and in the
timits given for the Performance Verification
Procedure in Appendix A,

STEP 1 Inltial Setup

1. Remove three top cover screws.

NOTE

Keep the top cover in place during the proce-
dures except when necessary 1o make an inter-
nal adjustment.

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

graph 2.3.3.

WARNING

Dangercus voltages are present with the
covers removed. Where maintenance canbe
performed without power applied, the power
should be removed.

3. Slide the top cover back to make adjustments as
nacassary in the following steps. Keep the coverin

place except when making the adjustment,

5. Allow the unit 1 hour warmup.

INPUT
(5042}

UNBA
ouT

5-1. Full Scale Adjust Setup

STEP 3 Adjust DC Offset

Set the DVM to read dc volts (20 mV range}. Press
AMPLITUDE, 1.51, ENTER and verify unit is set for
1.51 VPP at the 50Q output.

Adjust R85 for 0.000 Vde = 1 mVdc.

Press AMPLITUDE, 1.5, ENTER and verify unit is set
for 1.5 VPP at the 50Q output.

Adjust R174 for 0.000 Vdc £ 1 mvde.
Repeat steps 1 through 4.

STEP 4 Verify Calibration

Complete the Performance Verification Procedure
I’H‘:Paﬂl’ﬂl"\h ") q 4‘!
{paragraph 2.3.4},

If Performance Verification Procedure is success-
fut, discennect equipment and reinstall top cover, [f
a parformance problem exists which is not cor-
rectad by this alignment procedure, go to Trouble-
shooting, the next paragraph of this section,

THIS COMPLETES THE ALIGNMENT PROCEDURE

MaiNTENANCE Bed
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R42 Ri174 R85

Figure 5-2, Calibration Location
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5.5 TROUBLESHOOTING

This section provides a method of troubleskooting tne
Mode! 98 10 the circuit lavel, A troubleshooting symp-
tom table is used for fault isolation and direction to
specific troubleshooting procedures. The Model 98's
performance verification procedure (paragraph 2.3.4)
tests the units operating parameters, and as such, it
provides symptoms (failed steps)for thetable. lfthe unit
falls amplitude or offset performance verification tests,
first perform the adjustment procedure {paragraph 5.4}

I — B _a - T A N T T Th] el
pefors allempling 1o troubleshoal.

5.5.1 Factory Repair

Waveatek maintains a factory repair departmentforthose
customers not possessing the necessary personnel or
test eguipment to maintain the instrument. [f an instru-
ment is returned 1o the factory for calibration or repair, &
detailed description of the specific prablem should be
attached to minimize turnaround time.

5.5.2 Before Starting

No troubleshooting guide can possibly cover all the
potential problems.  The aim of this this section is to
guide you to a small functional circuit.  Also. it is
necessary lo become familiar with the instrument by
reviewing the functional description and the detailed
circuit description (section 4) in conjunction with the
schematics {section 8). Successful troubleshooting
depends upon understanding the circuit operation within
each function block as well as the block refationships.

5.5.3 Inspection

Before before beginning the troubleshootng proce-
dure, use the following inspection procedures to locate
obvious malfunctions with the Model 98,

1. Inspeci all external surfaces of Model 88 for physi-
cal damage, breakage, looss or dirty contacts, and
missing componen:s.

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

ManualsPlus.com

WARNING

The Model 98 contains high voltages. After
power is removed, discharge capacitors to
ground before working inside the instrument
to prevent electrical shock,

CAUTION

Do net disconnect or remove any board assem-
blies in the Mode! 98 unless the instrument is

Ty Ry e

unpiugyed. Some board assemblies conain
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 foamn and grounding straps when servicing
is required around sensitive components. Use
care when unplugging IC's from high-grip sockets.

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

4. Inspectprinted circuit board cenductors for breaks,
cracks, cuis, erosion, or ioosenass.

5. Inspect ali assemblies for burnt or Ioose compo-
nents.

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

7. Inspectthe Model 98 for disconnected, broken, cut,
inose, of frayed cables or wires.

5.5.4 Troubleshooting Procedure

This troubleshooting procedurs relies on easily recog-
mized failure symptoms and performance verification
failures. If during the narmal operation the Model 98
fails, note the conditions and consult this table for the
closest possible problem.

Tahle 5-1 lists common failure symptoms and refer-
enceas the recommended troubleshooting procedure or
procedures. Table 5-2 lisis the items from the perfor-
mance verification procedure and the recommended
troublieshooting procedures.
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Table 5-1. Common Failure Symptoms
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Table 5-2. Porformance Verification Fallures

: Troubleshooting

Symptom Trouhbleshooting Test Step Failure
Paragraph Paragraph

Fuse blown, panel blank 5541, 5542 Freq Range, Res, Acc
No power on message 5541, 5543 step 3, 4.5 5545
Random diplayfindicators 5.54.1,554.3 502 Amplitude
Missing display segments 55.4.14 step 3 5.5.4.4 5647,
Keyboard or kriob problem 55.4.3,55.4.13, 55.4.10

554.14 sfep 4 5548 55412
FPower-on memory loss 5643 step & 5.5.4.7, 55410,
Cutputs missing 554.1,5543, 858.4.12

5544, 5540 50Q Flatness

S540 55410  S94S 5549

55411, 55412 600¢ Amplitude
GPIB problem 5543 step 4, & I 55412
Amplitude control problem 5544, 56547, 6000 Flatness l

§5.4.10 step 4, 5 5.5.4.12
Sweep QOut problem 5544 Sine Wave Purity
Sync or Pen/Marker problem 5.5.4.11 step 3. 4. 5 5546 5548
Main Out distortion, clipping 5548.5548, - 954855412

5.5.4.12 Sweep Out
Ext Reference problem 5.5.45 step 2, 3 | 5544
Sine waveshape breaks up 3.648 Sync Out i
DC offset at 50Q out 5.5.4.12 step 3. 4 | 55411

Ref In !
step 3, 4,5 | 5545
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5.5.4.1 Power Supply Verltlcation

it is always a good idea to verify the regulated power
supply voltages before starting any other troubleshaot-

ing procedures.

To verify the mode! 98's supplies,

proceed as follows:

1.

Connect the power cord to the line. Power on the
model 98, Set up a DVM for DCV, 200V range. A
DVM called cut earlier in thig manual, or the Fluke
8050A, will suffice for troubleshooting. Obtaina test
cable for the DVM, a "mini-hook’ style ball clipis a

good choice for the test points used in the Model 98.

The power supply circuits are on the motherbioard
behind the shield. Connecithe ground lead of the
DVM to TP14 and connect the input lead as indi-
cated to verify the following:

TP9  +12V¥dc = 0.2 Vdc
TP1Q -12Vdc = 0.2Vde
TP13  +22 Vdc = 0.5 Vde
TP15 -22Vdc = 0.5 Vde

Move the inputiead to the cathode or CR1 and verity
approximately -16 Vde negative supply for the VFD.

Move the ground lead to TP2 and verify the follow-
ing:
TP11  +5 Vde = 0.2 Vdc

Move the ground lead to TPS (up in the front, center
of the motherboard) and verify the following:

TR12 -BVdc = 0.2Vdc

Move the input lead 1o chack at pin 1 ¢f U1 (the LS
device) on the display board and verify +15 Vdc
= 0.5 Vdc positive supply for the VFD.

If the above power supplies are good, skip over the next
paragraph and use the tables or the remaining trouble-
shooting paragraphs to fault isolate and repair the unit.
If there is one or more faulty supplies, proceed to the
next paragraph to troubleshoot.

5.5.4.2 Power Supply Troubleshooting

1.

Yerify thatthe power ling matches one of the voitage
and frequency ranges specified for the Model 88 in
Table 2-1. Verify that the voltage selector card (see
Figure 2-1)is set properly (the voltage which can be
read through the “window" is the mid-poirt of the
selected range). Verify that the line cord is con-
nected.

If the unit shows no signs of pawering up when the
line swiich is on, check the fuse per paragraph
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2.3.2. Replace only with fuse of same voltage and
current rating per Table 2-1. If the unit has LED
indicators, but the display s dark, press SHIFT and
then RESET to reset the display intensity. If the
intensity had been set very low, the display should
now read "--RESET ALL--".

Verify that the connectors P2/J2 and P3/J3 1o the
power swilch are mated. Verify transformer sec-
ondary wiring conneciors are properly mated to the
maotherboard connectars J2, J10 and Ji1,

Check the unregulated dc voltage inputs to the
power supply regulators as follows:

Obtain a DVM and test cable per the previous
paragraph. Connect the ground tead of the DVM 1o
TP14 and connect the nput lead as indicated to
verify the following:

Cathode CR12/13
Anaode CR15/18

Cathode CR25/26 +35 Vde = 12%
Anode CR28/29 -35Vde = 12%

Move the ground lead to TP2 and verify the fcllow-
ing:

Cathode CR23 +10.8 Vdoc = 12%
The voltages given are nominal, the percent varia-

tion accounts for allowable line voltage variation
plus component variations.

+20Vde = 12%
-20Vde £ 12%

if the unregulated inputs are normal, check the
+10 Vde voltage reference in the +12 Vdc regula-
tor. Connect the DVM commeon to TP14 and check
32 pin 6 for +10.00 Vdc. Ba not continue with the
following steps until the +10V reference is good.

The -12V supply is referenced from the +12V sup-
ply, which is referenced from the +10V reference.
Likewise, the -22V supply is referenced from the
+22V supply, which is referenced from the +10V
reference. The +5V supply is also referenced from
the +10V reference. If the +10V reference is good,
periorm the power supply verification of the previ-
ous paragraph and record the various voltage read-
ings.

if the +12V and +22V supplies are good proceed 1o
the next step. Otherwise, troubleshoot either sup-
nly as follows. The components named will refer to
the +12V supply. When troubleshooting the +22V
supply, use the parts and readings called out In
parenthesis. Isolate the supply from its load by
lifting one side of jumper R152 (R163). Ifthe supply
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is now good, Taulty companents on the mother-
board which are cornected to the supply are load-
ing it down. Troubleshoot by lifting and then replac-
ing components until the power supply is good with
only the components in faulty area lifted. if the
nower sonply = still bad with the Jumper lifted,
froubleshootthe regulator. Checkthevoltage atpin
2of U31A{U33), it should be +10V, but in a faulty
supply it should be off in the same direction that the
supplyis off. If so, the op-amp should be saturated
to its supply voltage in the oppasite direction. Ifnat,
the op-amp is probably bad. Ifthe op-amp is good,
then regulator VR1 {VR4) or one of iis associated
companents is probably bad, When the supply is
repaired, replace all litted componentsfjumpers.

8. Ifthe -12V and -22V supplies are good proceed to
the next step. Otherwise, troubleshoot either sup-
ply as follows. The cemponents named will refer o
the -12V supply. Whean troubleshooting the -22V,
use the parts and readings called out in parenthe-
sis. Isolate the supply from its load by lifting one
side of jumper R153 {R188). If the supply is now
good, faulty components on the motherboard which
are connected 1o the supply are loading it down.
Troubleshoot by lifting and then replacing compo-
nents until the power supply is good with only the
components infaulty area lifted. If the power supply
is still bad with the jumper lifted, troubleshoot the
regulator. Check the voltage at pin 6 (2) of U31B
(U34). tshould be OV, butin afaulty supply it should
be off inthe same diraction that the supplyis off. If
s0, the op-amp should be saturated to its supply
voltage in the opposite direction. If not, the op-amp
is probably bad. W ths op-amp is good, then
regulator VR2 (VRS) or one of its associated compo-
nents is probably bad. When the supply is repaired,
replace all lifted components/jumpers.

9. Ifthe +5V supply is good proceed (o the next step.
Otherwige, isolate the supply from its load by lifting
jumper JP1. if the supply is now good, faulty
components on the motherboard which are con-
nected to the supply are loading it down. Troubie-
shoot by lifting and then replacing components until
the power supply is good with only the components
in faulty area lifted. !f the power supply is still bad
with the jumper lifted, troubleshoot the regulator.
Check the voltage at the bases of Q17 and Q18 for
+2.5V. The voltage at Q18 base should be off in the
same direction that the supply voltage is off. If the
supply is high, Q17 should be off and its collector
valtage should be near the unregulated veltage
vaiue, Ifthe supply is low, Q17 should be saturated,
and its colector voltage shouig be approximately
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half the cutput voltage. If incorrect, check Q127/
Q18. If correct check 019/Q20. When the supply
is repaired, replace all lited components/jumpers.

10. lf the -5V supply is good, proceed to the next step.
it it is bad, either the regulator VRS and associated
circuitry is bad, or if the -5V is iow in value, UZ21 may
be loading it down.

11. Ifthe VFD negative supply is bad, check CR1/CR2
on the motherboard.

12 {fthe ¥FD positive supply is bad, check VR1 on the
display/keyboard.

5.5.4.3 Microprocessor/GPIB

After verifying power supplies, check the operation of
the microprocessor system. With power on, chack
behind the shield for a flashing "life light* DS1.

When flashing, this indicates that the microprocessor
U2 is processing code. For this io happen, the reset
generator U1, clock Y2, ROM U3, RAM U4, EEPROM
Us, PSC288 UL, and associated components shown on
sheet 2 of the motherboard schematic are functioning.
All "internal” husses (those connected to U2) are func-
tional. However, "external® busses, QAC:3 and QDO:7,
driven by the PSC288 can be faully. Additionally, the
strobes and control lines for the GPIB, control registers,
sweep ramp generator, and the AGMC U18 could still
be faulty with a flashing "life light",

If the 'Life Light” is not flashing, proceed as follows:

1. Obtain an oscilloscope and X10 probe. Connsct
the probe from TP2 (common) to TP1 MRST\ Cycle
power 1o the unit and chserve the reset line. It
should stay low for a second after turning on the
power, and then go high. If not, check U1 and
associated circuitry,

2. Verify a 5 MHz clock at U2 pin 3. if not, go to
paragraph 5.5.4.5.

3. Verify that the 6803 microprocessor receives Mode
2 initfalization during the power up reset period.
Connect the probe to pin 8 of U2 while cycling
power. Intha second before the MRSTY goes high,
pin 8 should be low, and then be replaced by its
operational signal. Connectthe probetopin8ofU2
while cycling power. In the second befere the
MRST\goes high, pin 8 should be high, and then be
replaced by its operational signal. Pin 10should be
low,

4, Verify U2 interrupt lines, pins 4 and 5, are high.

5. The following are U2 pins which are or may be
griven by U2, and will normally have TTL lavel



gctivity on them. Verify each line and ensure that it
is not "stuck’ high or low. If any are "stuck’, U2 may
have a faulty driver, or another device in the micro-
processor system connscted to the '"stuck” lines
may be Inading them.

pin 40 E clock
pin 39 AS

pins 22-29 AB-A1S
ping 30-37 ADQ-ADY
pin 38 RV

5 The following are US ping which are ar may be
driven by U5, and will normally have TTL level
activity on them. Verify each ling and ensure that it
is not "stuck" high or low, If any are "stuck’, UB may
have a faulty driver, or another device in the micro-
processor system connected to the "stuck’ lines
may be loading them.

pin 78 ROM
pin 79 RAM
pin 77 WE

pin 2-6, 81-83 AQ-A7

6. Replace U2, U3, U4 or US as indicated by trouble-
shooting for "stuck” iines. US is socketed.

If the "Life Light' is flashing, but the unit doss not
respond or operate, verify that the "external” control
signal and busses from the microprocesser system are
operating, as folfows:

1. The following are U5 pins which are or may e
driven by U5, and will normally have TTL level
activity on them. Verify each line and ensure that it
is not “stuck” high or low. |f any are "stuck”, U5 may
have a faulty driver, or another device connected o
the "stuck” lines may be loading them. U5 is sock-
eted.

pin 80 GPIB

pin 7 FPSTB\
pin & REG-5TB\
pin @ CS-AGMCH
pins 12-15 QAD-QA3
ping 16-25 Qoo-QD7
pin 29 SEN

pin 30 SDAT

pin 31 SCK
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pin 38 SHCLK
pin 37 SHDATA
pin 38 SHEN
pin 38 RKA
pin 40 RKB

pin 53 FOUT
pin 62 IRQ

pin 11 FRST

2. Thefirstfour strobe lings are very important. Without
GPIB, the processor willnotread or write tothe GPIB
port, Without FPST, the procsssor will not write 1o

the front panel. Without REG-STB\, the processor
cannotwrite to tha Control Ragisters and controlthe

oscillator circuits'. _V\_fithout CS;&GMC the proces-
sor cannot control the phase accumulator DDS

chip. They should have periodic activity atalltimes.

3. QAD-QA3 and QDO-QD7? are the "guiet" address
and data bus, respectively. These are the
processor's address and data bus with finternal’
bus transactions remaved. They should e busy at
alt times.

4. The SEN, SDATA, and SCLK ling operate the
EEPROM UB. This should be looked at if the unit
does not store its GPIB address.

5. TheSHCLK,SHDATA, and SHEN lines arethe serial
data o the Fine Amplitude Control DAC. Lock tor
activity as amplitude is changed.

6. ThelRQ, RKA, and BKB lines should be active when
the front panel control knob is activated.

7. The FOUT line allows the microprocessor to use its
timing input to verify the sync, marker, and pen lift
pulputs.  The PSC288 selectes one of the three
inputs, divides it by 27, and outputs the FOUT signa
to the 6803 TIN input. Look for the sync frequency
{1 kHz default) after a RESET ALL.

8. The PRST ouiput keeps the qutput off while power
iscycling. Itshould be low afer power uptoallowthe
outputs to come on.

Totroubleshoot the GPIB, first ensure that the "Life Light”
is flashing and the PSC288 has activity at its outputs
(especially the GPIB strobe). Then set up the unit
according to paragraph 3.2.6. Repeatedly send the unit
a GPIB command, using a looping program in the
controller. Verify that the GPIB Address is set right. Use
a GPIB Bus Monitor, or check each of the IO lines at the
transceivers U8 and U with a probe. if the transceivers
are good, U7 i probably at fault,
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5.5.4.4 Control Registers and Sweep Ramp
Gonerator

These circuits are located on shoet 4 of the motherboard
schamatic, Troubleshoot as follows:

1. Presetthe unit with a RESET ALL. and then change
the Sweep Mode to CONT-RST to ensure that the
registers are being writtento. Verify U10 pin &, REG-
STB\, has an approximate 0.5 us negative pulss
occuring ata 1 merate. If not, returnto the previous
troubleshooting paragraph.

2. Observe pulses at U10 pins 15, 13 and 12. Press
the AMPLITUDE key and hold the probs on U10 pin
14. Spin the contral knob rapidly and observe
pulses at pin 14, o, # not, U10 is faulty,

3. Press parameter RESET to set amplituds back to
defauit. Look at U111 pins 19 through 12 and
observe the following bit pattern:

pin 18 low
pin 18 high
pin 17 high
pin 16 low
pin 15 low
pin 14 high
pin 13 high
pin 12 high

If incorrect, U11 is probably faulty. Verify the same
bit pattern at U13's outputs.

4. With Sweep Mode at CONT-RST, look at the output
pins of LJ12:

pin 19 high
pin 18 low
pin 17 low
pin 16 1 kHz square
pin 15 high
pin 14 low
pin 13  high
pin 12 high
if incorrect, 12 is probably faulty,

5. Check the SWEEP OUT BNC for a 0V to +5V ramp
pocuring at a 1s rate. # missing. troubleshoot the
U35/UBBA circuitry.
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5.5.4.5 Reference Clock

These circuits are located on sheet 5 of the motherboard
schematic. Troublashoot as follows:

1. Press SHIFT and then RESET. Ground the scope
probe ta TPS at the front, center of the motherboard.
Verify U16B pin 9 has a 5 MHz square. Otherwise
ook at Y2 and U18.

2. Verify 5 MHz also at TP3. If good, skip to step 4. If
not, check U115 pin 2 for a low and pins 3 and 12 for
a high. 1f pin 2 is low, U151s faulty. if pin 2 is high,
the problem is in the U14 cirguitry. Traubleshoot
W14 in the next step.

3. Verify the following U14 pin voltages with a DVM:

pin 1 +10 mV
ping +100 my
pin 11 +100 mY
pin 12 oV

Also verify TTL high at pin4 and a TTL low at pin 8.
If any of the above readings is incorrect, trouble-
shoot the U14 circuitry. If pin 815 high, verify that L1
is not open.

10. Connect an external 10 MHz reference >600 mVp-
p tothe 10 MHZ REF IN BNC. Verify U14 pin 4is 10
MHz and pin 8 is high,

5.5.4.6 AGMC and Waveform Memory

These circuits are located on sheeot 6of the motherboard
schematic. Troubleshoot as follows:

1. Press SHIFT and then RESET. Set Sweep Mode to
CONT-RST. Verify CS-AGMC\ pulses low every 1
ms at pin 18 of W18, If not, go back to paragraph
5.5.4.3.

2, Verify PAINGSEL is a 1 ms square at pin 19 of U18.
Also, AGMC4 and AGMCS at pins 16 and 17 are
low. If not, go back to paragraph 5.5.4.4,

3. Verify a5 MHz clock at U18 pin 24. if not, go back
to paragraph 5.5.4.5.

4. Verify QA0-3 and QDC-7 inputs. I not active, go
back 1o paragraph 5.5.4.3.

5. WAD-12 outputs. WA12, pin 26, should bethe 1kHz
to 10 kHz swept freguency programmed into the
unit. Going down the pins to WAD, the frequency
shouldincrease at each step. [fnot, U18is probahly
bad.

6. Check WD4 through WD15 at the outputs of the
waveform memory. The patterns and freguencies



at these outputs will noi be quantifiable. However,
they should all show activity. Replace U19 or U20
it an output ling is missing. When the Wavefarm
DAC and Pre-Amp block is operationsi, the wave-
form can be observed, and if it has deviations from
a clean sine wave, check the sine ROMs U19/U20
and the output registers U22/U23 again. By
syncronizing the scope to the Pre-Amp output on
CH1, and studying the various bit patterns of gach
line on CH2 a Iine with bad data will correspond to

nnnnnnnnnnnnnnn

[
L= ﬂ.bu!}'l r:.ll.!ul 30 Nna SiNna.

5.5.4.7 Fine Amplitude Control

These circuits are located on sheet 7 of the motherboard
schematic, Troubleshoot as follows:

Fl T oo g m} 1
i Press SHIFT and then RESET. Moniter U2E8A pin 5,

YOUT, as amplitude is varied between 1.50 and
151 VPP. The DVM should indicale a voltage
variance between +2.468vVdc and +3.05Vde. |f
good, go on to step 2. If not, verify that the SHCLK,
SHDATA, and SHEN lines show activity as AMPLI-
TUDE is varied. If bad, go back to paragraph
5.5.4.3. If the serial lines vary, but the voltage is not
right, U25 is probably bad.

2. Check TP16withthe DVMfor-1.0Vdc. Ifbad, check
the U26B circuitry.

3. Check TPEfor approximately +1.5 Vdc with AMPLI-
TUDE at 1.51 VPP, and for approximately +2.1 Vdc
with AMPLITUDE at 1.50 VPP, If bad, check U28A
and R42 adjustment.

§.5.4.8 Waveform DAC and Pre-Amp

These circuits are located on sheet 7 ofthe motherboard
schematic. Troubleshoot as follows:

1. Verify 5MHz clock atU22/U23 pin 11 and at U21 pin
16. If missing, return to paragraph 5.5.4.5.

2. Verity data activity at the input pins of U22/U23. If
missing, return to paragraph 5.5.4.6,

3. Verify data activity at D81-12 output pins of U22/
U23. If a line or lines are missing, change the

agsociated data register
4. Verify -5 Ydc at U21 pin 18.

Check 21 pins 18 and 20 for -1.0 Vdc. If bad, and
the TP8 and TP18 readings of the previous para-
graph are good, then U21 is bad.

6. CheckU21 pins 5 and 7 tor an approximate OV to -
1V, 1 kHz sine wave. !f missing, W21 is probably
bad. If offset or distorted, U24 could be the cause.
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7. Check TP4for a5 Vp-p, 1 kHz sine wave. If missing
or distorted, U24 is probably bad.

5.5.4.9 Low Pass Filter

These circuits are located on sheet 8 of the motherboard
schematic. Troubleshoot as faliows:

1, Press the SHIFT and then the RESET keys. Verify
the 5 Vp-p, 1kHz sine wave at TP4 per the previous
paragraph.

ra

Check TP7 for the same waveform ag in gten 1. f
bad or missing, isclate between U28 and UZ3 by
checking at their cutput pins 6. Repair the filter
section so that the waveform at TP7 is 5 Vp-p.

3. Press SHIFT and than*9”. The display should read

'"EILTER TEST", Ohserve the envelone of the swent
signal, The low end of the sweep should have an
amplitude of 5 Vp-p, and the high end should be

rolled-off by the fitter,

5.5.4.10 Coarse Amplitude Control

These circuits are located on sheet 8 ofthe motherboard
schematic. Troubleshoot as follows:

1. Press SHIFT and then RESET. Verify the 5 Vp-p
signal at TP7 of the previous paragraph.

2. Verify U30 pin 218 0 Vde. If not, skip tc paragraph
5.5.4.12.

3. Press AMPUITUDE rotate the control knob and
verity that the relays periodically "click' as the con-
trol varies. If not, return o paragraph 5.5.4.4,

4. Aproblem with this area should be limited to a bad
relay or an off-value precision resistor. Abad relay
will show up as anirregular amplitude step. Withthe
Qutput AMplifier operational, moniter the cutput on
a scope as the AMPLITUDE value is slowly rotated
from 1.51 Vp-p to 15 Vp-p. Look for a smooth
increasein amplituds. Ifan amplitude irregularity is
found, locate which control ling, PATNC\ through
PATN4\, occurs at the same time as the bad step.
Then replace the relay associated with that control
ling,

5. An off-value resistor can cause the same sort of
amplitude irrequiarity, but generally less noticable.
In this case, track the amplitude up from 1.51 Vp-p
to 15 Vp-p and record values using a DVM. If there
is & curvature to the data, power the unit down and
litt one side of each of the 1k, 0.1% resistors.
Measure the resistors with a DMM and replace any
out of tolerance resistors,
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5.5.4.11 Sync/Marker Qutput

These circuits are located on sheet B of tha motherboard
schematic. Troubleshoot as follows:

1.

Press SHIFT and then RESET. Verify the 5 Vp-p
signalat TPY perparagraph 5.56.4.9. CheckU27 pin
4fora 1kHz TTL signal. If migsing, UZ27 is probably
bad.

Check the 8YNC OQUT BNC for a 1 kHz, TTL signal.
i bad or missing, change U38.

Change Sweep Mode 1o CONT-RST and Sweep
Timeto 0.03 5. Yerify that U38 pin 10 is high and pin
1215 a 1 ms positive pulse occuring every 30ms. |f
incorrect, U12 is prebably bad,

Change Pen Lilt/Marker Select to "PEN". Verify that
U38pin 12 is highand pin 1Qis a 1 ms positive pulse
cocuring every 30 ms. Ifincorrect, U12 is probahly
bad.

Check the PEN LIFT/MARKER QUT BNC for a TTL
level 1 ms pulse occuring every 30 ms. [f bad or
missing, change 138,

5.5.4.12 Outputl Amplifier and Attenuator

These circuits are located on sheet 9 of the matherboard
schematic. Troubleshoot as follows:

1.

Press SHIFT and then RESET. Verify the 5 Vp-p
signal at TP7 per paragraph 5.5.4.8. If the output
amplifier is good, U30 pin 2will be at 0Vdc, and the
right-hand side of R111/8112 will be an approxi-
mate & Vp-p sine wave with no appreciable dc
offset. Troubleshoat a bad amplifier as follows.

Check the emitters of QB/Q7 for approximately + 18
Vdc. If bad, check the Q6/Q7 transistors and their
biasing resistors,

Check the emitters of QB/Q12 for approximately
=19 Vde. I bad, check 08, Q9, 012, and Q13.

Verify that the voltage at the collector of Q8, Q9,
Q12, and Q13 {the “can" is the collector) corre-
sponds roughly to the output voltage at R111/R112.
If nat, check the cutput transistors Q10, Q11, Q14,
and Q15. Notethatthe transistor pairs are inparallel
and the only way to be sure is to remaove them.

ffthe output is saturated, U30 pin 2 should be pulled
away from 0 Vdc in the same direction. 1f U30's
output is not saturated to its supply in the opposite
direction, then U30 is bad.

If the output amplifier 1 good, and the the 50Q
output is bad, check KB, K7 and K8,
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if the 509 output is good, select the 800Q output
and verify & 1 Vrms sine wave. If bad or missing,
check C71, C72, P6, T2, R127 and R128.

5.5.4.13 Keyboard

These circuils are iocated on sheet 2 of the Display/
Keyboard schematic. Troubleshoct as follows:

1.

Check U4 (display/keyboard, stand the unit up on
its handles} pin 4 for negative pulses occuring at
irregular intervals of approximately 50 us. If miss-
ing, go back to paragraph 5.5.4.3 (FPSTBY. Then
check U2 pin 11 for negative pulses occuring every
0.25 ms. f bad or missing, U4 is probably bad.

Check U2 pins 9, 10, and 11 for negative pulses
occuring every 20 ms. If missing, U3 is probably
bad.

Check U2 pins 13, 14, 15, 12, 1, and & for positive
*pulses” ocuring at 20 msintervals. Thefalltimes will
have a farge time constant. If bad or missing,
replace U2,

If the keyboard is still not functional, substitute
another model 98 front panel to verify that the
problem is in the keyboard printed circuit board.
Alternatively, the keyboard ¢ould be removed, and
the keypad cleaned and the peb key 'targets’
cleaned and burnished,

5.5.4.14 Display and Annunciators

These circuits are located on sheets 1 and 3 of the
Display/Keyboard schematic. Troubleshoot as follows:

1
N

The LED annunciators on sheet 3 are controlled by
U4 {already checked) and registers US, UG and U7,
If individual LEDs are not turning on when they
should, the LED is probably bad. Test this by
locking for a low at the LED cathode when it should
be turned on. If the low is present, the LED is bad,
If the low is missing, the data register supplying the
contral signal is bad. If a group of LEDs don't tumn
on, relate them to a register (U5, U6, or U7} and
verity that the register is getting a clock from U4. If
g0, then the register is probably bad,

The componentson sheet 1 relate to the display and
the conirol knob. SW1 is the control knob. [ the
knob is not working, first ingpect it for machanical
breakags. If the knob appears unbroken, check
that the two wiper voltages pulse up and down as
the knobrisrotated. 1f so, the knob may be gocd and
UG on the motherboard (see paragraph 5.5.4.3)
may be faulty.
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betweenthe display and keyboard). Thisisthe VFD
connector. The first and last ping of the VFD
connector have the filament supplies. Verify ap-

3. Verity +158V supply at pin 1 of U1.
4. Check the display for data input as follows. Locate

the O, Q2, Q3 near the top edge of the display
board. Pressthe Sweep Mode key. Mote that when
the control knob is rotated back and forth, the
display is updated. Monitor the collector of each
transistor as the knob is rotated. QObserve 15V
positive pulses as the kob is rotated. [f not, trouble-
shoot Q1, Q2, Q3. the ribbon cable, and U3 on the
keyboard.

Observe the row of connector pins along the bottom
edge of the display board (under the ribbon cable

proximately 12 Vp-p line frequency riding on -18
Vdc on both these connector pins.

Observe each of the output pins going from U1 to
the VFD with a scope probe. Vary display message
asnecessarytoactivate eachline. The active signal
is positive pulses going from -22V1to +15 V. Ifthese
lines cannot be made active, then U1 is bad.

If the display is still biank or has missing eiements,
the VFD is bad.
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6.1 .1 Assembly Drawings
All of the mechanical assembly drawings are show in

this section. Thess drawings contain enough detall and

clarity to assist the repair technician in the disassembly
and reassembly of the Model 88. The parts lists for each
assembly drawing immediately follow that drawing.

6.1.2. Schematics

All of the schematics for the Mode! 98 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.

6.1.3 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 manulfacturers are listed by a

DRAWING

Instrument Schematic
Instrument Assembly
Instrument Parts List

1 MHz Synthesized Oscillator Board Schematic
1 MHz Synthesized Oscillator Board Assembly
1 MHz Synthesized Oscillator Board Parts List

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

ManualsPlus.cam

SECTION
PARTS LISTS AND SCHEMATICS

Waveiek code designation. To convert the Wavetek
code to a manufacturars name and address or FSCM,

e O L )

refer iotable 6-1, Wavetek Code to FSUM and Manufag-
turers Name and Address.

6.2 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 initia! printing. Whenever this occurs, addendum
pages are prepared to summarize the changes made
and are inserted immediately inside the rear cover. lfno
such pages exist, the manual is correct as printed.

6.3 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
nurnber. The assembly (PC board and componsnts on
the beard) part number is stamped on the board.

DRAWING NUMBER

1004-00-0867
1021-00-0667
1000-00-0667

1104-00-3498
1101-00-2498
1100-00-3498

1104-00-3322

1101-00-3322
1100-00-3322
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Table 6-1. Wavetek Code to FSCM (Cage Code) and Manufacturers N amM@t{lLl&J. al S P I u S . C 0 m

Wavetek Manufacturer Cage Code | Address City . State Zip
AAVID Aavid Engineering Ine. 30161 1 Kool Path, PO Box 400 Laconia NH 03247
AR Allen Bradley i 01121 1201 South 2nd st. Milwankes WI 53204
AME AMEP Incorporated 0779 2800 Fulling Mill + Middletown PA 17057
APTRN 3M Co.-Electronic Preducts Div, !

(formerly Aprironics) + 53387 3AM Austin Center Austin ™ TRI6Q
ARCO Arco Electronics Ine. . 24652 : 2325 E. Michigan Rd. Shelbyville w 46176
AROMT Aromat Corp. i 61529 {629 Central Ave. New Providence | NJ 07974
AVX AVX Ceramics 96095 Seneca Ave. Olean NY ; 14760
BECE Beckman Insmits Ine. 73138 4200 Bonita PL. " Fullerton Ca 92635
BIVAR Bivar Inc. 32559 4 Thoras 5t Irvine iCaA 92718
BOURN Bourns Inc. 80294 1200 Columbia Ave, Bldg. € | Riverside | CA 92507
BEURND Bumdy L 09922 | Richards Ave Norwalk CT 06856
BURR Burr-Brown Corp. 13819 i 6730 8 Tuscon Blvd. Tuscan AZ ! 85734
CAMBN Intereonnection Products

(formerly Cambion Division} 71279 2601 S, Garnsey 5t. Sants Ana CA 92707
COML/CMRCL Commerciz] fastener hardware NiA NiA N/A N/A NiA
COMPO AVX Tantalum Corporation

{formerly Corning/Components Corp.). 17554 69 Landry St. Biddefond ME 04003
CONCD Concord Electronics 18310 30 Creat Iones St New York NY 16012
CORNG Coming Electronics i 24545 550 High St. Bradford PA 16701
CRL Centralab :

(Div, of North American Philips) 71590 Hwy 20, PO Box 858 ¢ Ft. Dodge Ia 30501
DLVAN Delevan 99800 270 Quaker Rd. i East Aurora | NY 14057
ELAN “Elantec, Inc.” 64762 1996 Tarob Cr. Milpitas CA 95035
EMHRT Pop Fasteners (formerky USM Corp.

Div. of Embari Industries) 07707 ¢ 510 River Rd. Shelton T 68100
EXEL Exel Microelectronics . 66419 ¢ 2150 Commerte Dr. San Jose CA 95131
FAIR Fairchild 07263 i 464 Ellis St Mountain View CA 94042
FARITE Fair-Rite 34899 1 Commercial Row WallkiHl NY | 12589
FASTX Fastex Div. of Illinojs Teol Works Q276R 195 Algonguin Rd. Des Plaines L §0016
FOX : Fox Electronics §1429 65225 Presidential Ct. © Fort Meyer FL 33905
FUR i Fujitsu America Inc. 3RT731 2945 Qakmead Village Ct. Sania Clara P CA 95051
Hp Hewlett Packard 28480 3006 Hanover St. Palo Alto ‘A 94304
IERC International Electronics Research Corp | 98978 ! 135 W Magnolia 51, POBox 7704| Burbank | ca 91502
KEMET Kemet Electronics Corp. © 31433 2835 Kemet Way Simpsonvitle | SC 25681
LESIG Accorate Rubker Pridducts - ) !

" Div. of Lear Siegler ¢ 0B0GS i 4370 Jutland Dr. ! San Diego CA 92117
LINTE ¢ Linear Techrology ' 64155 | 1530 McCarthy Blvd, " Milpitas » CA ; 95035
LITE Lite-on and Vision Inc. | DRWET i 17779-8 Main St Irvine | ca 52714
LITFU Linlefuss i 75915 | 800 Northwest Hwy. - Des Plaines CIL i 60016
MEPCO i Mepco/Electra i i ; : |
' {N.A. Philips Corporation} 19701 i 60 Flounders Blvd. El Pasa TX 799046

MaT Motorola 04713 i 5005 E MeDowell Rd. | Phoenix P AZ 85008
NAT/NSC Naiional Semiconductor | 27014 2908 Semiconductor Dr. i Santa Clara P CA 95051
NEC NEC Electronics 4T165 " 401 Ellis St Mountain View | CA 94039
NIC . NIC Componeats Corp. OEHX1 6000 New Horzoos Blvd MNorth Amityville | NY 11701
PANAS Panasonic Co, | 54473 . Ome Panasonic Way Secaucus NI 07094
PHLIP North American Philips Corporation 59821 ' 7158 Merchant Ave. EL Paso TX 79915
ROHM R-ohm Corp. | ST66B 16931 Milliken Ave Ervine CA 92713
RCA Harris Comp. 34371 200 Palm Bay Blwd.,, POBox 833 | Melboume FL 32902
RCCK Rockwell/Ferrotom 34576 4311 Jamboree Rd. * New Port Beach | CA 92660
SCHRF Schroff Inc. 62559 170 Commierce Dir. - Warwick RI 02886
SEST™ Seastrom Mfg. Co. Inc, 86928 701 Sonore Ave. i Glendale CA 21301
5GS 5GS 66058 10 E, Bell Rd. i Phoenix AZ 85022
SIG Signetics 13324 811 E Arques ! Sunnyvale ;CA 94086
SMITH Kukla Smith - HH. Smith Div, 83330 1913 Atlantic Dr. Managuan i N3 0E735
SONY * Sooy V413 1 Sony Dr. Park Ridge ; NI 07656
SPRAG Sprague Elsctronics " 56289 © 61 Split Brook Rd., Ste. 303 Nashua NH 43060
STEPL Stackpele - T848R . 201 Stackpole St. St. Mary PA 15857
SUPER Supertex Tnc. . 59540 . 1225 Bordeaux Dr. Sunnyvale Ca 94085
! Texas Instruments | 01295 13500 N Central Expressway | Dallas TX 75265
TRW TRW | 01281 o 14520 Aviation Blvd. Lawndale CA 90260
UNCON United Chemi-Con | 62643 © OBOG Higgins St Rasemont L 60018
WAKE EG&G Wakefield | 05320 _ 60 Andobon Rd, Wakefield MA 01880
WYTK Wavetek Corp. - Instruments Division | 23338 9045 Balboa Ave, San Diego CA 92123
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REFEREMCE DESIGNATORS PART DESCRIPTIOCN ORI G-HMFGR-PART-NO MF&R WAVETEK NOD. aTY/PT

REF A/D 1MH: SYNTHESIZED 10010008667 WYTHK [1001-00--0&47 |
POWER OSCILLATOR

REF ATS MDDEL 78 1002-00-046567 WYTK [1002-00-0&07 1

REF INSTRUMENT SCHEMATIC 1004-00-06467 WYTK 1054-00-0&67 i
MODEL 98

REF MODEL 98 OPERATION % 1004-00-CH567 WYTK (100&6—0Q0~0&67 i
MAINTENANCE MAMUAL

REF MODEL 98 CALIDRATION 1008-00-04667 WYTH | 1008-00-0&467 1
PROCEDURE

42 INSTRUMENT LABEL 10G2-00—-0Cb&7 WYTK | 10090008467 1

a2 PCA, DISPLAY/ 1100-00-3322 WVYTK | 1100-00-3322 1
KEYBOARD

Al PCA:, 1MHMz SYNTHESIZED (100-Q0-349%8 WVTK [11006~-00-34%8 1
asCiLLATOR

41 ENMCODER WKNOB aASSY 1200-00-3380 WVTK [ 1200-00-3380 1
REF: A/D 1201-00-3380

3z CABLE ABSY. AC SWITCH 1200-00-3391 WYTIK | 1200-00-3391 i
AMD CABLE

g AUDIO XFMR ASSY-%8 1200-00-3487 WYTK 1 1200-00-3487 i

20 LINE FILTER CABLE 1200-00-3508 WYTK | 1200-00-3508 i
ASSY

WAVETEK TITLE ASSEMBLY NQ. 1000~-00-08657 REV

MODEL %8 1iMHrz SYNTHESIZIED B
PARTS LIST POWER DSCILLATOR
PAGE 1
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REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFGR WAVETEK NO. aTY/P
34 TRANSFORMER ASSEMELY | 1204-00-300% WYTK | 1204-00-300% 1
J13 WIRE ASSY 1207-00-3010 WVTK |1207-00~3010 1
12 LABEL, CAUTION 859-1400 WYTH |1400-01-1400 1
21 PANEL . REAR, PAINTED 1400-02-32432 WYTK |1400-03-3242 1
30 HANDLE. PTD 1400-02-3252 WVTK 11400~02-3252 2
2z SHIELD, AC CONN 1400-02~-3463 WYTK |142060-02~3443 1
8 SIDE PANEL 1400--02-3472 WYTK {1400-02-3472 2
as WINDOW, DIGPLAY 1400-02-9073 WVYTK |14C0-02-5073 1
38 FRONT PANEL MOLDED 1400-02~5087 WYTK |1400-02-5097 1
a9 OVERLAY., FRONT PANEL | 1400-02-5151 WYTK [1400-02-5151 1
33 KEYPAD. MODIFIED 1400~02-5152 WYTK |1400~02-3152 1
15 SHIELD SUPPORT 1400-02--51%4 WYTHK |1400-02-3154 1
14 COVER. TOP 1400-02-5248 WYTK [1400-02-5248 1
& COVER. HOTTOM 1400-02-%280 WYTK |1400-02-5280 1
43 _LABEL, WARRANTY 1400-02-%282 WYTK |1400-02-5282 i
44 LABEL, CAlL IBRATION 1400-02-5283 WYTK [1400-02~5283 1
40 LUG. GROUNDING 159 SMITH [2100-04-0043 1
WAVETEK TITLE ASSEMELY NO. 1000-00~0667 REV

MODEL 98 1MH:z SYNTHESIZED B
PARTS LIST POWER OSCILLATOR

PACE 2
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REFERENCE DESIGNATORS

PART DESCRIPTION OR IG~-MFER—PART—NO MFGR WAVETEK NO. ary/PT

10 HARDWARE KIT. GPIR 554808-1 AMP  [2100-07-0024 1
COMNMN

Fi FUSE. 1/2A, 250V 313. 500 LITFY [2400-05-0010 i

45 TY-WRAP TY-52aM TR 2800-00-0006 2

a6 CABLE CLAMF £-3 RICH |2800-00-0C0% 1

7 FOOT 108603-026 SCHRF | 2800-08-0020 2

1 FOOT WITH TIP-UP 10603025 SCHRF | 2800-08-0021 2

24 NUT, HEX, 4-40 MS35649-244 COML |2800-14-4100 4

18 NUT, HEX. 1/2-28 1-3294631 -2 AMP  [2800-16-0025 5

4 NUT, HEX, 8~32, 3/32 2B00-16-B10& CHMCRL [2800-16-810& 4
THK, . 25 FL.T, MINI, S5

5 SCREW, &-32%1/4.PHP, 2| &-32 X 1/4 CMRCL. [ 2B800~23-6104 9
NYLOK FELLET

29 WASHER, #8 FIBER BIN #8 FIBER WASHER CMRCL | 2B00-28-3000 4
470

3 LOCKWASHER, #8 SPLIT #ESRLW CMRCL | 2800-42-3000 11
RING, 95

25 WASHER, LOCK REG, 5/# MS 35338-13% CMRCL. | 2B00~45=4G00 4
#4

MV‘ETEI( TITLE ASSEMBLY NO. 1000000647 REV

MODEL. 968 1MHz SYNTHESIZED B
PARTS LIST POWER DSCTLLATOR
PAGE 3
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REFERENCE DESIGNATORS PART DESCRIPTION OR I6-MFGR-PART—NO MFGR WAVETEK NO. aTy/e

36 WASHER, LOCK, REG S/8 MS 35338-134 CMRCL | 2800-45-4000 1
%6

47 WASHER. FLAT, 5SS, #& AN 960C6 CMRCL | 2800-45-6001 1
LARGE OUTL INE

28 WASHER, #8, FLT, S8, THK| 2800-46-8000 CMRCL |2800-44-8000 a
. 050, ID 174,00 . 375

11 SCREW PLPS PAN M/S SCREW PH 8-32X1/2 CMRCL |2800-48-2108 3
18-8 5/9 B-32X1/2

26 SCREW, 8-32 X 1 2800-4B8-8126 CMRCL |2800-48-8126 2
5/8, UNCZA, PHLP, PH, 85

16 SCREW, BINDER HD, B8-32 8-32 x 1/4 CMRCL | 2800-54-0217 2
x 174, SLOTED
ZINC-PLATED

o7 WASHER, #8., INT I800-5&-0002 CMRCL |2800~54-0002 2
TOOTH, LOCK. S8

31 SCREW, 2 X 5/14. TYPE | 2B00-57-2905 EMRCL {2800-87-2905 23
B, THD FORM. PH, 55

21 SCREW, PH, &-32 X 2800-59-510% CMRCL |2800~59-5105 &
5716, PHLPS, NYLOK. 58

13 SCREW, 6-32/3/8, FH, PH  2800-60-6104 CHMRCL |2800-60-6104 2
PS. 100DEG, S5, NYLDK. PA
TCH

2 SCREW, 8-32X7/16, 100DE  2800-60-8107 CMRCL | 2800-60-8107 16

MVETEI( TITLE ASSEMBLY NO. 1000-00-0687 REV

MODEL. 98 1MHz SYNTHESIZED B
PARTS LIST FOWER OSCILLATOR
PAGE 4
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REFERENCE DESIGNATORS

PART DESCRIPTION

ORIG-MFGR—PART-ND MFGHR WAVETEK NO. QTY/PT
& FH PHLEPS. 5S. NYLOK
o3 EXTRU, RUBBER, U 9za LESIG | 3200-06-007% ]
CHNL. 1/1& ENSIDE, 1/8
OUTSIDE
NONE PWR CORD, SHIELDED &001-80—-0009 WYTK | 6001--80-000% 1
MVETEK TITLE ASSEMBLY NO. 1000~00~0b47 REV
- MODEL 7?8 fMHz SYNTHESIZIED B
PARTS LIST POWER OSCILLATOR
PAGE 5
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REFERENCE DESIGNATORS

PART DESCRIPTION

ORIG-MFGR-PART-ND

MFGR WAVETEK NCL.

QTY/PT

REF

REF

CR2

Cléa

€1 €113 €115 C12 €13 C141
Cioe% C170 €2 C22 €23 C24
C23 C2& C4 C5

C101 C3 CBO C92

Cioz G104 C108 C10% C110
Ci111 C112 C113 C116 C120
Cl121 C122 C123 €124 Cc1a3
Cigé Q127 CizB €129 €130
C131 €132 €133 C134 C135
€134 Q137 €138 C139 Ci4

A/D, LMHz SYNTHESIZED
OSCILLATOR BOARD

SCHEMATIC, 1MHz
SYNTHESIZED
OSCILLATOR BOARD

5L 2R & 2V B% 400MW
(IN753A)

THERMAL CASKET-REAR
PANEL-A

THERMAL GASKET-REAR
PANEL-HB

SUPPPORT PLATE.
TRANSISTOR

CaP, CER, LOOPF, 1KV
CAP. CER, . OLMF, +-10%, 3
OV, X7R, . 1"LS

CAP, CER, . O1MF, 1KV
CAP, CER, . 1

MF. S0V, X7R, +—10%., . 1"
LS

1101-30-3498

11¢4-00-34%4

1IN7334

1400-02-4400

1400-02-4410

1400-02--5007

DD-101 LONG LEAD

SR155CI02KAA

GaP-103

SR203C 104KAA

WVYTK N101-00-34%8

WVTK N1104-00-34%8

ROHM [131. 9620

WVTK  [1400-02-4400

WVTK  11400-02-4410

WVYTK  1400--02-5007

CRL I15300~01~0101

AV 1300-01-0307

CRL 1500~01-030%

AVY 1500-01-0413

14

1039

MVETEK TITLE . A1
PCA, 1MH:z BYNTHEBIZED
PARTS LIST DSCILLATOR

ASSEMBLY NO.

1100-00-34%8

PAGE 1

REV
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REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR—-PART—-MNO MFGR WAVETEK N, QTY/P
€140 C141 C142 C143 C144
Cl145 G146 €147 €149 C1i5
C1¥%0 Ci15t €152 €199 Ci159
C1358 C1éa4 C165 C1é6s Cta7
Ci48 C171 C18 C19 20 €2t
C28 €29 €31 C32 C33 €34 c3b
C36 C42 C43 C47 c48 C49 Cs5D
C51 €22 C53 C%4 CB3 (36 C57
C8%8 CS? C& CH1 ChAZ &3 CLa
C&3 CA&7 C&F C7 C70 C73 C78
C?% C77 C79 C79 €81 ¢@3 cag
ca8 C9 C¥0 C93 C97 C9PE C99
G160 CAP., CER, 15PF, 1KY D150K2052 L NaAAL PHLIP ({1300-01-%011 1
a0 CAP. CER NCD1. SPF1KVKZ30-CR NIC 1500-01-5507 1
DISK: 1. 5PF, 1KY, TEMP
COMP '
C136 C137 C159 C1&2 Cia0 CAP, CER: 220PF: 1KV D221K20Z 5FNAAEM PHLIP (1800-02-2111 5
€37 CAP. CER SOAG33 SPRAG [1500-03-3001 1
DISK, 33PF, 1KV, 10%
€39 Ca4a CAP., MICA, 240PF, 500V DM1S5-241 0 ARCO ([1300-12-4100 2
CA40 C45 CAP, MICA, 270PF. 500V DM15~271.) ARCO [1300-12-7100 2
C41 C4& CAP, MICA, 30PF, 500V, RA DMI5-300J ARCO [1500~13-0000 2
DIAL
C17 CAP, MICA. 52PF, SO0V DM15-420J ARCO [1500-1&-2000 i
MVETEK TITLE Al ASSEMBLY NO. 1100-00-3498 REV
PCA, 1IMHz SYMTHESIZED E
PARTS LIST OSCILLATOR
PAGE 2




L9 SOIVWIROS ANV SIS Sldvd

ManualsPlus.com

REFERENCE DESIGMNATORS PARY DESCRIPTION OR1&6-MFGR-PART-NO MFGR WAVETEK NO. Qrv/e

C154 CAP. ELECT, 20LD TYFE, EEC-FS5FBU105 PANAS 11 500-30-1000 1
1 FD., 5.5vDC, .2 LS
ROUND BODY

C104 C107 Coé& CHB €85 CA7 CAP, ELECT. 100#F, a5V NREIQIMASVIOX12. S(OBS) NIC 1500-31-0102 &
RADIAL LEAD,SP . 20

€100 CAP, ELEC, 100 MF, NRE101IMI&VS. 3X11 NEIC 1500~31-0111 1
14V, RAD, .1 LS

C1t14 C117 CAP, ELECT, 1000MF /30V NRE102MSOV1&X2S5 MNIC 1 300-31-0203 2
RADIAL LEAD, SP .30

C3h CAP, ELECT, 1000MF 7156V 1500-31-021i4 WYTK |1500-31-0211 |
RaDlaL LEAD, SP .20

cag CAP, ELECT, 22MF, 25V, RA SRAZSVBZZRM&XTLL UNGCON [1500-32-2002 1
DIAL,

c7t c72 CAB, ELECT, 2200MF. 25V ECEALIEV222S FaNAS |1300-32-8202 2
RADIAL LEAD

C103 105 CAP, ELECT, 3300MF, 50V NRE 3300/50 NiC 1500-33—-3202 2
RADIAL LEAD, SF .40

CB2 CB4 €87 C91 CAP, ELLECT, 4700MF 725V NREAAT2M25VIB K36 NIC 1300~34-7202 4
RADIAL LEAD. SP .50

Co3 Cvq CaP, ELECT, 1&V. &A00 NREASIM1&VZ2X4E1 NIC 1560-34-6201 2
uF, RAD. 0.4 LS

c148 CAP, TANT, 47MF. 20V 1260476 X9020PE4 (QBS) SPRAG |[1500~74-7601 1

MVETEK TITLE A1 ASSEMBLY NO. 1100-00-3498 REV

' FCA, 1MHz SYNTHESIZED E

PARTS LIST 0SCILLATOR
PAGF A
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REFEREMCE DESIGMATORS PARTY DESCRIPTION ORI1G-MFGR—PART-ND MFGR HAVETEX NO. ary/Pi
€27 ¢330 CaAP, TANT, &. 8MF, 50V T354J585MOS0AS KEMET 1 500-74-8503 2
i PCB, LOW DISTORTION 1700-00-134%8 WYTK [t 700-D0-3498 1
SINE WAVE OSCILLATOR
REF:. SPEC
0008-00-0455 REV E
L1 CHOKE. 3. 3MH, 10% 1537-24 BLVAN |[1800-00-0004 1
JI10 J& JT7 J8 J9 CONN, BNC(FPC) 2271411 AMP 2100-01-001% 3
J4 CONN., HEADER 1-640386-0 AMP 2100-02-007% 1
Pl& COMN, HEADER, 10 PIN 1-5404556-0 AMP 2100-02-0133 1
Ji14 1S PC JACHK 07-20%4-1-04 CONCD 2100-02~-0190 2
P11 CONN, HEADER., 3 PIN 929834-01-03 APTRN 2100-02~-01%4 i
P11 JUMPER, FEMALE, 2 22993000 APTRN 2100-02-02103 1
POSITION, Q.1 SPACE
J13 CONN, HEADER, 40 1-0102589-2(REF ONLY) AMP 2100~-02-02546 1
PINM: RECPT. 2X20..1 CTH
RCMT
WS CONN: RECP, GPIB, 24P0%, 48B-2R4-24BM32K? BURND [2100-02--0259 1
125 TAIL,RT ANG.PC
MT
Xu3 SOQCKET. IC, 28 PIN DILB2BP-108T BURND [2100-03--0081 i
Xus SAOCKET, 84 8215731 AMP 2100-03--0094 £
MVETEI( TITLE A1 ASSEMEBELY NO. 1100-00-3458 REV
FCA. 1MHz SYNTHES!ZED E
PARTS LIST OSCILLATOR -
PAGF 4




£€-9 SOILvAZHOS ONY SLST S1EVd

ManualsPlus.com

REFERENCE DESIGMATORS

CRIG-MFGR—-PART-NO

PART DESCRIPTION MFGR WAVETEK NO. aTY/PT
PIN, PLCC, THRU HOLE
16 JACHK, C1.SD ENTRY. PCH 450-3752-01-04-00 CAMB  [2100-~03~0096 2
TYPE., PRES MNT. 0. 040
PIN
P13 P22 P23 TERMINAL TAB (FASTON) &2747-1 AMP  [2100-04-0008 3
TP14 TP2 TPS TEST POINT, BL#. PC TP-104-01-00 COMPU [2100-04-0054 3
TP1 TP10 TP11 TP12 TP13 TEST PUINT, RED, PC TP-104=01-02 COMPO [2100-04-0085 13
TP1S TP1& TP3 TP4 TP6 TR7
TPB TPY
8 CONN PIN, INSERT 2100~05-0061 WYTK  [2100-05-0061 2
vz OSCILLATOR, 10MHZ, TTL | F1144H-10MHZ FOX  [2300-99-00736 1
5 TRANS IRAD 503075 BIVAR [2800-11-0003 4
& TRANSIPAD 531-218 BIVAR [2800-11-0004 &
3 HEATSINK 209 WAKE  [2800-11-0008 2
11 WASHER 5607-150 SESTH [2800~11~0015 5
10 HEATSINK, TO-220, CLIP{ 9749028033 AAVID [2BOO-11-0040 3
oN :
7 HEATSINK, TO-5 PKE 7-120BA IERC  |[2B800-11-0042 4
14 RIVET, 1/8 BODY SSD43SSES EMHRT [2800-12-0055 3
DIA, 1/8-3/16 GRIP S8
WAVETEK TITLE A1 ASSEMBLY NO. 1100-00-3498 REV
PCA: 1MHZ SYNTHESIZED E
PARTS LIST OSCILLATOR
PAGE 5
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REFERENCE DESIGNATORS

FART DESCRIPTION

ORIG-MFGR-PART-ND

MFGR HAVETEK NO.

WYWEHIS Oy 8

ST

15

iz

13

JP1

FR3 FB&

KI K2 K3 K4 K3 K& K7 KB K5

R174 RB3
R4z

R10? R11Q
R130 R134
R1i5& R160

RIOS R10s6 R107 RiOgB

HOLE PLUG. BINDER
HEAD. NTRAL NYLON

WABHER,
#4

LOCK REG, S/9
SCREW PLPS PAN M/S
18- 8/5 4-40Xi/4
JUMPER

BALUN
CORE. FERRITE, &80 QOHMY

RELAY. 1
FORMC, 5V, . 312H, . 294

POT. TOP TRIM, 20T 100M
POT, TOP TRIM, 20T, 1K
RES, C, 1/72W, 5%, 10
RES,C.1/2W, 5%, 3.9
RES, C: 1/2W, 5%, 4. 7

RES. C, 1/72W, 5%, 8. 2

207-120241-03-0101

M8 35338-135

MS 5195713

4£1-2871-01-03-10

2943466471

HD1E~M-DCSV

&HWR1G0K
HBWR 1K
RC-1/2-104
RC-1/2-3RFJ
RC-1/2~4R7J

RC-1/2-BR2J

FASTX [2B00-35-0009

CMRCL [2800-45-4000

CMRCL. [2800-48-4104

CAMEN [3000-00—0034

FARIT |[310G0-00-0017

AROMT |145G0-00-0034

BECK [4609-90-0001

BECK [440%-90-0005
STHPL [4700-25~0100
ETKPL |4700-25-039%
ETKPL (4700-25-047%

STKPL |4700-25~0827

R&4 RAES RES RAT R&B R&A? RAD RES. MF, 1/8W. . 1%, 1K RNSSE-1001B HMEPCO [4701-02-1001
R71 R72 R72 R74 R75 R76 RA7
R78 R73
PCA, IMH: SYNMTHESIZED
PARTS LIST OSCILLATOR
PAGE &
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REFERENCE DESIGNATORS PART DESCHIPTION ORIG-MFGR-PART-NG MFGR WAVETEK NO. aTY/P¥
R38 R39 RAO R41 RES, MELM, 1/8W, 0. 1%. 20 RN5SE20028B MEPCO |4701-02-2002 3
"

R10 R12 R16 R170 R22 RES, MF, 1/8W, 1%, 100 RNS 5D 000F TRW |[4701-03-1000 5

R121 R13 R143 R147 R148 R1B RES, MF, 1/8W, 1% 1K RNS5D-1001F TRW  [4701-03-1001 12

R180 R1B& RA3 R37 R56 R&1

R138 R1467 R3 R34 R4 RS RE8 | RES, MF, 1/8W. 1%, 10K RNS5D-1002F TRW  |4701-03-1002 8

RO

R175 RES, MF, 1/8W, 1%, 100Kk | RNS5D—-1003F TRW  [4701-03-1002 1

R101 R103 Ri23 R124 R125 RES, MF, i/8W, 1%, 10 5043ED10R100F MEPCO |4701-03-1009 14

R126 R179 RiH1 R19 R8O R8I

RB2 RO3 RO4

R3& RES, MF, 1/8W, 1%, 11K RNSSD-1102F TRW  |4701-03-11032 1

R100 R102 R117 R11B R119 | RES, MF, 1/8W, 1%. 121 RNS5D-1210F TRW  |4701-03-1210 7

R120 R150

R164 RES, MF, 1/8W, 1%, 12. 1K | RNS5D~1212F TRW  |4701-03-1212 1

R29 R30 RES, MF, 1/6W, 1% 1. 5K | RNS5D—1501F TRW  |8701-03-1501 3

RYE RES, MF, 1/8W, 1%, 15 RNSSD-1SROF TRW  |4701~03~1509 1

R145 RES, MF, 1/8W, 1%, 165 RNSBD—16850F TRW  |a701~03-1650 1

R144 R190T R1F1T RES, MF, 1/6W, 1%, 182 RNS5D~1820F TRW  (4701-03-1820 3

MVETEK TITLE A1 ASSEMBLY NO. 1100-00-3498 REV
FCA: IMHz SYNTHESIZED E

PARTS LIST OSC TLLATOR

PAGE 7
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REFERENCE DESIGNATORS PART DESCRIPTION OR IG-MFGR-PART-NO MFGR WAVETEK NO. aTY /P
R104 RES, MF. 1/8W, 1%, 19. 1K | RN55D-1912F TRW  [47C1-03-1912 1
R137 R89 RF0 RY5S RY& RES, MF, 1/8W, 1%, 2K RNS5D-2001F TRW  [4701-03-2001 5
R& RES.MF. 1/8W, 1%, 2. 21K | RN55D-2211F TRW  |3701-03-2211 1
R3Z RES. MF, 1/BW. 1%, 24% RNSSD-249GF TRW  [4701-03-24%0 1
R176 R45 R&63 R&7 R8BS RS1L RES. MF. 1/8W. 1%, 2. 49K | RN535D-2491F TRW  [4701-03-2491 7
R4
R4& R92 RES. MF, 1/8W, 1%, 24. 94X | RN55D~2492F TRW  [4701-03-2492 2
R25 R27 RES. MF, 1/8W, 1%, 24. 9 RNS5D-24R9F TRW  |a701-03-2499 2
R1 RES. MF, 1 /8, 1%, 274 RNS5D-2740F TRW  [4701-03-2740 1
R142 RES, MF, 1/8W, 1%, 3. OIK | RNS5D-3011F TRW  [4701-03-3011 1
R188 RES, MF, 1/8W, 1%, 332 RNS5D-3320F TRH  |4701-03-3320 1
R1i RES, MF, 1/B8W, 1%, 3. 232k | RNS55D-3321F TRW  [4701-03~-3321 1
R31 Re&2 RES, MF, 1/8W, 1%. 33. 2 RNS5D-33R2F TRW  |4701-03-332% 2
R151 TES' MF RNS5D 365 OHM S043ED365H0OF MEPCD |4701-03~3450 1
R131 R135 RES. MF, 1/8W, 1%, 392 RNS5D-3920F TRW  {4701-03-3920 2
R129 R{32 R133 Ri3&6 R1I55 RES: MF, 1/8W, 1%, 3. 92K | RNS5D-3921F TRW  |4701-03-3921 8
R158 R159 R1&2
WAVETEK TITLE Al ASSEMBLY NO. 1100-00-3498 REV
PCA, 1MHz SYNTHESIZED E
PARTS LIST DSCILLATOR

PAGE 8
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REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFER-FART-NO MFGR WAVETEK NO. GTY/PTY
R43 RES, MF, 1/8W, 1%, 4. 02K RNS5D-4021F TRUW A4701-03-4021 1
R14& RES. MF, 1/8BW, 1%, 40. 2 RNSSD-40RZF TRW  [4701-03-302% i
R2& R2B8 RES, MF, 1 /8W, 1%, 4795 S033RD47S50F MEFCO 4701-03-4730 2
R122 R14%9 R157 R1&1 RI72 RES, MF, 1/8, 1%, 499 RMS5D-4990F TRW 4701-03—-4920 S
R14 R15 R24 R97 RES: MF, 178K, 1%, 4. 99K | RNS55D-49%1F TRW  14701-03-4991 4
R17 RI173 R1B2 R183 R2 RES, MF, 1/BW. 1%, 49, 9K | RNSSD-4992F TRW [4701-03-4%92 5
RB4 RES. MF, 1/8W, 1%: 497K RNGSD—4993F TRW 4701 -03-4993 1
Ri&9 RES.MF, 1 /8W, 1%, 49. 9 RNS5D—A9R%F CORNG [4701-03-4979 1
R171 RES, MF. 1/8M, 1%, 6404 RNS5D-&040F TRW  |4701-03-4040 1
R184 Ri85 RES, MF, 1/8W, 1%, 681 RN55D-&310F TRW  [4701-03-6810 2
::g R53 R34 R35 RS7 R58 RSB RES, MF, 1/8W. 1%, 750 RNBSD-7500F TRW 4701~03—?500. e
R14D R141 R145 R1&8 RES, MF. 1/8W, 1%, 7. SK RNS3D-7301F TRW 4701-03-7501 4
R23 RES, MF, 1 /8W, 1%, . 764 | RNSSD-97&1F TRW  [4701-03-9741 1
R113 R114 R115 Rils RES: MF, 1/4W, 1%, 707 RN&ODFOS0OF TRW  [4701-13-5F0%0 4
R177 R178 RES., MF, 1/2W, 1%, 49. 9 RMaSD-4FRGF TRW 4701-23-4997 2
Ri11 R112 RES. MF, 1W, 1%, 100 RN70D—-1000F TRW  [4701-33-1000 2
WAVETEK TITLE A1 ASSEMBLY NO. 1100-00-3455 REV
PCA, 1MHI SYNTHESIZED E
PARTS LIST OSCILLATOR
PAGE 2
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REFERENCE DESIGNATUORS PART DESCRIFTION ORIG-MFGR-PART-NO MFOR WAVETEK NOI. ATY/P7
EPITAXIAL, NPN, TO-18
@13 Q14 @15 Q1& GiF GB TRANS 2N2F0SA PNP BN2F05A NSC [4F01-02-9051 &
GENERAL PURFOSE TO-5
Q1 G17 Q18 TRANS 2N3904 NPN DN3P04 FAIR [4901-03-9040 3
GENERAL. PURPOSE TO-92
a7 TRANS 2NS5771 PNP 25771 NSC  14%901-05-7710 1
SWITCH TO-92
@20 TRANS TIP-36& TI 4702-00—-0360 1
a3 TRANS, FET N CHANNEL. YNO 106N SUPER [4502-01-0600 1
Uz2s DAC. SERIAL INP, 1& PCMI&P BURR [7000-00-5600 1
BIT. MONC
VR1 VR4 vaOLT REGULATOR, 3 LMIL17T NSC  [7000-03-1700 2
TERMINAL ADJUSTABLE
POS
VRZ2 VR3 VRS VOLT REGULATOR LM337T NSC  [7000-03-3700 3
u30 0P ~AMP LF356N NSC  [7000-03-5600 i
U14 y27 COMPARATOR, DUAL NESZ21N 516  [7000-03-2100 2
DIFFERENTIAL, SENSE
AMP
u3s DAC DAGC 1008LECN NAT  [7000-10-0600 1
U3z VOLTAGE REFERENCE, L.T1021CCNB~10 LINTE [7000-10-2101 1
MVETEK TITLE A1 ASSEMBELY NO. 1100-00-3498 REV
PCA: 1MHz SYNTHESIZED E
PARTS LIST OSCILLATOR
FAGE 11
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REFERENCE DESIGNATORS PART DESCRIPTION DR IG-MFGR—-PART—NO MFER | WAVETEK NI, QTY/P
{0V, B PEN DIP

Ui3 DARLINGTON ARRAYS, ULNZ2003A SPRAG [7000-20-0300 1
HIGH YOLTAGE, HIGH
CURRENT

U24 U28B URY OF, AMP CURRENT EL2020CN ELAN [7000-20-2000 3
FEEDBACHK., SOmh 2

U1 RESET GEN TL7705ACP TI 7000-77-0501 1

U3a U34 OP AMP.HI SLEW MC34081P MOT  [7003~20-8100 =
RTE. WIDEBND, JFET: 8TD

UZ4 USE Udé OP AMP, HI SLEW MC34082F MOT  [7002-40~-8200 3
RTE. WIDEBND, JFET DUAL

uas DRIVER, BUAL LINE SN75121N TI 700751 -2100 1

va21 DAC, 12 BIT, 20MHZ TDC1012N7-62 TRW  |B000-10-1200 1

us SRAM, BKXE. 120NS. CMOS | CXH5B844BP~12L SONY  |8000-82-8400 1

vz MICROPROCESSOR, SBIT | EF&sSo3p se8  l8000-48-0300 1

U1s CATE, NAND, GUAD SN74LS00N TI  |2000-74-0010 1
2-INP., TTL

Uik FLIP-FLOP, DUAL D, POS | SN74ALS74N TI 8000-74~7403 1
EDGE TRIG W/CLR/PRES

Uy ADPT, GP1B INTERFACE | MC&B488P MOT  |8005-84-8800 1

WAVETEK TTLE Al ASSEMBLY NO. 1100-00-3498 REV

PCA. 1MHz SYNTHESIZED E
PARTS LIST OSCILLATOR
PAGE 12
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REFERENCE DESIGNATORS PART DESBCRIPTION ORI G-MFER-PART—ND MFGR WAVETEK MO. QTY/PT
U1z DRIVER. HEX, NON-TNV SN74ALS1034N TI BOD7—41-0340 1
u1o DECODER. 1-8 LINE, TTL | 74LS138 TI B007-41-3810 1
Uil Uiz2 U2z u23 FLIP~FLOP, OCTAL D EN74ALS574N TI B007~45-7450 4
ue XCVR, 0SC BUS, TTL 75140 TI B007-81-6000 t
us TRANSCEIVER, OCT BUS,| SN751&1BN TI B0O07-51-4&100 1
TTL
us EEPROM, SERIAL, 4094 XLF3CHLP EXEL. 1BO09-3&-6000 1
BIT
uie PROG EFPROM: USEE 1 E4 H&00-00-0795 WYTK [B600-00-0793 1
BO02-74-4001 FOR
MODEL 98. V1.0, REF
uie
uzo PROG EPROM, USES 1 B&OO~00-0796 WUTK  [8600-00-0754 1
BOO3-76-4001 FOR
MODEL 98 V1.0, REF
Uzo
U3 PRDG EPROM. USES 1 B&00~00-079¢ WYTK [B600-00-0798 1
EA. B0O02-72-9&400 FOR
MODEL 98 REF U3 vi.2
vig &A, PHASE 8700-00-0001 WVTK  [B700-00-0001% 1
ACCUMULATOR-CUSTOM
us GATE ARRAY, 84 B700~00-0003 WVTK [8700-00-0063 1
PIN, PSC2EE
MVETE K TITLE Al ASSEMBLY NO. 1100-00-3498 REV
PCA, 1MHz BYNTHESIZED E
PARTS LIST 0SC ILLATOR
_ PARE 13
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— | CPB 785 75 75 600 i -
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A | aMPL | FREQ SYMM 1 0 7 4 C | dNiTs MARKER 3 H 9 6 2
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8 7 6 | 5 ¥ 4 3 2 | !
REW ECM [ L2 DATE AP
THIS DOCIMENT CONTAME PROPRIETARY WFON- A_|ERO¥ D0 -452 I AT -.
paTn D LGN WaTE Meicucng To maummc OF DISPLAY CYFD1): B leco 35007 |ac jea)f
AEARON EMCEFT CALMAATEN, CPEMATION, ANG
MARITENAMCE WATHGUT NRITTEN ALTHORIZATION. A. INSTALL AND SOLDER COMPONENTS ON COMPONENT SIDE OF POR.
NOTES B. TRIM LEADS OF COMPONENT ON UPPER B0ARD PER NOTE 3.
| G. ATTACH DISPLAY CUSHION (ITEM NO.3) TO DISPLAY, D
POSITIONING GUSHION S0 THAT IT DOES NOT OVERLAP OISPLAT.
1. COMPONENTS MOUNTED ON COMPONENT SIDE OF PCB O. PLACE DISFLAY (UFO1) WITH ATTRCHED CUSHION ON SOLDER
SHOMN ON SHEET 1, COMPONENTS MOUNTED ON SIDE OF PCA MRKING SURE THAT THE SURFRCE OF THE CUSHION
SOLDER SIDE OF FCB SHOMN ON SHEET 2. IS FLUSH TO THE PCS SURFACE.
@RIBBDN CABLE 1§ INSTALLED BETWEEN J16 ON LOWER PINS GF COMPONENTS ON OPPOSITE SIDE OF PCB WILL
KEYBOSRD PCB AND JiB ON UPPER DISPLAY PCR. PIERCE THE CUSHION.
€. ALLOW DISPLAY {UFDL ON COMPONTCNT 5I0ES 7O SCLF-LEVEL
[ 3 )LEADS OF COMPONENTS MOUNTED ON COMPONENT SIOE OF PCH BEFORE SOLDERING THE FINS OF DISPLAY.
OPPOSITE DISPLAT CUFDL1), MUST HAVE LEADS TRIMMED —
TO HITHIN .858 OF PCB SURFAGE. LEDS (CR1 THRU CR27 ) MAY BE MOUNTED FLUSH TO PCB.
[ 2
L/
MADF TH USA NLlhN-00-20i-1 REV:R o/ 17RE-N0-3A01 REV: F3DH NUMBFR: 23333 ] C
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NOTE: Tnés cor:_nzg:mn. 15 MARKED SEE SEPARATE PARTS LIST
J2 ON THE. PL BOARD [ mfsiavE ATy o — B
COMPONENT SIDE SILKSCREEN et ety focss| A esaece 11799 NAANETEK e sevesenvus| A
W Ceen Vi [TTCE
LS IOV i A2 PCB ASSEMBLY -
T o anorze | DISPLAY/KEYBORRD
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HAEASOE ENCEFT CALMAATION, OFERATHON, Aml
MAINTENANCE WATHOUT WA FTTEN ALFTHORLEATION.
D D
YHMBER LED
/ lkk-H1-3001-2 REV: B . \
. \ Hid-11-30H-2 REV:SB
/ SH1 N\
7 o o
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81O
¢
&
Fi]
1
=] o
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=] o] &9
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=
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o5 o) Gio ‘ B
B CAll
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( \ il
AMBER LED QT Tpl \ o
]
oy
]
o
WIDE PIN THIS SIDE AM3ER LED 2
THIS PIN LONGER PRIOR TO TRIM 1
VIEW A-AR
18 PLACES
. SOLDER SID EJ | [t e sese FT] NAVAVETEI woeoocome] A
" .a’m:‘cémn *he e
SR uhe| A2 PCB ASSEMBLY -
T ATHERmE S DISPLAY /KEYBORRD
WAVETEK PADCESS f: :x ::;: AMGLES 117
BOlE LWLESE OTHERMSE SFECITIED . s[::'z NOT SCALE DWiG “;9;;— .;ERFES ITI;E;)[ . oc‘ 3 822 Illé
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REFERENCE DESIGNATORS PART DESCRIPTION OR I G~MFGR-PART—N{} MFGR WAVETEK NO. aATY/PT
REF A/D, DISPLAY/ 1101-00~3322 WVTK [1101-00-302g 1
KEYBBARD
REF 5/D DISPLAY, KEYBDARD 1104-00-3322 WYTK  |1104-00-3322 1
3 CUSHION, DISPLAY 1400-02-3510 WYTK |1400-02-3%10 1
ClL C10 Cil1 Cf2 C13 C15 C14 CAP.CER, MON, . 1MF, 50V, CACO3Z5U104Z050A CORNG |1500-01-0405 13
C1% C4 C5 Cé& C7 CB AXIAL
cie €2 €3 CAP, ELECT, 10OMF, 35V NRE1OIM3BSVION12, S(OBF) NIC |1500-31-0102 3
RADIAL LEAD,SP .20
T CAP, ELECT. 22MF, 25V, RA SRAZSVBE2ZRM&6XTLL UNCON |1500-32-2002 1
DIAL
1 PCE, DISPLAY/KEYBOARD 1700-00-3001 WUTK |1700-00-3001 1
REF: SPEC
0008-00-0455 REV E
P12 CONN, HEADER, 40 1-102492-3 aMP  |2100-02-0258 1
PIN, PCB MT. .1
CTR.: 2X20, SHRD
VFD1 DISPLAY, VAC, FLLOUR FIP1&6A11R NEC  |[2400-03-0019 1
R7 RE RS RES, MF, 1/8W, 1%, 100 RNS5D—1000F TRW |4701~03-1000 3
R4 RS R& RES, MF, 1/8W, 1%, 10K RN%SD—1002F TRW |4701-03~1002 3
R1 R2 R3 RES. MF, 1/8W, 1%, 2. 494 | RNS55D-2491F TRW |4701-03-2491 3
RNS RN& RNG RES NETWORK 10K 2% 4310R-101-103 BOURN |4770-00-0008 3
WAVETE K TITLE A2 ASSEMBLY NO. 1100-00-3322 REV
PARTS LIST PCA. DISPLAY/ KEYBOARD D

PAGE 1
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REFERENCE DESIGNATORS FART DESCRIPTION ORIG-MFGR—-PART-NO MFGR HWAVETEWR NO. QTY/P
10PIN SIP RUSS

RN1 RNZ2 RN3 RNg RES METWORK 47K 2% 4310R-101-473 BOURN | 4770-00—-0030 4
10PIN SI1P HUSS

RM10Q RN7 RNB RES NETWORK 10PIN SIP 4310R-101-101 BOURN |47 70-00—0054 3
100 OHM BUSS

CR1 CR10 CR11 CR7 CR9 LED, AMBER., RECT BAR LTL-32%51A LITE |[4899-00-005& )

CR12 CR12 CR14 CR15 CR17 LED, GREEN, RECT BAR LTL=32314A LITE |4899-00-0057 21

CR18 CR19 CRZ CR2C CR21

CR22 CR23 CR24 CRZ5 CR2&

CR27 CRZ2 CR4 CRS CR& CRE

61 G2 63 TRANS ZN3904 NPN 2N3F04 FAIR [49201-03-92040 3
GENERAL. PURPOSE TR-92

8wl ENCODER., ROTARY, MADE S5109-00-0001 WYTK |5109-00-0001 1
FROM 5104-00—-0027

2 CABLE., FL.EX. JMP, ABSY 1-86943-1 AMP &001 -40-0017 1

VR1 VOLT REGULATOR. 78L15 TI 7000-768-1501 1
POSITIVE

uz MUX/DEMUX, ANMaLOG CD40518E RCA e000-40~-5100 1

ui CONTROLLER. ALPH NUM 10957P--50 ROCK [BD01-0%9-5700 i
DISP, 40V

ug DECODER/DEMUX, 3 TO § SN74ALS138N TI B8007-41-3800 1
LINE ’

MVETEK TITLE A2 ASSEMBLY NG, 1100-00-3322 REY

PARTS LIST PCA: DISPLAY/ KEYBOARD D

PAGE 2
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REFEREMNCE DESIGNATORS FART DESCRIFTION ORIG-MFGR~-FPART-NO MFGR WAVETEK NO. aTYsPT
U3 US Us U7 FLIF~FLOP, OCTAL D SN7AALSS74N T1 8007-45-74%0 4
WAVETEK TITLE A2 ASSEMBLY NO. 1100-00-3322 REV
PCA, DISPLAY/ KEYBOARD D
PARTS LIST
PAGE 3
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APPENDIX A
PERFORMANCE VERIFICATION FORM

Date Technician

Frequency Range, Accuracy, Resolution
Measured value
Step 3: Accuracy

1 MiHz WHz
Step 4: External Ref

1 MHz yes/no
Step 5: Range, Rasolution

8B88.888 kHz yas/no

444 444 KHz yoaine

444.445 kHz yes/no
50Q Amplitude Range/Accuracy

Measured value

Step 3: Full Scale Accury.

5Vmms Yrms
Step 4 Residual Offset:

5Vrms mYyrms
Step £: Range/Accuracy

2Vrms Vrms

1Vrms Vrms

500 mVrms myrms

200 m¥rms myrms

100 myrms myrms

50 mvVrms myvrms

20 mvrms myrms

10 myrms myrms
500 Amplitude Flatness

Measured value

Step 3

1 kHz yas/no
Step 4,

100 kiz dB
Step &

600 kHz dB

ManualsPlus.com

Serial No

Specified value

1MHz = 25 Hz
1 MHz = 1 count
288 888 kHz = 1 count

444,444 KHz = 1 count

444 445 kHz = 1 count

Specified value
4.949 10 5.051 Vrms
< =10 mvVrms
1.97910 2.021 Vrms
098910 1.011 Vims
494 1o 506 mvrms
197 to 203 mvrms
98 to 102 mVrms
48.5t0 51.5 mVrms
18.8 10 21.2 mVrms

8910 11.1mVims

Specified value
0.00 dB (rel)
<z 0.2 dB (rel)

<= 0.5 dB {rel)

PERFOSMANCE VERIFICATION Form As1



600 Amplitude Range/Accuracy
Measured value
Step 4: Full Scale Accury.

10 Vrms Vrms
Step 5: RangefAccuracy
5vVrms Vrms
1¥ms Vrms
6000 Amplitude Flatness
Measured value
Step 3
1 kHz yasine
Step 4.
100 kHz dB
Step &
200 kHz dB
Sine Wave Purity
Measured value
Step 3t
THD at 1 kHz {30 kHz filter on} dB
Step 4:
THD at 10 kHz {80 kHz fiiter on) diB
Step &:
THD at 100 kHz (no filter) dB
Sweep Output Amplitude Accuracy
Measured value
Step 2:
Vout at index 0000, 600Q mydec
Step 3:
Yout at index 1023, 6000 Vde
Sync Output
Measured value
Step 3:
600 kHz yes/no
Step 4.
Upper Level Y
Lower Levesl Y
Rise Time ns
Fall Time ns

A-2 FPorroanMaNse VERRIZATON |
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Specified value
8.495 to 10.505 Vrms
4,745 10 5,255 Vrms

(.845 10 1.055 Vrms

Specified value
0.00 dB (rel)
<+ 1dB {rel)

< +1, -4 aB{rsl

Specified value
=—70dB (0.03%)
< - 70 dB (0.03%)

< - 60 dB (0.1%)

Specified value
0+ 25 mvde

25=028Vdc

Specified value
3cycles TTL square
=20V

<G4V

<50 ng

< 50 ns



Reference tnput

Measured value

Step 3: Internal Reference
600 mvp-p, 7 MHz

Step 4 External Reference
lower threshold

Sigp 5 External Reference
upper threshold

Front Panel

Measured value

Step 1. Test controls and displays
Test operation

yes/no
MHz

MHz

yes/no

ManualsPlus.com

Specified value
EXT indicatar off
EXTon, 7.0108.8MHz

EXTon, 10.210 13.0 MHz

Specified value

operational

PERFORMANCE VERIFICATION FoRM A=d
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Thank you for your order.

| do appreciate your business.

Please check my listings often as more files are added
frequently. www.ke3gk.net

You can also check my website where eBooks not listed on ebay
- are for sale. www.ke3gk.com

DELIVERY TIMES

Sometimes your item will be delivered later than the eBay
‘estimated’ delivery time. Please check the tracking numbers
on the shipment details to verify when | mailed your item, and
the time it took the USPS to deliver your item before arbitrarily
leaving low ratings in the SHIPPING TIME category. | usually
mail items the same or next day of your purchase. That’s fast.
The rest is up to the USPS.

THE DSR RATING SYSTEM

Ebay created this rating system years ago. Unfortunately there
is only one rating that counts as a positive rating for sellers.
That is a 5 star rating. According to eBay, a rating of 4 and
below counts negatively against the sellers account.



http://www.ke3gk.net/
http://www.ke3gk.com/

SUPPORT and QUESTIONS

| am always available for support and to answer your questions.

Just because your item was delivered to you doesn’t mean that
we are done. | hope that we can build a strong relationship and
| look forward to your future business.

| do appreciate your business, positive feedback and 5 star

rating.

Thanks again

Best regards

Satisfaction —

100%

Guaranteen!

We strive to provide 5 star service.




