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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 period
of one (1) year from the date of delivery when used under normal operating conditions
and within the service conditions for which they were furnished.

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

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

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

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

Exclusion of Other Warranties

The Warranty described above is Buyer’s sole and exclusive remedy and no other
warranty, whether written or oral, is expressed or implied. Wavetek specifically
disclaims the implied warranties of merchantability and fitness for a particular pur-
pose. No statement, representation, agreement, or understanding, oral or written, made
by an agent, distributor, representative, or employee of Wavetek, which is not contained
in the foregoing Warranty will be binding upon Wavetek, unless made in writing and
executed by an authorized Wavetek employee. Under no circumstances shall Wavetek
be liable for any direct, indirect, special, incidental, or consequential damages,
expenses, losses or delays (including loss of profits) based on contract, tort, or any
other legal theory.
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SAFETY FIRST

Protect yourself. Follow these precautions:

Don’t touch the outputs of the instrument or any exposed test wiring carrying the output
signals. This instrument can generate hazardous voltages and currents.

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

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 & or/A\).

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

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

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

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

Pay attention to the CAUTION statements. They point out situations that can cause equip-
ment damage.

vii
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1.1 MODEL 178

The Model 178 Programmable Waveform Synthesizer
is a 1 pHz to 50 MHz multifunction sweep synthesizer
that can operate as a trigger, gate or burst generator
at levels to 20 volts peak-to-peak. It is synthesized to 8
digits in all modes.

Its main generator, an 8 digit 50 MHz synthesizer, pro-
duces sine and square waves and, at reduced fre-
quencies, triangles, ramps, pulses and haverwaves.

An external reference input can phase lock the syn-
thesizer by locking the reference source. Phase lock-
ing allows the synthesizer to operate as a variphase
generator with phase offset in 0.01° increments.

The output level is specified into a 502 load from 1 mV
to 20 Vp-p with 3 digits resolution. DC offset can be
programmed to vary the waveform base line +10V.
Amplitude is displayed in units of Vp-p, Vrms or dBm
for any waveform.

The internal sweep generator varies the main
generator frequency (linearly or logarithmically) be-
tween the start and stop frequencies. The sweep
generator has its own operating modes: triggered,
gated, hold at start and hold at stop. In addition, ten
programmable frequency markers, available one at a
time, can be used to indicate critical frequencies
within the sweep. The sweep generator can internally
trigger the main generator to produce pulses with a
10 us to 10 min. repetition rate and 5 us to 5 days
pulse width.

Two external inputs may be used to phase- or
amplitude-modulate the synthesizer. If the synthesizer
is phase modulated, the main generator (when
operating at frequencies above 500 kHz) varies up to
+360°. When amplitude modulated, the output can
be modulated up to 200%.

Data entry is from the front panel or GPIB with
microprocessors controlling the data. Numeric input
is entered in free format; fixed, floating or exponential
notation. Parameters may be entered in any order. In-
ternally, all entries are checked for errors and interac-
tively displayed on the front panel.

SECTION
GENERAL DESCRIPTION

Up to 5 complete sets of programming may be stored
and rapidly recalled.

1.2 OPTIONS

Option 001 allows up to 40 sets of complete front
panel settings to be stored in memory. Memory is bat-
tery backed up (internally recharged) for 60 days
(minimum) retention of settings. Memory is expan-
dable to 240 settings.

Option 002 provides an additional high stability frequency
reference crystal for greater accuracy. The high stabil-
ity frequency has an accuracy of £5 X 10-%and an
aging rate of 5 X 10-%/day (average) or <4 X 10-¥
week.

1.3 SPECIFICATIONS

1.3.1 Versatility

Waveforms

Sine v , square 'L , triangle "\ , ramps 1, I\,
haversine /\., /", havertriangles A, v, AM
{sine) ¢© , and DC.

Operational Modes
NOTE
1. All modes are synthesized.
2. See Frequency Range Section for fre-
quency capability in each mode.
3. Trigger modes: Trigger jitter <1% of
waveform period.

Continuous: Generator runs continuously.

Triggered: Generator is quiescent until triggered by
an external signal, internal sweep signal, GPIB or
manual trigger, then generates one cycle at selected
frequency.

Gated: As triggered mode, except generator
oscillates for the duration of the gate signal plus the
remainder of the waveform in progress.

Triggered Haverwave: As triggered mode, except
output is a sine or triangle waveform starting at —90°
(or +90°).

1-1



Gated Haverwave: As gated mode, except output is a
sine or triangle waveform starting at — 90° (or + 90°).

Triggered Burst: As triggered mode, except the
number of cycles output for each trigger input is
selectable from 1 to 65,536 (2'¢) counts.

Triggered Haverwave Burst: As triggered burst, ex-
cept output is a sine or triangle waveform starting at
—90° (or +90°).

Frequency Sweep: Output frequency can be swept
by internal sweep generator. (See Sweep Generator).

Frequency Range
Low-end frequency for all waveforms is 1uHz.

Continuous Mode:

N, L, OO (AM sine) to 50 MHz.
A, to 500 kHz.

~1, P\ 1o 20 kHz.

All Triggered Gated and Burst Modes:
N, L, AN, 00 (AM sine) to 200 kHz.
A1, P\ to 20 kHz.

Main Output

All waveforms are available to 20 Vp-p maximum into
50Q load. Combined amplitude/dc offset waveforms
not to exceed % 10V peak into 509. Output voltage
into an open circuit is double indicated voltage when a
voltage less than 5V peak is selected. Output avail-
able from front or rear. Source impedance: 502 (for
<10V output), hi Z (for >10V output). Output may be
floated up to 42V peak.

Phase Offset: Output phase may be changed from
+ 1000 revolutions (% 360,000°) in 0.01° resolution
steps to 500 kHz and 0.1° (or better) resolution steps
above 500 kHz.

Amplitude Conversion
Permits entry and display of amplitude for all
waveforms in units of Vrms, Vp-p and dBm.

DC Offset and DC Voltage Output

0 to +10 Vdc into 50Q. Output voltage is double into
open circuit when voltage less than =5 Vdc is
selected.

Auxiliary Outputs

TTL and TTL Sync: At generator frequency, 50Q
source impedance, 50% duty cycle, <5 ns transition
time.

Reference Output: 10 MHz, 1 Vp-p sine, 50Q source
impedance

1-2

Sweep Ramp: (See Sweep Generator).
Frequency Marker: (See Sweep Generator).

Inputs

Trigger: ATTL level transition can trigger or gate both
main generator and/or internal sweep generator. Trig-
gering slope up (_# ) or down ( X ) is selectable.

Reference: An external 0.5V to 10 Vp-p sine or pulse
clock of =5 ppm or better stability and accuracy
automatically locks the internal reference. External
clock may be 1, 2, 3..., 9 or 10 MHz. Input impedance
is 1 kQ.

Amplitude Modulation: Modulation levels up to 20
kHz. Input impedance is 600 ohms. Amplitude reduced
by approximately 50% with OV input. 5.4 Vp-p,
+15%, ac signal (with OV offset) provides 99%
modulation. AC signal with —2.7 Vdc, +15%, pro-
vides 200% modulation. Modulation bandwidth
typically 10 MHz. Sync output unaffected by
modulation.

Phase Modulation: Rates from DC to 10 kHz
minimum. Input impedance is 10 kQ. £5V input
delivers approximately +360° shift. Output deviation
is =100 for main output frequencies 500 kHz and
below.

Data Entry
Front panel keyboard with display and GPIB program-
ming.

1.3.2 Main Generator

1.3.2.1 Frequency Resolution
8 digits or 1uHz.

1.3.2.2 Frequency Precision
Accuracy

Better than 0.0005% of program setting, +0.01 uHz.

Stability
Long Term: £1 x 10~ 6/mo.

Temperature: +1.2 X 10~ 7/°C.

Signal to Phase-Noise
Better than — 46 dB in a 30 kHz band centered on car-
rier but excluding a +1 Hz band around the carrier.

Spurious

-60 dBc or 30 uV whicheveris greater, 1 uHz to 200 kHz.
-54 dBc or 30 uV whichever is greater, >200 kHz to 500
kHz. '

-44 dBc or 30 puV whichever is greater, >500 kHz to 50
MHz.



1.3.2.3 Amplitude Precision
Resolution and Accuracy

NOTE
DC offset range is O to+ 10 Vdc

Accuracy (Amplitude)
+1% £20 mV
+1% £10mV
+3% +2mV
+4% +100 pV
+5% +£20 pV

Amplitude Range
10.02 10 20.00 Vp-p
1.01t0 10.0 Vp-p
0.101 t0 1.00 Vp-p
10.1 to 100 mVp-p
1.00 to 10.0 mVp-p

NOTE
Specified for 1 kHz sine wave, or for dc output
into a precision 0.1% 50Q load.

Resolution: 3 digit <10.0 Vp-p, 4 digit (20 mV) >10 Vp-p.
DC Offset: +1% of setting £40 mV (worst case).

NOTE
Amplitude and dc offset share the output attenuator.

Frequency Response

Frequency Range Response
1 uHz to 20 kHz +1%
>20 kHz to 500 kHz +3%
>500 kHz to 25 MHz +7%
>25 MHz to 50 MHz +15%

Specified relative to 1kHz sine wave, >100 mV to 6Vp-p,
QV offset into 50Q.

Frequency Range Response
1 uHz to 20 kHz +1%
>20 kHz to 500 kHz +3%
>500 kHz to 7 MHz +7%
>7 MHz to 20 MHz +12%
>20 MHz to 50 MHz +20%

Specified relative to 1 kHz sine wave, >6V to 10 Vp-p,
OV offset into 50Q.

For square add 1%. For triangle add 1% to 20 kHz; for
greater than 20 kHz, unspecified.

For ramps add 5% to 10 kHz; add 15% to 20 kHz.

Amplitude and Offset Stability

Short Term: 0.1% +1 mV for 10 min.
Long Term: 0.5% +5 mV for 6 months.
Measured at room temperature.

1.3.2.4 Waveform Characteristics

Sine Distortion

Harmonically related signals less than:

-55 dB to 50 kHz.

—40 dB to 500 kHz.

-30 dB to 50 MHz.

Specified for 1 Vrms (2.83 Vp-p) sine wave.

Square Wave Rise and Fall Time
Less than 10 ns, 1.01 to 10.00 Vp-p.
Less than 12 ns, greater than 10 Vp-p.

Square Wave Aberrations
<5% = 50 mV of p-p voltage.

1.3.3 Sweep Generator

Sweep generator is fully synthesized and may be used
independently or for frequency sweeping and trigger-
ing the main generator. Frequency sweep may be
selected linear or logarithmic, and up or down. Sweep
may be triggered, interrupted with hold, and con-
tinued with resume.

1.3.3.1 Sweep Modes

Continuous Sweep: Sweep generator sawtooth runs
continuously.

Triggered Sweep: Incoming trigger causes a single
sweep and resets to the start frequency.

Triggered Sweep/Triggered Reset: As in triggered
sweep, but sweep holds at stop frequency until subse-
quent trigger returns frequency to start frequency.

1.3.3.2 Sweep Characteristics

Sweep Time
0.01 to 600.00 sec, 10us resolution.

Sweep Output
0 to approximately +5V ramp synthesized to 2000
steps per sweep. 600Q output impedance.

Frequency Marker Output

TTL levels. One of the ten preset markers can be-
selected. Output is low when the main generator fre-
quency is below marker frequency; output is high
when above. Crystal clock accuracy equal to that of
synthesizer.

Maximum Sweep Range
Low Band: 1 uHz to 500 kHz.

High Band: 5 kHz to 50 MHz.

Minimum Sweep Range
Linear: Any start and stop frequencies with a
minimum separation of:

Low Band: 20 mHz per 1s of sweep time.
High Band: 2 Hz per 1s of sweep time.

Log: Any start and stop frequencies with ratio greater
than 2.

1-3



Sweep Resolution
Frequency Resolution including Start, Stop, Hold,
Markers: 8 digits or 1 pHz.

Sweep Frequency Update: Every 5 ps (lin and log).
Log Slope Update: Every 2 ms.

1.3.3.3 Pulses

Square function triggered by sweep generator. Pulse
parameters of period and width are controlled by sweep
time and main generator frequency respectively. Pulses
are generated to high synthesizer resolution and accu-
racy. Pulse is continuous or triggered externally.

Period

10 ps to 600s.

4 digits or 10 us resolution (Control: Sweep Time),
_jitter <2% of pulse width.

Width

5 us to 500,000s (>5 days),

8 digits resolution (Control: Main Frequency);
<0.05% jitter.

NOTE
Width is usable to 1 ps.

1.3.4 General

Stored Settings

Up to 5 complete instrument setups can be stored and
recalled from volatile (RAM) memory. Settings may be
modified or deleted.

GPIB Programming

Standard General Purpose Interface Bus (GPIB) pro-
gramming per IEEE Standard 488-1978. Interface is
optically isolated from signal ground. Interface
includes Listener (AH1 and L4), Talker (SH1 and T6),
SRQ (SR1), Local Lockout (RL1), Device Clear (DC1),
Group Execute Trigger (DT1) capabilities, and open
collector logic (E2).

Parameter Time
Command Handshake 15 ps
Data Handshake 65 us
Frequency 11ms
Amplitude 14 ms

DC Offset 14 ms
Mode 4ms
Function 5ms
Output 4ms
Stored Settings 13ms
Execute 8 ms

NOTE

Above programming speeds are typical.
Programming times vary with different con-
trollers. Data rate follows slowest listener
on bus.

Environmental

Accuracy applies for 25°C +10°C after 30 minutes
warm-up unless otherwise noted. Instrument will
operate from 0°C to 50°C to 10,000 ft altitude at 90%
relative humidity. Storage temperature from —25°C
to +65°C.

Dimensions
44.5cm (17.5in.) wide; 13.3 cm (5% in.) high; 53.4 cm
(21 in.) deep. Supplied with rack mount adapters.

Weight
13.6 kg (30 Ib) net; 19.4 kg (43 Ib) shipping.

Power
g0 to 105V, 108 to 126V. 198 to 231V or 216 to 252V,
48 to 67 Hz; less than 180 watts.

1.3.5 Options

001 Additional Stored Settings

Provides nonvolatile memory for 240 additional stored
settings. Memory is battery backed up (internally
recharged) for 60 day (minimum) retention of settings.

002 High Stability Frequency Reference

An additional frequency reference crystal for greater
accuracy.

Accuracy: £5X-10®
Aging Rate: 5 X 10~°/day (average) <4 X 10%week.



SECTION

 INSTALLATION AND INTERFACE

2.1 MECHANICAL INSTALLATION

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

CAUTION
Do not mount this instrument by front panel
alone. Slides or tray support is necessary
to prevent instrument damage. (Ref: Figure

2-1)
PIN: 2400-07-0003(2) 8-32 X 3/8 IN.
PAN HEAD PHILLIPS
o= [

X\

av

.\NO. 8 FLAT WASHER

NO. 8 SPLIT
LOCK WASHER

NO. 8 NUT

¥

N

_—

P/N: 2400-99-0007(2)

NOTE:
IF SIDE RA!L DOES NOT HAVE PRESS NUTS 'd ]
USE NO. 10 LOCK WASHER AND NO. 10 /%
NUT. 10-32 x 12 IN.
TRUSS HEAD
PHILLIPS

Figure 2-1. Optional Slide Mounting

The generator can be used as a bench instrument or
rack mounted. In either use, ensure that there is no
impedance to air flow at any surface of the instru-
ment. Before rack mounting, it may be desirable to
perform the initial checkout (paragraph 2.2.5) to verify
operation of all functions.

2.2 ELECTRICAL INSTALLATION
2.2.1 Power Connection
NOTE

Unless otherwise specified at the time of

purchase, this instrument was shipped
from the factory with the power trans-
former connected for operation ona 120 Vac
line supply and with a 2 amp fuse.

Conversion to other input voltages requires a change
in rear panel fuse holder voltage card position and
fuse (figure 2-1A) according to the following procedure.

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

2. Remove the small printed circuit board and
select operating voltage by orienting the printed
circuit board to position the desired voltage to
the top left side. Push the board firmly into its

module slot.
Card Position Input Vac Fuse
100 90 to 105 2 amp
120 108 to 126 2 amp
220 198 to 231 1 amp
240 216 to 252 1 amp

3. Rotate the fuse-pull back into the normal posi-
tion and insert the correct fuse into the fuse
holder. Close the cover door.

4. Connect the ac line cord to the mating connec-
tor at the rear of the unit and the power source.

Figure 2-1A. Voltage Selector and Fuse




2.2.2 Signal Connections

NOTE
Use RG58U or equivalent 50Q coaxial
cables equipped with BNC connectors to
distribute FUNCTION QUT signals.

Instrument BNC connectors are:

EXT TRIG IN, front and rear panel, TTL

SWEEP OUT, front panel, 0 to =5V, 600 impedance.
SYNC OUT, front panel, TTL, 502 impedance

SYNC OUT, rear panel, TTL, 509 impedance
FUNCTION OUT, front and rear panel, 10 Vp-p, 50Q
impedance; 10 to 20 Vp-p, >10 kQ impedance.

REF IN, rear panel, 0.5V to 10 Vp-p, 1 to 10 MHz
REF OUT, rear panel, 10 MHz, 2 Vp-p, 50Q impedance
MARKER OUT, rear panel, TTL

AM IN, rear panel 5 Vp-p (100% modulation), 6002 im-
pedance

6 MOD IN, rear panel, 5 Vp-p Maximum, 10 k{2 im-
pedance

Table 2-1. GPIB Data In/Out

Pin Signal
1 DIOA
2 DIO2
3 B:gi True When Low
5 EOI
6 DAV
: g } True When High
9 IFC
10 SRQ } True When Low
11 ATN
12 Chassis Ground
13 DIO5
14 DIO6
15 DIO7 > True When Low
16 DIO8
17 REN
18 ]
19
20 L
21 Signal Ground
22
23
24 )

2-2

Signal ground may be floated up to +42 volts with
respect to chassis ground. Be aware that if one signal
ground is floated, all signal grounds, on both front and
rear panels, are likewise affected.

2.2.3 GPIB Connections

Tha DI
FHG G

[> 3]
ure 2-2; pin connections and signal names are given
in table 2-1. The panel connector is an Amphenol
57-10240 or equivalent and connects to a GPIB bus
cable connector (available from Wavetek in 1 and 2
meter lengths). The GPIB interface is optically iso-
Jated from the main generator.

/0 rear pane! connection is shown in fig-

Table 2-2. GPIB Address Codes

Switch Hexa-
ASCII Position decimal

Device | Listen | Talk | 1 2 3 4 5 |Listen|Talk
0 (space) @ 00000 20 40
1 ! A 10000 21 41
2 B 01000]| 22 42
3 # C 11000 23 43
4 $ D 00100| 24 44
5 % E 10100 25 45
6 & F 01100| 26 46
7 G 11100 27 47
8 ( H 00010]| 28 48
9 ) I 10010 29 49
10 * J 01010 2A 4A
11 + K 11010 28 4B
12 , L |00110| 2C 4C
13 — M 10110 2D 4D
14 ® N 01110 2E 4E
15 / O |11110]| 2F 4F
16 0 P 00001 30 50
17 1 Q 10001 31 5
18 2 R 01001 32 52
19 3 S 11001 33 53
20 4 T 00101 34 54
21 5 U 10101 35 55
22 6 V 01101 36 56
23 7 W 11101 37 57
24 8 X 00011 38 58
25 9 Y 10011 39 59
26 : 4 01011 3A 5A
27 ; [ 11011 3B 5B
28 < \ 00111 3C 5C
29 = ] 10111} 3D 5D
30 > ! 01111

3E 5E

Address 31 is not aliowed.



Location Function Paragraph
1 Function Output 2.2.2, 3.11,
App E
2 Reference Input 222,386
3 Reference Output 2.2.2,3.86
4 Sync Output 222
5 Power Cord Receptacle 2.2.1
6 Fuse and Fuse Holder 2.2.1
7 Marker Output 2.2.2,3.9.6
8 Phase Modulation Input 222,386
9 GPIB (General Purpose Interface 2.2.3,3.16
Bus) Connector
10 AM Input 222,384
11 GPIB Address Selector Switch 224
12 Trigger Input 222,37

Figure 2.2 Rear Panel and Cross Reference

2.2.4 GPIB Address

For instruments on the General Purpose Interface Bus
(GPIB), ensure that the GPIB address is correct. The
GPIB address can be changed by the switch on the
rear of the instrument (see figure 2-2) by simply setting
the multiple section switch located on the rear panel
according to table 2-2. The switch sections are labeled
from 1 through 5 and their open position noted (OPEN
= Binary 0" in table 2-2). To verify the address,

press ADR on the front panel. The device number
(decimal) and ASCII listen and talk addresses will be
displayed.

2.2.,5 Initial Checkout and Operation

Make the equipment setup as shown in figure 2-3 and
perform the steps in table 2-3 to verify Model 178
operation. if further explanations are required, refer to

figure 3-1 and table 3-1.
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Table 2-3. Operation Verification

Ste

P

Test

Tester & Setup

Program

Desired Results

Wake-up state and
Self Test

Connect Model 178
and oscilloscope as
shown in figure 2-3.
Scope setting:

CH1 0.5 Vidiv,

CH2 0.1 vidiv,

select CH1 only,
horizontal 0.2 ms/div,
trigger to external

Power: ON

Display: All segments, decimal
points and commas light up for

one second

K s
SELF-TEST for one second,
then WAVETEK MODEL 178.
Scope: CH1 1 kHz, 1 Vp-p sine
wave.

Select CH2

Wake-up Status

CH2, sweep signal 0 to
= +200 mV, 2s per sweep.

Press STATUS key

Display (changes automatically):
FREQ 1 kHZ

AMPL 1V P-P
OFFSETO V

FUNC SINE (0)

MODE CONTINUOUS (0)
BURST COUNT 2
PHASE 0 DEG

SW STRT 500 HZ

SW STOP 5 kHZ

MKR FRQ 1 kHz

SWP OFF (0)

SWEEP TIME 2 SEC
OUTPUT ON (1)

FRONT OUTPUT (0)
EXTERNAL TRIGGER (0)
TRIG SLOPE POS (0)

o

MODEL 178

o]

SYNC
ouTo 0

SWP
ouTt

FUNC
out

OSCILLOSCOPE
Q 9

5004 cR2

CH1

SYNC

Figure 2-3. Step 1 Setup

o)

MODEL 178

SYNC

O outQ9 ©

[ ]

OSCILLOSCOPE

FUNC o (o]

ouT

500 4] CH1 CH2

Figure 2-4.

Step 59 Setup

24




Table 2-3. Operation Verification (Continued)

Step Test Tester & Setup Program ’ Desired Results
4 Status Search STATUS Status display sequence stops.
5 t Status progresses forward.
6 | Status progresses backward.
7 STATUS Status display sequentially
continues.
8 Display Test DISPLAY All segments decimal points,
TEST and commas light up.
Back to last display
when released.
9 Press FREQ key a few times Beeper sounds everytime key
is pressed.
10 Press J\, then FREQ key Beeper is silent.
a few times
11 ,F Beeper enabled.
12 Command Recall Press each of the 8 keys in the Strings of characters shown
MAIN generator section 4 times on display.
then CMD
RCL
13 Press — or — Moves characters left or right,
4 at a time.
14 GPIB Address and ADRS Display: GPIB ADDR
Status (Ref: Table 2-2)
15 Set Frequency FREQ Display: FREQ 1 kHZ.
16 - Display: FREQ 1.0000000 kHZ.
17 t Frequency LSD increases.
18 | Frequency LSD decreases.
19 —Or— Different digits are intensified
(selected for editing).
20 Reset Frequency Select CH1 —or— until _digit selection Display: FREQ 1 KHZ
(intensification) stops. Scope: 1 kHz, 1 Vp-p sine wave.
21 Set Amplitude AMPL Display: AMPL 1V P-P
22 Use cursor, — — t | Scope: Amplitude increasing or
to increase or decrease amplitude | decreasing.
23 Amplitude Scope setting: AMPL 20 EXEC Scope: Sine wave 20 Vp-p.

5 Vidiv

Display: AMPL 20 VP-P
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Table 2-3. Operation Verification (Continued)

Step Test Tester & Setup Program Desired Results

24 2 Vidiv AMPL 10 EXEC Scope: 10 Vp-p

25 20 mV/div AMPL .1 EXEC Scope: 100 mVp-p

26 5 mV/div AMPL 1EXP-2 EXEC Scope: 10 mVp-p

27 5 mV/div AMPL 1EXP-3 EXEC Scope: 1 mVp-p

28 0.5 V/div AMPL 1 EXEC Scope: 1 Vp-p

29 Offset Scope setting: 1 V/div OFFSET 2 EXEC Scope: 1 Vp-p sine wave,

+ 2 Vdc offset.

30 OFFSET -2 EXEC —2 Vdc offset.

31 Use cursor to increase or Offset increases or decreases.

decrease offset

32 OFFSET 0 EXEC 1 Vp-p sine wave, 0 Vdc offset.

33 Function (Waveform, Scope setting: 0.2 FUNC Display: FUNC SINE (0).

Low Frequency) Vidiv Scope: 1 Vp-p, sine wave.

34 1 Display: FUNC TRIANGLE (1).
Scope: 1 Vp-p triangle wave.

35 ! Display: FUNC SQUARE (2).
Scope: 1 Vp-p square wave.

36 1 Display: FUNC RAMP (3).
Scope: 1 Vp-p ramp.

37 1 Display: FUNC DC (4).

Scope: 0 Vdc.

38 | Display: FUNC AM SINE (5).
Scope: 0.5 Vp-p, sine wave.

39 Function (Waveform, | Scope setting: FUNC 0 FREQ 1EXP7 EXEC | Display: FREQ 10 MHz

High Frequency) Horizontal 50 nsi/div Scope: 10 MHz, 1 Vp-p sine
wave.

40 FUNC 2 EXEC Display: FUNC SQUARE (2).
Scope: 10 MHz, 1 Vp-p square
wave.

. Display: FREQ 50 MHz.

41 Scope setting: Vert AMPL 10 FREQ 5EXP7 EXEC sgo%eyso MHz, approx

2V/div, Horiz 10 ns/div 8 Vp.p square wave.
NOTE: Quality of waveform is dependent on cable length and speed of scope.
42 System Reset Scope setting: RESET Display: RESET.
(Reset to wake-up Horizontal 0.5 ms/div Scope: 1 kHz, 1 Vp-p sine wave.
state) CH1 0.5 Vidiv
43 Amplitude Definition AMPL Display: AMPL 1V P-P
44 AMPL Display: AMPL IN VP-P (0).
DEF




Table 2-3. Operation Verification (Continued)

Step Test Tester & Setup Program Desired Results

45 1 Display: AMPL IN VRMS (1)

46 AMPL Display: AMPL 354 mV RMS.

47 FUNC 1 EXEC AMPL Display: AMPL 289 mV RMS.
Scope: 1 Vp-p triangle.

48 FUNC 2 EXEC AMPL Display: AMPL 500 mV VRMS.
Scope: 1 Vp-p square wave.

49 FUNC 0 AMPL 1 EXEC Display: AMPL 1 V RMS.
Scope: 2.83 Vp-p, sine wave.

50 FUNC 1 EXEC AMPL Display: AMPL 1V RMS.
Scope: 3.46 Vp-p, triangle wave.

51 FUNC 2 EXEC AMPL Display: AMPL 1 V RMS.
Scope: 2 Vp-p square wave.

52 FUNC 3 EXEC AMPL Display: AMPL 1 V RMS.
Scope: 3.46 Vp-p, ramp.

53 AMPL 2 EXEC Display: AMPL IN dBm (2).

54 AMPL Display: AMPL 13 dBm.
Scope: 3.46 Vp-p ramp.

55 FUNC 2 EXEC AMPL Display: AMPL 13 dBm.
Scope: 2 Vp-p square wave.

56 FUNC 1 EXEC AMPL Display: AMPL 13 dBm.
Scope: 3.46 Vp-p triangle wave.

57 FUNC 0 EXEC AMPL Display: AMPL 13 dBm.
Scope: 2.83 Vp-p sine wave.

58 System reset RESET Display: RESET.

Scope: 1 kHz, 1 Vp-p sine wave.

59 Triggered Attach scope per EXT/INT 1 TIME .01 Display: MODE TRIGGERED (1).

figure 2-4. MODE (Main) 1 EXEC Scope:

Scope: ' CH1, 1 cycle of sine wave,
CH1 0.5 Vidiv CH2, Sync pulse, 0 to =25V
CH2 1 vidiv

Horizontal 2 ms/div

60 Gated Trigger to CH2 1 Display: MODE GATED (2).
Scope: CH1-Burst of sinewave.
CH2-Burst of sync pulses.

61 Burst t Display: MODE BURST (3).
Scope: CH1-2 cycles of sine
wave. CH2-2 sync pulses.

62 BURST t ! Display: BURST COUNT 4.

Scope: CH1-4 cycles of sine
wave. CH2-4 sync pulses.
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Table 2-3. Operation Verification (Continued)

Step

Test

Tester & Setup

Program

Desired Results

63

Trigger Haver

Gated Haver

65

69

Burst Haver

70

[l

72

73

Inverted Burst Haver

74

System Reset

MODE (Main) t

Display: MODE TRIG HAVER(4).
Scope: CH1-1 cycle of haversine
CH2-One sync pulse.

Display: MODE GATED HAVER()
Scope: CH1-Burst of haversine.
CH2-Burst of sync pulses.

Display: MODE BURST HAVER (6).
Scope: CH1-4 cycles of haversine.
CH2-4sync pulses.

FUNC

Display: FUNC SINE (0)

Display: FUNC TRIANGLE (1).
Scope: CH1-4 cycles of
havertriangle.

CH2-4 sync pulses.

Display: FUNC SQUARE (2).
Scope: CH1-4 cycles of
square wave.

CH2-4 sync pulses.

Display: FUNC RAMP (3).
Scope: CH1-4 cycles of ramp.
CH2-4 sync pulses.

AMPL -1 EXEC

Display: AMPL —1V P-P
Scope: CH1-4 cycles of
inverted ramp.

CH2-4 sync pulses.

FUNC |

Display: FUNC SQUARE (2).
Scope: CH1-4 cycles of
inverted square.

CH2-4 sync pulses.

Display: FUNC TRIANGLE (1).
Scope: CH1-4 cycles of
inverted havertriangle.

CH2-4 sync pulses.

Display: FUNC SINE (0).
Scope: CH1-4 cycles of
inverted haversine.
CH2-4 sync pulses.

RESET

Display: RESET.

Scope: CH1-1 kHz, 1 Vp-p
sine wave. CH2-0 to =2.5V
sync pulses.

75

Continuous Sweep,
Linear.

Attach scope per
figure 2-3. Scope:
Trigger to internal.

Horizontal to .5 ms/div.
Vertical mode to chop.

Sync to CH1.

MODE ({Sweep) 1 EXEC

Display: SWP CONT LIN (1).
Scope: CH1-Frequency sweeping
from 500 Hz to 5 kHz, 2s per
sweep. CH2- 0 to =5V, 2 sec
ramp.



Table 2-3. Operation Verification (Continued)

Step Test Tester & Setup Program Desired Results
76 Trigger Sweep, t Display: SWP TRIG RST LIN (2).
Reset, Linear Scope: CH1-500 Hz
sine wave. CH2-0 Vdc.
7 MAN Scope: CH1-Sweeping to 5 kHz
TRIG and reset back to 500 Hz. CH2-
Ramp to =5V and reset to OV.
78 Trigger Sweep and 1 Display: SWP TRIG HOLD LIN (3)
Hold, Linear Scope: CH1-500 Hz sine wave. Scope: CH1-500 Hz sine wave.
CH2-0 Vdc. CH2-0 Vdc.
79 MAN Scope: CH1-Sweep to and hold
TRIG at 5 kHz."CH2-Ramp to =5 Vdc.
80 MAN Scope: CH1-Reset to 500 Hz.
TRIG Ch2-Reset to 0 Vdc.
81 Sweep Hold and TIME 10 EXEC MAN Display SWEEP TIME 10 SEC
Resume TRIG Scope: CH1-Frequency
sweep starts. CH2-Ramp to=5Vdc
82 HOLD Scope: CH1-Constant frequency.
CH2-Stops ramping. Display: In-
dicates frequency at hold.
83 RESUME Scope: CH1-Sweep continues,
stops at 5 kHz.
CH2-Continues to =5 Vdc.
Display: RESUME
84 MAN Scope: CH1-Reset to 500 Hz.
TRIG CH2-0 Vdc.
Display: SWEEP TIME 10 SEC
85 Sweep Hold, Search MAN Scope: Sweep starts.
and Resume TRIG
86 HOLD Scope: Constant frequency.
87 A Scope: CH1-Frequency
increasing or decreasing.
CH2-Sweep output level
remains constant.
88 RESUME Scope: CH1-Sweep continues
from where it was held.
CH2-2 ramps to =5 Vdc.
89 Continuous Sweep, START 100 STOP 15 Display: SWP CONT LOG (4).
Logarithmic FREQ FREQ Scope: CH1-Frequency sweeping
MODE (Sweep) 4 EXEC from 100 Hz to 100 kHz
logarithmically.
CH2-2 ramps to =5 Vdc.
90 Triggered Sweep, t

Reset, Logarithmic

Display: SWP TRIG RST LOG
(5).
Scope: CH1-100 Hz. CH2-0 Vdc.
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Table 2-3. Operation Verification (Continued)

Step

Test

Tester & Setup

Program

Desired Results

91

92

93

94

Triggered Sweep
and Hold,
Logarithmic

MAN
TRIG

Scope: CH1-Frequency sweeps
from 100 Hz to 100 kHz logar-
ithmically, then resets to
100 Hz. CH2-Ramps to =5 Vdc,
resets to 0 Vdc.

Display: SWP TRIG HOLD
LOG (6).
Scope: CH1-100 Hz. CH2-0 Vdc.

MAN
TRIG

Scope: CH1-Frequency sweeps
from 100 Hz to, and holds at,
100 kHz, logarithmically.
CH2-2 ramps to =5 Vdc.

MAN
TRIG

Scope: CH1-Reset to 100 Hz.
CH2-Resets to 0 Vdc.

95

Sweep with Marker

Enter Marker
Frequency

97

100

Recall Marker
Frequency

101

Modify Marker
Frequency

Scope: Connect
scope as in

figure 2-5. Sync

to external input.
Horizontal 2 ms/div

MODE (SWEEP)4 TIME .02
MARKER 1 EXEC

MARKER
FREQ

MARKER
FREQ 1E4

MARKER
FREQ

MARKER 2 3E3
MARKER 3

MARKER 4 3E4

Display: MKR (1) 1 KHZ.
Scope: CH1-Frequency sweeps
from 100 Hz to 100 kHz.
logarithmically. CH2-Marker
switches from low to high
when swept frequency is at
1 kHz.

MARKER 1 EXEC

Display: MKR (1) 1 kHZ.
Scope: Marker at 1 kHz of
swept frequency.

Display: MKR (2) 3 kHZ.
Scope: Marker at 3 kHz of
swept frequency.

Display: MKR (3) 10 kHZ.
Scope: Marker at 10 kHz of
swept frequency.

Display: MKR 30 kHZ.
Scope: Marker at 30 kHz of
swept frequency.

MARKER - t | or -
FREQ

Scope: Marker on CH2 will
move left or right, and display
will indicate the up-dated
frequency.

102

103

104

Store Stored
Settings. (If Option
001 is installed, use
procedure similiar to
steps 102 through 110
to verify storage
locations 6 thru 45.)

Connect scope as in
figure 2-6. Horizontal
to 1 ms/div.

RESET FUNC 1 EXEC

Scope: 1 kHz triangle.

STORE 1 EXEC

Display: NO. 1 LAST STORED

FUNC 2 AMPL 2 EXEC

Scope: 1 kHz, 2 Vp-p
squarewave.




Table 2-3. Operation Verification (Continued)

Step Test Tester & Setup Program Desired Results
105 STORE 2 EXEC Display: NO. 2 LAST STORED
106 FREQ 2E3 FUNC 0 EXEC Scope: 2 kHz, 2 Vp-p sine wave.
107 STORE 3 EXEC Display: NO. 3 LAST STORED
108 Recall Stored RECALL 1 EXEC Display: SETTING 1 RECALLED
Settings. Scope: 1kHz, 1Vp-p triangle
109 t Display: SETTING 2 RECALLED
Scope: 1kHz, 2 Vp-p square
wave.
110 ! Display: SETTING 3 RECALLED
Scope: 2kHz, 2 Vp-p sine wave.
111 Qutput OFF/ON RESET Display: RESET.
Scope: 1 kHz, 1 Vp-p sine wave.
112 OFF/ON 0 EXEC Display: OUTPUT OFF,
LD OUT (0
Scope: No signal,
FUNCTION OUT open circuit.
113 OFFION 2 EXEC Display: OUTPUT OFF, LD IN (2).
Scope: No signal,
FUNCTION OUT shorts to
ground through a 509 resistor.
114 | Display: OUTPUT ON (1).
Scope: 1 kHz, 1 Vp-p sine wave.
115 Front or Rear Output FRONT/ Display: FRONT OUTPUT (0).
REAR Scope: (CH1) 1 kHz,
1 Vp-p sine wave.
(CH2) no signal.
116 FRONT/ EXEC Display: REAR OUTPUT (1).
REAR Scope: {CH1) no signal.
(CH2) 1 kHz, 1 Vp-p sine wave.
117 | Return to front output.
118 External Trigger Connect scope and RESET Display: RESET.
Model 182A (TTL
source) as in figure
2-7. Set Model 182A
119 frequency to 100 Hz. MODE (Main) 2 EXEC Display: MODE GATED (2).
Sync on CH2. Scope: Burst of sine wave (CH1)
Horizontal to 2 ms/div. when square (CH2) is high.
Scope trigger to
120 internal. SLOPE 1 EXEC Display: TRIG SLOPE NEG (1).

Scope: Burst of sine wave (CH1)
when square (CH2) is low.

2-11



Table 2-.3. Operation Verification (Continued)

Step Test Tester & Setup Program Desired Results
121 Amplitude Modulation | Connect scope and RESET Display: RESET.
sine generator as
shown in figure 2-8.
Sync on CH2. Set
Model 182A to
122 100 Hz, 3 Vp-p sine FREQ 1 EXP 4 FUNC 5 EXEC| Dispiay: FUNC AM SINE (5).
wave. Scope trigger Scope: Modulated sine wave
internal. Horizontal (CH1), 100 Hz, 3 Vp-p sine wave
to 2 ms/div. (CH2).
FUNC
MARKER
OUT (REAR) ouTt (RE/AR)
MODEL 178 / MODEL 178 o l
sweep O syne
o Oout o o OSCILLOSCOPE o) 0] ouT O Q OSCILLOSCOPE
FUNC o Q FUNC
out
out 500 CH2| SYNC 500 500 SYNC
CH1 CH1
CH2
Figure 2.5. Step 95 Setup Figure 2-6. Step 102 Setup
MODEL 178
MODEL 182A
o) o o o OSCILLOSCOPE (OR EQUIV)
EXT FUNC o o
TRIG ouT
IN 500 L] CH2 AM IN (REAR)
CH1 MODEL 178 ’/ I:
0 e} o) OSCILLOSCOPE
TTL
FUNC o o]
ouT
50Q CH2
MODEL 182A —
(OR EQUIV) CH1

Figure 2-7. Step 118 Setup

Figure 2-8. Step 121 Setup
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NOTE
Refer to table 3-1 for key
and connector information.

Figure 3-1.

Front Panel Controls and Connectors



3.1 DATA ENTRY

Using the Model 178 is quite straight forward and is
easily understood by trial and error method while the
microprocessor ‘‘converses’ with you during
operating, informing you what was programmed, what
is possible to program and when an error is made.
Perform the procedures of table 2-3 to familiarize
yourself with Model 178 operation. Keyboards are
shown in figure 3-1 and cross referenced to table 3-1,
which in turn references the applicable text. Readout
that occurs when the keys are pressed are listed in
Appendix C. Readout is literal and in two slightly dif-
ferent modes. For example, for frequency, amplitude
and offset, when FREQ, AMPL or OFFSET keys are
pressed, as for an inqguiry as to status, the words
MICROHERTZ, MILLIVOLTS, etc., are used; when the
operator starts keying in the parameter argument, no
unit of measure is displayed. Coded parameters, such

SECTION
OPERATIONS

as function, mode and output show their programmed
argument in parentheses.

An audible tone indicates that a key is pressed. Press-
ing & will prevent or restore the key tone. If there is
no tone when keys are pressed, pressing & restores
the tone and vice versa.

tnformation exclusive to the GPIB is given in
paragraph 3.16.

Additional reference information appears in the
appendixes:

Appendix A - ASCII and IEEE (GPIB) Code Chart

Appendix B - Programming Command Summary

Appendix C - Displays

Appendix D - Output and Timing for Basic Modes
and Functions.

Appendix E - Mode Combinations and Output

Table 3-1 Function Cross Reference

Location in ASCII Action (A) or Appendix C and
Figure 3-1 Character Function Parameter (P) Paragraph

1 N Sweep Start Frequency P 3.9.1
2 @) Sweep Stop Frequency P 3.9.1
3 XN Marker Selection P 3.9.6
4 XO Marker Frequency P 3.96
5 XJ Resume Sweep A 3.95
6 XH Sweep Hold A 3.95
7 T Sweep Time P 3.9.2
8 S Sweep Mode P 3.9.4
] F Frequency P 3.8.1
10 A Amplitude P 3.8.2
11 D DC Offset P 3.8.3
12 C Function (Waveform) P 3.84
13 K Phase P 3.8.6
14 L Set Phase Zero Reference A 3.8.6
15 R Burst Count P 3.85
16 B Main Generator Mode p 3.85
17 Othru 9 Number Characters P 3.3

18 Z Reset A 3.13
19 Display Test A 3.14
20 Status A 3.15




Table 3-1 Function Cross Reference (Continued)

Location in ASCII Action (A) or Appendix C and
Figure 3-1 Character Function Parameter (P) Paragraph
21 \ Amplitude Definition P 3.8.2
22 & (Tone On/Off) A 3.1
23 | Program Execution A 3.5
24 Clear Entry A 3.i2
25 E Exponent P 3.3.3
26 Function Output 3.111, App E
27 Sync Output 22,3113
28 XP Output Front/Rear P 3.11.1
29 P Output Off/On P 3.11.2
30 Y Recall Stored Setting P 3.10
31 M Store Setting P 3.10
32 G Trigger, Int/Ext P 3.7
33 Q Triggering Slope P 3.7
34 J Manual Trigger Pressed A 3.7
34 H Manual Trigger Released A 3.7
35 Local Control Enable A 3.16
36 Command Recall A
37 GPIB Address A 2.2.4,3.16.21
38 Sweep Generator Output 3.9.4, App E
39 External Trigger Input 394
U Recall Previous Program A 3.10.2
W Recall Next Program A 3.10.3
XG GET Mode P 3.16.7
XQ SRQ Enable P 3.16.5
XT Talk Message P 3.16.4
XV Terminator Select P 3.16.6
40 Readout 3.16.9, App C
M Cursor A 3.6
3.2 POWER keyboard. Thus, if the GPIB port is continuously sup-

Power is turned on and off with a front panel push-
button. When the power is turned on, the entire
display lights up for a display element test. Then, the
generator automatically performs a self test routine.
“‘SELF TEST” is displayed at this time. When testing
is completed, “WAVETEK 178" is displayed. At least
two seconds must elapse between power OFF and
power ON for proper reinitialization of logic. When the
power comes on, the output is automatically enabled.

3.3 BASIC COMMAND STRUCTURE

The Model 178 is programmed by sending ASCIl
coded characters (ref: table 3-1 and Appendix A) to
the microprocessor via one of the two possible input
ports (keyboard or GPIB) shown in figure 3-2. If input
characters are present on more than one input port,
they are read first from the GPIB and then from the

3-2

plied with characters, then no characters will ever be
read from the keyboard.

3.3.1 Characters

Characters used to program the 178 are divided into
classes:

1. Alphabetic Characters—The characters A
through Z (except E) select actions or com-
mands. The X character used in front of another
alphabetic character selects an alternate set of
actions or commands. The X must directly
precede the alphabetic character without inter-
vening characters of any kind. For example, P
selects the output and off/lon and XP selects
front/rear function output, but X A P (where
A is a space character) selects output off/on,
not front/rear output because a space character,



GPIB
(1ST PRIORITY)

KEYBOARD
(2ND PRIORITY)

DISPLAY JRECALL|  sTORED
MEMORY - SETTINGS
Y
RECALL | STORE
WHEN :
PARAMETER SCRATCH PAD
ENTRY IS NIV
TERMINATED
AND LEGAL
WHEN EXECUTED
(I, GET OR
VERNIER)
y
WAVEFORM
circurts [

Figure 3-2. Memory Structure

not X, was placed immediately before the P.
Alphabetic characters are generated from the
keyboard by pressing the labeled action and
parameter keys. The characters generated by
such keys are printed in a corner of the key.

2. Numeric Characters—The characters 0
through 9, E, —, and decimal point (.).

3. Special Character—Quote ().

4. Terminator Character—Initially the ASCII new
line character (NL). This can be changed by pro-
gramming.

5. Nonprogramming Characters—Any character
not in one of the previously described classes.
They have no effect on programming and may
be interspersed freely among programming
characters, except after X (refer to item 1).

3.3.2 Action Vs Parameter

The alphabetic characters are used to select either
actions or parameters (ref: table 3-1). An action is a

sequence of events which happens when the letter
that selects it is programmed or the key that selects it
is pressed. There is no need for a numerical suffix. A
programming parameter has one or two letters (and
most have keys) plus a numeric value which controls
some aspect of the instrument’s operation.

To program an action, simply program the proper
alphabetic character from either the front panel or
GPIB port. The action will then take place, but only if
the instrument is in the enable state at the moment
when that character is read by the microprocessor
(ref: REN, paragraph 3.16.1).

To examine the current value of a parameter, simply
program the proper alphabetic character from either
the front panel or GPIB port. The current value is then
displayed on the front panel. Display occurs whether
or not the instrument is enabled. If the character pro-
grammed does not correspond to a legal parameter in
the instrument, nothing happens.

3.3.3 Programming Parameter Values

The numeric characters (0 through 9, E, —,) are used
to program new parameter values. To change a
parameter value, first program the alphabetic
character which selects the desired parameter (F =
frequency, etc.). Next, program the new value using
numeric characters. Any sequence of characters
which gives the new value is acceptable. For exam-
ple, all of the sequences in table 3-2 cause the value
100 to be programmed. :

Table 3-2. 'Examples of Value Programming

ASCII Keyboard Standard Notation

100 100 100

0100 0100 100 (leading zeros are ig-
nored)

1E2 1EXP 2 1 x 102

.01E4 .01 EXP 4 .01 x 104

.01E304 | .01 EXP 304 .01 x 10* (last two expo-
nent digits only are used)

1000E-1 | 1000 EXP +1 1000 x 10~

1E-2- 1EXP £2 1 x 102 (two minus signs
cancel)

1E.2 1EXP .2 1 x 10? (decimal points in
exponent are ignored).

The numbers to the left of the E are the mantissa; the
digits to the right (only two are allowed) are the expo-
nent. The result value is the mantissa times 10 to the
exponent power: for example 9.93 E2 = 9.99 x 102
= 999.
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Only one decimal point and one E (keyboard EXP) are
allowed per number; additional ones are ignored. The
sign toggle character may appear any number of
times. It causes the sign of the mantissa (if E has not
been programmed) or the exponent (if E has been pro-
grammed) to be reversed (if negative, then positive,
and vice versa) each time it appears. Any number of
nonprogramming characters may be interspersed
with the numeric characters, as they have no effect. If
an undesired value is entered, the CLEAR ENTRY key
can be used to erase it.

Several parameters required codes for specific selec- -

tions; for example, function codes 0 through 3 select
sine wave. triangle wave. square wave and ramp
waveform. Refer to Appendix B for codes.

Table 3-3. Round Offs

Round Offs

Up to 8 Digits, 1 pHz minimum.
To Nearest 20 mV,
10.02 to 20.00V
To Nearest 10 mV,
1.01 to 10.00V
To Nearest 1 mV,
99 to 1000 mV
To Nearest 100 uV,
9.9 to 100.0 mV
To Nearest 10 pV,
1.00 to 10.00 mV
Up to 3 Digits:
To Nearest 10 mV,
5.01 to 10.00V
To Nearest 5 mV,
1.005 to 5.00V
To Nearest 1 mV,
100.5 to 10.00 mV
To Nearest 100 pV,
10.05 to 100.0 mV
To Nearest 10 uV,
1.00 to 10.00 mV
Up to 5 Digits:
+360.00° +.01°
Up to 4 Digits or 10 us
To Nearest .01s

Parameter

Frequency
Amplitude

Offset

Phase

Time (Sweep)

Time (Sweep

Off) Up to 8 Digits:
10 us to 600.00s to
nearest 10 ps

All Other

Parameters To Nearest Integer
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Since the number input format is so general, the
microprocessor must be told when the last numeric
character has been entered so it can evaluate the
number. This is done by programming either an
alphabetic, special or terminator character. When this
is done, the new value is rounded off (ref: table 3-3)
and tested to see if it is a legal value for the setting be-
ing changed (ref: paragraph 3.4). if it is iegai, the new
value is entered into the instrument’s scratch pad
memory; however, it is not yet sent to the waveform
circuits. That is usually done by programming the I
action (EXEC key on the front panel). Other methods
of execution are GET and cursor, which are described
later. An asterisk (*) on the display indicates that the
new parameter value programmed has not been ex-
ecuted and resides in scratch pad memory only (ref:
figure 3-2). All parameter values may be erased
before execution by using the CLEAR ENTRY key, the
value stored in scratch pad is erased and the original
value is displayed.

3.4 ERRORS

When an illegal value is programmed or interdepen-
dent parameter errors are detected, an error signal is
indicated on the front panel or GPIB. Keyboard errors
only are indicated on the front panel display and by a
double ‘‘beep’’ of the key tone. For errors made via
the GPIB (but not the keyboard), a service request
(SRQ) is made, providing the service request function
has been enabled (ref: paragraph 3.16.5). The con-
troller can then serial poll its instruments to verify that
the 178 sent the SRQ and can then inguire as to the
nature of the error. The method of reporting errors on
the GPIB is given in paragraph 3.16.4.

3.4.1 Class 1 Errors

Class 1 errors are caused by programming values out-
side the legal limits of the parameter being pro-
grammed. For example, programming an amplitude of
500 volts will cause a parameter error when the next
alpha character is programmed. At this time, the 178
disregards the new values and retains the previously
programmed values in scratch pad memory (see
figure 3-2).

3.4.2 Class 2 Errors

Class 2 errors are interparameter inconsistencies,
such as frequency greater than specified for a par-
ticular function. Tests are made every time an
execute (I) is given, a setup is stored (M) or a cursor
key is pressed. Resulting errors are displayed, and
transfers of values are made to waveform circuits or
storage regardiess of the error indicated. Notice that



upon receiving a Group Execute Trigger (refer to
paragraph 3.16.7), the 178 programming is executed
without error checking.

3.4.3 Class 3 Error

Class 3 error occurs if an empty stored setting is
retreived. The error is displayed and the state of the
178 remains unchanged from the previously executed
program.

3.5 EXECUTING THE PROGRAM

A program or setting can be executed, i.e., trans-
ferred to the waveform circuits, by the execute com-
mands, GET (Group Execute Trigger) command, and
the action keys: CURSOR t and CURSOR .

GPIB 1 and the front panel EXEC key are execute com-
mands that cause parameter value and inter-
parameter tests to be made and transfers the pro-
grammed values to the waveform generation circuits.

GET is a GPIB only command (no front panel key) that
causes the 178 to execute and trigger, but without
time consuming microprocessor error checking (ref:
paragraph 3.16.7).

CURSOR t and CURSOR | are exclusively front panel
functions which perform an execute with error checks
after each digit increment or decrement.

GPIB Z and the front panel RESET are commands
which reset the 178 to the original power up condi-
tions (as described in table 2-3, step 3) and perform an
automatic execute.

An asterisk (*) on the display indicates that the new
parameter value programmed has not been executed
and resides in scratch pad memory oniy (ref: figure
3-2).

3.6 CURSOR

The four cursor keys can modify a parameter value or
code.

NOTE
The modified value is automatically ex-
ecuted.

The — and — cursor keys move the cursor left and
right; cursor position is indicated by a flashing digit on
the display. The t and ! cursor keys increment and
decrement, respectively, the flashing digit. Holding a

cursor key down causes a continued change at a con-
stant rate.

The 1t and ! keys can also increment and decrement
parameter codes, such as function and mode codes.
Cursor positioning (— —) is not necessary for codes
and codes do not flash to indicate cursor position.

When storing a program, press STORE key and then t.
The program will be stored in the next memory loca-
tion in numerical sequence. Keys 1 and | can also be
used to recall stored settings in numerical sequence.

During command recall, cursor — and — keys shift
the display four characters to the left or right, respec-
tively.

Cursors t and | can also be used to recall marker fre-
guency and status.

3.7 TRIGGER MODE AND SLOPE

Triggered and gated modes of the main generator are
initiated either by external or internal triggers. Exter-
nal triggers are: external TTL level signal at front or
rear panel BNCs, manual trigger at MAN TRIG key on
the front panel or GPIB J and H commands. Internal
trigger is the sweep generator; that is, each sweep
generator cycle triggers or gates the main generator.

The sweep generator is triggered by the above named
external triggers only.

NOTE
“External/lnternal’’ trigger mode (GO or 1)
has no effect on sweep generator trigger-
ing. If the sweep generator is in a trigger-
mode, external triggers (TTL level signals
at front or rear panel BNCs, manual trigger
at MAN TRIG key on the front panel or
GPIB J and H programming codes) will
initiate sweep generator output.

Both the main generator and sweep generator can be
triggered by the same source, one may be triggered
and the other not, or the external trigger may trigger
the sweep generator which in turn triggers the main
generator—all depends upon the generator modes
(ref: table 3-4).

G followed by its code selects either internal or exter-
nal trigger (affects main generator only):

GO Selects external trigger.
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Table 3-4. Mode Matrix

\

Haverwave modes

B4, B5 and B6.

/

Refer to these codes in Appendix E for output explanation regardless of waveform (standard or haverwave) and
sweep (linear or log).

“ Trigger mode is applicable to main generator only. Trigger mode does not affect main generator continuous modes.

MAIN SWEEP
GENERATOR GENERATOR
l‘ Linear Sweep (Logarithmic Sweep) ~—
Sweep Off Continuous Trigger Trigger Sweep/ > Log Sweep
Trig Sweep Sweep Trigger Reset gfdsess
Mode SO S1(S4) S2 (S5) S3 (S6) - and S6
Continuous | BO * B0,S0 BO,S1 B0,S2 B0,S3
Ext
™ GO B1,50,GO B1,51,G0 B1,52,GO0 B1,53,G0:
g E | Triggered |B1
s (B4) 'c;‘: B1,S0,G1 B1,51,G1 B1,52,G1 B1,53,G1
5 o Z"J B2,50,GO B2,51,GO B2,52,G0 B2,53,G0
® g Gated B2
5 (85)| B2,50,G1 B2,5i,G1 B2,52,G1 B2,53,G1
58
T Ext
GO B3,50,G0 B3,51,GO0 B3,52,G0 B3,53,G0
Burst B3
P ®o & B3,50,G1 B3,51,G1 B3,52,G1 B3,53,G
i\ _



G1 Selects internal trigger.

J (pressing MAN TRIG) - Start trigger for the main and
sweep generator. In main generator gated mode, the
main generator is gated on.

H (releasing MAN TRIG) - In main generator gated
mode, terminates the output of the main generator
(the last cycle started is always completed).

Q followed by its code selects triggering either on the
rising edge of the trigger signal or the falling edge:

QO Selects triggering on the rising edge (_# ) of the
trigger signal. The main generator gates on at
the high level.

Q1 Selects triggering on the falling edge ( > ) of the
trigger signal. The main generator gates on at
the low level.

3.8 MAIN GENERATOR

The following sections describe the keys and codes
related to main generator operation. This block of
keys are labeled MAIN on the front panel.

3.8.1 Frequency

Selecting F following a value (up to 8 digits) programs
the main generator frequency. The frequency is pro-
grammable in hertz. See table 3-2 for value program-
ming. At any time the frequency may be modified by
the cursor (ref: paragraph 3.6). Upper frequency is
limited by the operating mode and function, as shown
in table 3-5.

Table 3-5. Mode/Function/Frequency

Mode Function Frequency
Cont N, L AM to 50 MHz
A to 500 kHz
1 to 20 kHz
Trigger, N, LA L AM to 200 kHz
Gate,
;E?st I~ t0 20 kHz

3.8.2 Amplitude

V followed by its code selects the unit of measure for
amplitude programming into a 50Q load. (DC offset is
always Vpeak.):

VO Selects volts peak-to-peak into 50Q.
V1 Selects volts rms into 509.
V2 Selects dBm into 5010.

An A followed by a value (up to 3 digits) programs the
amplitude at the function output. Amplitude may be
programmed in volts peak-to-peak from 1 mV to
20 Vp-p specified into a 502 load. See table 3-2 for
value programming, table 3-3 for round off and
paragraph 3.11 for function output and load operation.

Amplitude values may be modified by the cursor (ref:
paragraph 3.6).

AMPLITUDE
CONTROL

OUTPUT
ATTENUATOR }—o0
0-60 dB

OUTPUT
AMPLIFIER

l

OFFSET
CONTROL

1 CYCLE
OF SIGNAL

Figure 3-3. Amplitude and Offset Schematic

The amplitude and offset are not completely indepen-
dent of one another, because they share a common
output amplifier and attenuator (see figure 3-3). In cer-
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tain cases it may be necessary to decrease the
number of digits of resolution of amplitude or offset in
order to prevent clipping in the output amplifier or to
make the programmed value of offset (or amplitude)
appear at the output despite an unfavorable at-
tenuator setting necessitated by a larger value of
amplitude (or offset).

The sum of amplitude and offset control the output
amplifier and attenuator. The output amplifier is
limited to +£10.00 volts peak and a 3 digit input
(X.X X). The attenuator can operate at only x10°,
X10-" X10-2 or X10-3 Figure 3-4 is a guide to
expected resolution.

3.8.3 Offset

D foliowed by a value (up to 3 digits) offsets the func-
tion output from 0 to + 10V specified into a 502 load.
Offset is programmed in volts dc. See table 3-2 for
value programming, table 3-3 for round off and
paragraph 3.11 for function output and load operation.
Offset value may be modified by the cursor (ref:
paragraph 3.6).

NOTE
When offset is used, 3 digit resolution of
offset or amplitude may be reduced in
some cases (ref: paragraph 3.8.2).

3.8.4 Function

C followed by a single digit parameter value selects
function at the FUNCTION OUT BNC. Six function
codes are used.

C0 Selects sine wave. Frequency maximum is
50 MHz in continuous mode and 200 kHz in trig-
ger, gated or burst modes.

C1 Selects triangle wave. Frequency maximum is
500 kHz in continuous mode and 200 kHz in trig-

ger, gated or burst modes.

C2 Selects square wave. Frequency maximum is
50 MHz in continuous mode and 200 kHz in trig-

ger, gate or burst mode.

ac 20 mV

\\\\\\\\\\{\\g\\\\\\\\\\ NI \\\\\\3§ S
€ INTERNAL LOAD o R\

] Preferred for best waveform
<l quality, particularly for high fre-

S

\\\
\\ dc 10 mv ] quency and square wave.
5 —R\ \\\\\
%\§\\\\§\\\\\§ ac 10 mV
1- \%\\\\\\\\\\\k\ dc 5 mV Allowed, but some deteriora-
S §§\\:§>\ tion of signal.
-g 0.5
E 0.1 3((:: E?xlv \\\\ Nonprogrammable conditions.
ool EEmmaaa o AN
NN g
ac 0.1 mV ac 1 mV Ef\\\k\\\\\x de 10mv >
0.1 dc0.05mV Je 25 Y A R R
ol §\§§\\§\§\§\§§\§\%§
At
NN
0.001{ X
0

0.1
AMPLITUDE (Vac)

20

Figure 3-4. Resolution for Combinations of Amplitude and Offset
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C3 Selects ramp. Frequency maximum is 20 kHz in
continuous, trigger, gated burst modes.

C4 Selects dc output voltage. The dc level is set by
programming offset as described in paragraph
3.8.3.

C5 Selects amplitude modulation. When AM s
selected the main out level is reduced to half the
programmed amplitude. An ac voltage
(+2.5 Vp, typical, for 100% modulation; dc to
10 MHz minimum rate) at the AM IN BNC
modulates the function output. When modulation
levels vary between —2.5V and — 7.5V the out-
put level is inverted as shown in figure 3-5.
Figure 3-6 show AM timing relationship.

+25V
0
AM
—-25V
INPUT 25
-5.0V
-7.5V
100% 50% 0% 50% 100%
INVERTED
OouTPUT

Figure 3-5. AM Input Vs Envelope Output

FUNCTION
ouT

S B I
LI

Figure 3-6. AM Timing Relationships.

SYNC
ouT

3.8.5 Modes

B followed by its code (0 through 6) selects the
operating mode. The selected mode is indicated on
the front panel readout when the MODE key is press-
ed. In addition to the main generator mode selection,
output is affected by other variables (ref: table 3-4 and
Appendix E). Many of the modes depend on a trigger.
Refer to paragraph 3.7 for trigger mode and format
selection.

BO Selects continuous operation of the main
generator.

B1 Selects triggered mode. The main generator is
triggered by external signal, internal sweep
signal, manual trigger of GPIB commands. When
triggered, one cycle is generated.

B2 Selects gated mode. The onset of the trigger,
regardless of its source (ref: mode B1), enables
the main generator for the duration of the trigger
signal plus the time required for the completion
of the last cycle started.

B3 Selects burst mode. Burst is the output of a
preprogrammed number of cycles each time the
generator is triggered at a preselected rate.

R followed by its value (1 to 65,536) denotes the
number of cycles in the burst each time it is trig-
gered.

B4 Selects triggered haverwave. For ramp and
square waveforms, triggered haverwave is iden-
tical to mode B1, triggered waveforms. For sine
and triangle, triggered haverwave is one cycle of
the waveform starting and ending at phase angle
—90°. Square wave starts and ends at its
negative peak. |f waveform amplitude is pro-
grammed negative, the waveform starts and
ends at + 90° phase angle. Square wave starts
and ends at its positive peak.

B5 Selects gated haverwave. For ramp and square
waveforms, gated haverwave is identical to
mode B2, gated waveforms. For sine and
triangle waveforms, gated haverwave is one or
more cycles of the selected waveforms starting
at phase angle —90°, if any. If waveform
amplitude is programmed negative, the
waveform starts at +90° phase angle. The
onset of the trigger, regardless of its source (ref:
mode B1), enables the main generator for the
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duration of the trigger signal plus the time re-
quired for the completion of the last cycle
started.

B6 Selects burst haverwave. For ramp and square
waveforms, burst haverwave is identical to
mode B3, burst mode. For sine and triangle,
ourst is the output of a preprogrammed number
of cycles of selected haverwave starting at
phase angle —90°. If waveform amplitude is
programmed negative, the waveform starts at
+90° phase angle.

R followed by its value (1 to 65,536) denotes the
number of cycles in the burst.

3.8.6 Phase

To shift output signal phase relative to some external
signal, the basic 10 MHz reference must be locked to
the reference clock of the external instrument; an ex-
- ternal reference input can be a sine wave or pulse of
a 500 mV to 10 Vp-p amplitude at 1, 2, 3, . . . or
10MHz =5 ppm. A message REFERENCE NOT
LOCKED is displayed if the 178 internal reference and
the external reference source are not synchronized or
if the external reference has high jitter.

The frequencies of the two signals to be phase locked
should be adjusted to be identical or integer muitiples.
The phase angle of these two signals is not defined,
but by programming L(PHASE REF) that phase angle
becomes the reference phase ‘‘zero’ for subsequent
phase changes.

K followed by a value selects the phase shift (relative
to phase ‘'zero’’) measured in degrees. Phase value is
programmable from =+ 1000 revolutions ( + 360,000°)
with 0.01° resolution steps to 500 kHz and 0.1° above
500 kHz. When executed, the phase shifts to the pro-
grammed angle relative to Phase Reference. Phase
Reference may be redefined at any time by program-
ming L (PHASE REF). Phase relationships relative to the
reference generator are shown in figure 3-7.

NOTE
When function is square wave, there may be a
+ 3.6° phase offset error after you have phase
shited the first time. This error is eliminated by
programming L and noting the new phase
reference angle from which to shift. Subsequent
shifts will be to specified accuracy.

An input to MOD IN BNC phase modulates the 178.
A 5 Vp signal deviates the function output approx-
imately 360° when output frequency is > 500 kHz. For
frequencies =500 kHz, phase moduiation is reduced

3-10

by 100 times. Phase modulation is relative to the
reference source and at a deviation rate determined
by ¢Mod frequency (dc to 10 kHz minimum).

REFERENCE
GENERATOR

—-.1

¢ REF (UNDEFINED VALUE,
BUT ESTABLISHED AS ZERO
REFERENCE FOR SUBSE-
QUENT PHASE SHIFT).

_//\_/

¢ SHIFT FROM
¢ REFERENCE

FUNCTION
OUTPUT
(PHASE REF)

FUNCTION
OUTPUT
(PHASE
SHIFT)

Figure 3-7. Phase Shift

Rear Panel REF OUT BNC is a source of 10 MHz,
2 Vp-p sine wave locked to the reference clock.
Source impedance is 509Q.

3.9 SWEEP GENERATOR

An internal generator sweeps the main generator
either linearly or logarithmically from the start fre-
quency to the stop frequency. Two overlapping sweep
ranges are used: the low range 1 gHz to 500 kHz and
the high range 5 kHz to 50 MHz. A class 2 error oc-
curs when start and stop frequencies are not in the
same range.

In addition to sweeping the main generator, when trig-
ger mode is “‘internal’’ and the main generator is in a
trigger or gate mode, the sweep generator triggers
the main generator.

The following sections discuss sweep generator con-
trols and operation.

3.9.1 Start and Stop Frequency

The main generator sweeps from the start frequency
to the stop frequency. For sweep up (increasing fre-
quency) the start frequency is lower than the stop fre-
guency. For sweep down (decreasing frequency), the
start frequency is higher than the stop frequency.

N followed by its value (up to 8 digits or 1 uHz) pro-
grams the start frequency. The start frequency is pro-
grammed in hertz. (See table 3-2 for value program-
ming.)



O followed by its value (up to 8 digits or 1xHz) pro-
grams the stop frequency. The stop frequency is pro-
grammed in hertz.

3.9.2 Sweep Time

T followed by a value selects the time required to
sweep between the start and stop frequencies. The
value is programmed in seconds. (See table 3-2 for
value programming.) Time can be programmed from
10 ms to 600.00s with 10 ms resolution in all sweep
modes except ‘‘sweep off,”” which can be programm-
ed from 10 ps to 600.00s with 10 s resolution.

When sweeping, altering sweep time, sweep fre-
guency or stop frequency causes the generator to
reset to the start frequency.

3.9.3 Sweep Width

Sweep width is the difference between the start and
stop frequencies. Maximum sweep width is limited by
the sweep range, either 5 puHz to 500 kHz or 5 kHz to
50 MHz.

Minimum sweep is dependent on the sweep range
and time. Any start and stop frequencies may be used
provided a minimum separation is maintained:

Low band: 20 mHz per ts of sweep time.
High band: 2 Hz per 1s of sweep time.

Minimum width in logarithmic sweep mode is limited
to the above restrictions and a start/stop frequency
ratio of 2.

3.9.4 Sweep Mode

S followed by its single numeric value selects the
sweep operating mode. The selected mode is in-
dicated on the front panel readout when the MODE
key is pressed. In addition to the sweep generator
mode selection, output mode is affected by other
variables (ref: table 3-4 and Appendix E). Many of the
modes depend on a trigger. Refer to paragraph 3.7 for
trigger mode and format selection.

S0 Selects sweep off mode.

S1 Selects continuous ramp. Normally used with
continuous main generator mode to give con-
tinuous linear sweep. SWEEP OUT is a con-
tinuous 0O to approximately + 5V ramp.

NN
|

} ! |
—=| TIME =

: = l«— 5 ms OR 2% OF TIME

! : WHICHEVER IS GREATER

S§2 Selects triggered linear ramp. For each trigger,
the main generator, in continuous mode, sweeps
once and returns to the start frequency. SWEEP
OUT is one 0O to approximately + 5V ramp star-
ting with the trigger.

S3 Selects triggered linear ramp and triggered
reset. Upon receiving a trigger, the main
generator, in continuous mode, will sweep from
the start frequency to the stop frequency and
hold at the stop frequency. Upon receipt of a se-
cond trigger the main generator returns to the
start frequency. SWEEP OUT is a 0 to approx-
imately + 5V ramp starting with the first trigger
and holding at approximately + 5V until the se-
cond trigger occurs.

S84 Selects continuous logarithmic ramp. Normally
used with continuous main generator mode to
give continuous logarithmic sweep. SWEEP OUT
is a continuously recurring O to approximately
+ 5V linear ramp.

S5 Selects triggered logarithimic.ramp. Logarithmic
version of mode S2.

S6 Selects triggered logarithmic ramp and trig-
gered reset. Logarithmic version of mode §3.

3.9.5 Hold and Resume

XH (Hold) will stop the sweep and hold the main
generator frequency until XJ (Resume) resumes the
sweep. When held, the precise frequency is displayed
as HOLD AT XX.XXXXXX Hz. When resumed, SWEEP
RESUME is displayed.

While the sweep is being held, the FUNCTION OUT
frequency can be modified by the cursor keys. When
RESUME is pressed, the frequency returns to the
“hold” frequency and then sweep continues.
However, the ramp voltage at SWP OUT is not
modified by cursor action even if the frequency during
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hold is. To return the output to the start frequency
rather than completing the sweep from the hold fre-

quency, manual trigger or an external trigger is used.
If the sweep generator is in triggered sweep/reset
mode, two triggers will be necessary to restart the
output at the start frequency.

o m
Ramp vecltage may drift duri

leakage current in t he charglng circuit; even so, the
frequency remains constant. For most applications,
this drift is negligible for holds less than 600 seconds.

3.9.6 Marker, Marker frequency and
Marker Output

The frequencies of 10 markers can be preset but only
one marker can be selected at a time. The marker out-
put is a TTL-level low-to-high transition to indicate that
the frequency has swept through the programmed
marker frequency, as shown in figure 3-8. The marker
output remains low at frequencies less than the
marker frequency and at frequencies greater than the
marker frequency the marker output remains high
regardless of sweep direction.

At power on, all ten markers are preset to 1 kHz. If
new marker frequencies are entered into each marker
location, a reset, either from the keyboard or GPIB
resets only marker #1 to 1 kHz. All other marker fre-
guencies are unaltered. Marker frequencies can also
be stored for convenience (ref: paragraph 3.10.1).

XN followed by a vaiue (1 through 10) selects the
marker number. Only the selected marker's fre-
quency is indicated by the marker output. After a
marker has been selected, the marker's frequency
may be altered by programming XO, and the fre-
quency (up to 8 digits) in hertz. The value replaces the
former value upon the programming of the next alpha
character.

MARKER FREQUENCY

zz¢534°N/\/\/\/\NV\NWVWW|M,

LOWER THAN

MARKER HIGHER THAN
MARKER FREQUENCY MARKER
OUTPUT FREQUENCY

Figure 3-8. Marker Output and Sweep Frequency
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3.10 STORED SETTINGS

Up to 5 different sets of front panel settings can be
stored in and recalled from Random Access Memory
(RAM). Option 001 provides nonvoltile memory for 40
additional stored settings. Option memory is battery
backed up (mternally recharged) for 60 day (minimum)
retention of settings. |V|€mOFy is expandabie 0 240
stored settings.

3.10.1 Storing Program Sets

Program sets may be stored by keyboard or GPIB
command. To store the program set that is in scratch
pad memory (ref: figure 3-2), enter M followed by the
storage location (1 through 5, or if option 001 is instal-
led, 1 through 45). The next alpha programmed is the
terminator, which allows the storage to occur. If a pro-
gram was previously stored in that location, it will be
erased and replaced by the new set. When a program
is stored, the settings are tested for class one errors
in the same manner as with an execute command
(ref: paragraph 3.5). The program is always stored,
whether or not errors were detected. Programs can
be stored without interrupting the output of the 178 if a
terminator other than EXEC (I) is used: this is possible
because it is the scratch pad memory that is stored
rather than the actual settings of the waveform cir-
cuits (ref: figure 3-2). Notice that during 178 operation,
scratch pad memory can be changed and stored
without affecting 178 output.

3.10.2 Recalling Stored Programs

The information stored in a program may be
recovered either from the front panel or by a com-
mand over the GPIB. To recall, program a Y followed
by the number of desired program. When the next
alpha entry is made, the settings stored in the
selected program are transferred to display memory
and the scratch pad memory (ref: figure 3-2). Then
data is available to be sent to the waveform circuitry
of the instrument, or, if desired, it may be examined
and altered by use of the front panel keys.

The identifying numbers of programs in RAM range
from 1 through 5 (1 through 245 for full memory
options). If the number of a program which does not
exist or an illegal identifying number is programmed,
an error will result.

Pressing the cursor 1 key or programming W causes
the program next in sequence after the last program
accessed to be recalled. This provides an automatic
way to recall a sequence of programs. However, the



programs need not be numbered consecutively. If
there is no program following the last program
accessed, an error occurs.

Pressing the cursor | key or programming U is similar
to the cursor 1 or W action previously described,
except that programs are recalled in descending
numeric order.

3.10.3 High Speed Recall of Stored Programs

The Group Execute Trigger (GET) allows a rapid GPIB
recall of stored programs. In the GET mode of opera-
tion, the program is recalled and executed, and the
waveform circuits are triggered, all within 2.5 ms of
receiving the GET command. There are three possible
modes of GET operation (ref: paragraph 3.16.7). There
is no error checking.

3.10.4 Deleting Programs

To delete a program, program the letter M followed by
a minus sign and a number of the program to be
removed. When the number is terminated (by the next
alpha character), the program is removed from
storage; there is no other effect.

3.11 OUTPUTS

3.11.1 Front/Rear Function Output

One function output BNC is located on the front panet
and one on the rear panel. At power up and reset the
signal is from the front panel BNC only, the rear panel
output is safely turned off for ATE applications. After
power is on, programming selects front or rear output.

XP followed by a numerical code selects the front or
rear pane!l BNC:

XP0 Selects front panel output and disconnects the
signal from the rear panel.

XP1 Selects rear panel output and disconnects the
signal from the front panel.

3.11.2 Output On/Off
P foliowed by a code switches the output on or off.

PO Internally disconnects the signal from the
selected function output BNC (as described in
paragraph 3.11.1) making the signal unavailable
at the connector. In PO, the function output
presents a high source impedance at the BNC.

P1 Internally connects the signal to the selected
function output BNC.

P2 Internally disconnects the signal from the
selected function output making the signal
unavailable. The function output source im-
pedance is 50Q.

3.11.3 Sync Outputs

Sync outputs of TTL and TTL square wave are provid-
ed, respectively, at the BNC’s on the front and rear
panels. The sync signal is OV to approximately 3V
(TTL) from a 50Q source. Sync outputs are in phase
with the main generator square wave output only.
Other timing relationships are shown in Appendix D.

3.12 CLEAR ENTRY

The CLEAR ENTRY key erases a parameter value
which is being entered. The key removes the
numeric digits entered after the last parameter letter
entry. (Clearable entries are always prefixed by an
asterisk on the display.) The display is replaced by the
previous value (scratch-pad value) of the, parameter
being programmed.

3.13 RESET

The RESET key returns the 178 waveform parameters
to their power-on condition. The readout becomes
“RESET". Significant parameters values and condi-
tions are given in table 2-3, step 3. In addition, the
reset command resets marker #1 to 1 kHz, but
markers 2 through 10 remain unaltered.

3.14 DISPLAY TEST

The DISPLAY TEST Key lights all 20 sets of character
segments and semicolon as shown in figure 2-4.

3.15 STATUS

Pressing STATUS automatically displays the current
waveform generator status one parameter and value
at a time (ref: Appendix C). When STATUS is pressed a
second fime the cycling immediately stops. The
parameters can then be manually searched by using
the CURSOR (! or t) keys (ref: table 2-3, steps 2
through 7).

3.16 GPIB

Almost all of the information in Section 3 is applicable
to the General Purpose Interface Bus (GPIB) program-
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ming of the 178, but the information in this paragraph
is exclusive to the GPIB.

The GPIB interface is an implementation of IEEE Stan-
dard 488-1978. It supports the following interface
functions: Source Handshake (SH1), Acceptor Hand-
shake (AH1), Talker (T6), Listener (L4), Service Re-
aquest (SR1), Remote Local (RL1), Device Clear (DC1)
and Device Trigger (DT1). The talk capability aliows a
device to send data (such as error message readings)
out over the bus. The listen capability aliows a device
to receive data (such as device programming informa-
tion) from the bus.

3.16.1 Bus Lines Defined

The GPIB consists of 16 signal lines:

DIO1 - DIO8 Data In/Out Lines
ATN Attention

REN Remote Enable
DAV Data Available
NRFD Not Ready For Data
NDAC Not Data Accepted
EOI End Or Identify
SRQ Service Request
IFC Interface Clear

1. DIO1 - DIO8—These eight lines (Data In/Out)
are used to send commands from the controller
and transfer data back and forth between in-
struments and the controller.

2. ATN-—This line (Attention) is operated only by
the controller. It specifies whether the informa-
tion on lines DIO1 - DIO8 is data (ATN false) or a
command (ATN true). Whenever ATN is set true,
no activity is allowed on the bus except for
controller-originated messages; additionally,
every device connected to the bus is required to
receive and process every command sent by the
controller.

3. REN-—This line (Remote Enable) controls
whether devices on the GPIB are in local or
remote modes. In local mode, devices respond
to front panel commands and do not respond to
GPIB originated commands. In remote mode,
the situation is reversed: GPIB originated com-
mands are obeyed, while front panel commands
are ignored. The 178 enters the remote state
when it receives its listen address (ref:
paragraph 3.16.2.1) and REN is enabled. The
178 then stays in the remote mode until the REN

line is put in the local state, a Go To Local (GTL)
command is received or the LOCAL front panel
key is pressed (ref: paragraph 3.16.2.4, item 4).

4. DAV, NRFD, NDAC—These are the ‘‘hand-

shake’ lines (Data Valid, Not Ready For Data
and Not Data Accepted) which regulate the
transmission of infarmation over the lines DIO1
-DIO8. For each command or data byte trans-
ferred, a complete handshake cycle occurs. This
handshake is designed to holdup the bus until
the slowest device has accepted the informa-
tion.

5. EOI—When ATN is false, EOI (End Or Identify)

indicates that the data on lines DIO1 - DIO8 is
the last byte of a data message. When the 178
receives a data byte with EOI true, the 178
automatically supplies a terminator character
(ref: paragraph 3.16.6) following the data byte.
When the 178 transmits the last byte of a
message (which is always a terminator
character), it also sets EOI true.

6. SRQ—This line (Service Request) is used by the

178 and other devices on the bus to signal the
controller that they request attention. (Ref:
paragraph 3.16.5 for 178 Service Request
Enable.) Since the SRQ line is common to all
devices, additional tests must be made to deter-
mine which devices are signaling. The controller
performs a Serial Poll to accomplish this.

7. IFC—This line (Interface Clear) is used by the
controller to reset the interface logic in all
devices connected to the bus to a known initial
state.

3.16.2 Commands

Commands are sent over lines DIO1 - DIO8 with ATN
true. They are divided into five classes.

1. Listen Addresses

2. Talk Addresses

3. Secondary Addresses
4. Universal Commands

DCL—Device Clear
SPE—Seria! Poll Enable
SPD—Serial Poll Disable
LLO—Local Lockout



5. Addressed Commands

GTL—Go To Local
SDC—Selective Device Clear
GET—Group Execute Trigger

These commands and command groups are shown
with their binary codes in Appendix A and further ex-
planation follows.

3.16.2.1 Listen Addresses

Listen addresses are used to command a device to
read any data bytes transmitted over lines DIO1
-DIO8. There are 31 different available addresses
(hexadecimal codes 20 through 3E, ASCII codes SP
through >). A 32nd address, called unlisten (hex-
adecimal 3F, ASCII ?), is used to command all devices
to not read data bytes. The 178 listen address is
selected by the rear panel switches, which specify the
lower 5 bits of the address. (Ref: table 2-2.) Pressing
the front panel ADRS key displays the GPIB address
as a decimal device number followed by the ASCII
character listen and talk addresses.

3.16.2.2 Talk Address

Talk addresses are used to command a device to
transmit data over lines DIO1 - DIO8 whenever ATN is
false. There are 31 different available addresses (hex-
adecimal codes 40 through 5E, ASCIHl codes @
through 1). A 32nd address, called untalk (hex-
adecimal 5F, ASCIl —) is used to command all
devices to cease talking. The lower 5 bits of the 178
talk address are selected by the same rear panel
switches used to select the listen address. Thus, if the
178 listen address is hexadecimal 21 (ASCII !), the
talk address is hexadecimal 41 (ASCII A). Pressing
the front ADRS key displays the GPIB address as a
decima!l device number followed by the ASCII
character listen and talk addresses.

3.16.2.3 Secondary Address

Secondary addresses are used following a talk or
listen address to provide the ability to address more
than the 31 devices provided for by simple talk or
listen addresses. Secondary addresses are ignored
by the 178.

3.16.2.4 Universal Commands

Universal commands are used to command a device
to perform designated actions. Universal commands

are recognized at all times. Universal commands per-
formed by the 178 are:

1. Device Clear (DCL)—Resets the 178 to the
initial power on settings. Refer to table 2-3, step
3 for power on conditions. DCL affects all
devices on the bus. This information is also set
into the waveform generating circuitry.

2. Serial Poll Enable (SPE)—Causes the instru-
ment to engage in a serial poll by responding
with the serial poll status byte when addressed
as a talker. Data line DIO7 will be on, if service is
being reqguested on the SRQ line. When the
status byte is read, it is reset to an ASCI| blank,
and the SRQ line is released (of course, it may
still be held down by other devices). The status
byte is also available by reading the 178 talk
message number 2. When this message is read,
the status byte is reset and SRQ released as for
the serial poll.

3. Serial Poll Disable (SPD)-Discontinues serial
poll. Returns instruments to normal talk modes.

4. Local Lockout (LLO)—Causes the GPIB inter-
face to enter a state where the front panel
LOCAL key is inoperative. Once in this state, the
only way to take the interface out of it is to put
the REN line in the local state (ref: paragraph
3.16.1, item 3). Local lockout must be sent to the
178 to totally disable front panel modification of
the state of the instrument.

3.16.2.5 Addressed Commands

Addressed commands are used to command a device
to perform designated actions. Addressed commands
are recognized only when the instrument is addressed
as a listener. Addressed commands performed by the
178 are:

1. Go To Local (GTL)—Commands 178 to go to
local mode (ref: paragraph 3.16.1 for explana-
tion to the REN line).

2. Selective Device Clear (SDC)—Resets the 178
to initial power on conditions. Refer to paragraph
3.13 for power on conditions. SDC affects only
the selected unit.

3. Group Execute Trigger (GET)—Causes the
actions as specified by the GET mode (XG) code
(refer to paragraph 3.16.7). If the 178 micro-
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proccessor is idle (i.e., not processing a
previously sent programming string), a GET
command will be completed within 2.5 ms of
receipt. Otherwise, it will not be done until cur-
rent programming is processed.

3.16.3 Data Transfer

In aAdAditinn tA nAn P Ty &S _
Haudiuvn W uuucpuny £irogramiming Cnaracliers, ne

178 will transmit status information over the bus.
program the instrument, first send the listen address
(with ATN on), followed by the programming data (in
ASCII, with ATN off). The instrument microprocessor
accepts the data as fast as possible, until either 64
charactes are received or there is a pause during the
transfer of data. At that time, the entire string of
received characters is scanned by the microproces-
sor, which carries out the scan and accepts the next
64 character string. Whenever the microprocessor
finished scanning a string, it puts a display on the
front panel which reflects the state of input process-
ing at that point. If the EOI line is asserted while send-
ing a character to the 178, the currently programmed
terminator character will be put into the input string
following the character with the EOI.

3.16.4 Talker

To read a message from the 178, first send the talk ad-
dress (with ATN on) over the bus. The instrument will
then send the message currently selected by the Talk
Message Select (XT) setting. The last character of the
178’s message will be the currently programmed
terminator character with the EOI line asserted.

0  Sweep Status. When read: 0 - No sweep.
1 - Sweeping.
1 List of programming errors. When read,
message sets to null.
Serial poll byte message.
Value of most recently programmed selector.
Main generator settings.
Sweep generator settings.
Current marker frequency.
Model and software version.

NOOBRWN

3.16.5 Service Request Enable

XQ followed by its code selects the conditions under
which the GPIB SRQ signal will be sent by the 178.
The codes are:

0 SRQ off.

1 SRQ sent if a programming error occurred.

3.16.6 End of String or Terminator Specification

XV followed by its argument designates a new End Of
String (EOS) or terminator character. The argument is
the decimal value of the ASCII character that is to be
the new terminator: an EOS character recognized by
the 178. Any ASCII character except NUL is ac-
cepted.

The terminator character has two uses. During out-
put, it is appended to the end of every response to a
talk request on the GPIB. During input, it signals, the
end of a group of programming characters. Since it is
always recognized, even in a quoted string, it can be
used to insure that the instrument is in a known state,
so that following programming characters will be in-
terpeted correctly.

At power on time, the EOS character is the line feed
control character, ASCII character LF (1010). When
the 178 issues a talk message, the EOS character is
the last byte sent. In addition, the End Or Identify
(EOI) line is pullsed low (END message) during the
EOS character transmission. If the GPIB controller
does not look for the END message (EOI line low), and
it does not recognize the Line Feed (LF) as a string ter-
minator, a new EOS character will be needed. For ex-
ample, to change the EOS character from an LF to a
Carriage Return (CR), program XV13.

3.16.7 GET Mode

XG followed by its code selects what actions occur
when a Group Execute Trigger (GET) command is sent
to the 178. The code may be 0, 1 or —1.

0 Upon receipt of GET, the programmed waveform
values in the scratch pad memory are trans-
ferred to the waveform generator circuits, and
then the microprocessor sends a trigger pulse if
the mode is not continuous. This is the same se-
quence of events that would occur if an execute,
then a trigger action (IJ) were programmed, ex-
cept that no error checking is done.

NOTE
Codes 1 and — 1 are applicable for Option
001 (stored settings 6 through 245) only.

1 Upon receipt of GET, the stored setting next in
sequence after the last stored setting accessed
is recalled if it exists. This is the same sequence
of events that would occur if an execute, then a
trigger action were programmed (WIJ) except
no error checking is done.



-1 Upon receipt of GET, the stored setting previous
in sequence before the last stored setting ac-
cessed is recalled if it exists. Then the actions
described for code 0 are performed. This is the
same sequence of events that would occur if a
previous setting, an execute and a trigger action
(ULJ) were programmed, except that no error
checking is done.

3.16.8 Local

The front panel LOCAL key switches the GPIB inter-
face to the local mode if it is not locked out (ref:
paragraph 3.16.2.4, item 4).

3.16.9 Display

The single quote character (') is used to program a
string of characters to be displayed on the front panel
display. Program a single quote, the characters to be
displayed, followed either by another single quote or
by the terminator character. When the second quote
or the terminator is programmed, the first 20
characters programmed after the first quote are
displayed on the front panel. If fewer than 20
characters are programmed, then blanks are added to
fill the display.

Examples ( A indicates a blank character)

Three programmed inputs

‘20,CHARACTER,LIMIT’
2. “THIS,STRING,ISATOOALONG JO,DISPLAY,ENTIRELY’

—

(no characters in string)

The Resulting Displays

20,CHARACTER,LIMIT, 5
THIS,STRING,IS,TOO.L
(blank display)

wn =

3.17 PULSE OPERATION

Model 178 is capable of continuous pulse operation at
frequencies up to 100 kHz. In this mode, the sweep
generator internally triggers the main generator. Pulse
period is set by programming sweep time to any value
between 10 us and 600 sec, with 4 digit or 10 us resolu-
tion (whichever is less). Pulse width equals 1/2f, where
f equals the frequency of the main generator from 5
us to 500,000 sec, with 8 digit resolution. For pulse
operation, set up the Model 178 as follows:

Function: Square Wave
Main Mode: Triggered
Sweep Mode: Off

Ext/Int Trigger: Internal

Sweep Time: Pulse Period

Frequency: Reciprocal of two times the
pulse width

Amplitude: Peak-to-peak pulse amplitude

Offset: As required to set pulse baseline
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Figure 4-1. Overall Block Diagram

4-0



41 INTRODUCTION

Figure 4-1 is the overall functional block diagram. The
following paragraphs describe the blocks of the
diagram, the overall operation and the functional rela-
tionships. Each section will be described in greater
detail in subsequent paragraphs.

4.2 GENERAL DESCRIPTION

Model 178 can be divided into four general function
groups. These are digital control, high frequency
generator, low frequency generator, and output func-
tions. ,

421 Digital Control

Two microprocessors control all Model 178 functions.
The input/output microprocessor processes external
commands from the GPIB and keyboard, detects
class 1 errors, provides the scratch pad, five stored
settings and beeper, and sends processed input com-
mands to the main microprocessor. This IO
microprocessor also receives data from the main
microprocessor and controls the front panel display.

The main microprocessor controls instrument func-
tions, detects class 2 errors, calculates data for log
sweep, lin sweep, and phase shift. This main pro-
cessor also controls the optional 40 stored settings.

The microprocessors communicate on two optically
isolated buses. Data is serially transferred between
the two microprocessors and free of system grounds
because of optical isolation. The main
microprocessor communicates with instrument func-
tions by an eight-line parallel bus.

The digital sweep generator is basically an ALU
(arithmetic logic unit). The sweep adds numbers to the
frequency synthesizer (in a divide-by-N of a phase
lock loop) to generate an 11 decade sweep up or
down. This digital sweep circuitry also controls the 10
sweep markers, is used with the microprocessor to

SECTION 4

CIRCUIT DESCRIPTION

control log sweep, and sends information to the ramp
generator which produces the sweep out signal.

4.2.2 High Frequency Generator

The second major group of functions, the high fre-
quency generator, consists of a phase lock loop with
14 digits of resolution, frequency reference, mixer and
pass band amplifiers. The PLL output and reference
signal are combined in a high frequency mixer to pro-
duce a difference frequency of 100 pHz to 50 MHz.
The mixer output signal is amplified by two pass band
amplifiers. The high pass amplifier is used for the high
frequency output and the low pass amplifier is used
for the square wave of the low frequency output. To
convert the sine outputs of both pass band amplifiers
into a square, a zero crossing detector is used.

4.2.3 Low Frequency Generator

The low frequency generator incorporates three syn-
chronized divide by 100 counters. The synchroniza-
tion of the counters insures that the sync output will
correspond to the zero phase of the selected
waveform. Two of the counters divide the synthesizer
and reference signal before mixing the signals in a
low frequency mixer. The low frequency output is
used as a sine wave output (1 gHz to 500 kHz). The
third divide by 100 counter is used to scale the low
frequency square from the zero crossing detector to
the same frequency range as the Jow frequency sine.

The two output bands of frequencies are available to
the output, one directly from the frequency syn-
thesizer and one from the low frequency generator.
The . microprocessor switches from low frequency
generator to high frequency when a frequency is
setected from 501 kHz and above.

In sweep mode the wide pass band of the high pass
amplifier (5 kHz to 50 MHz) is used to obtain the 11
decade sweep.
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Associated with the low frequency generator is the trig-
ger controllogic. This circuitry allows the iow frequency
generator to be triggered.

4.2.4 Output

The output circuit contains bandpass switches,
waveform selection circuitry preamp, attenuators and

nwar amnlifior Th H i
power amplifier. The main microprocesser contrels all

these functions to give the correct signal with optimized
waveform quality at the programmed value and dc offset.

NOTE

Detailed analysis will begin with the fre-
quency synthesizer section, the high and low
frequency generator section, the output cir-
cuitsand, finally, the microprocessor section.
Schematics, component location drawings
and parts lists are in section 7.

4.3 FREQUENCY REFERENCE AND SYNTHESIZER
LooP

Figure 4-2 shows an expanded block diagram of the fre-
guency reference and frequency synthesizer of the high
frequency generator. The purpose of these functions is
to 1) supply all internal reference signals and 2) supply
a phase locked loop output signal with 14 digits of
resolution.

4.3.1 Frequency Reference

The reference generator is shown in two parts, the
frequency reference, and the reference phase lock
loop. Refer to figure 4-2 and the Reference Board
schematic while reading this discussion.

The heart of the frequency reference generator is the
10 MHz crystal oscillator Y1 and Q1 (sheet 1). The high
impedance output of this oscillator drives buffer Q2
which feeds Nor gate U9-5. The output at U9-10 is fed
to the 10 MHz REF QUT BNC and through dividers U8,
U6, and buffer Q3to generate the 500 kHz reference for
the phase lock loop.

A 10 MHz signal from the oscillator is also fed through
U9-1 to produce the 100 MHz signal required for the high
and low mixers. The square pulses of U9-1 are turned
into positive spikes via C34 and CR12. These spikes drive
the tuned tank of Q4’s gate. Q4's output is capacitor
coupledtoL4,C45,and C46, whichis tuned to resonate
at the fifth harmonic. The tank’s output is fed to U4 where
the sine is convertedintoan ECL signal richinharmonic
content. The second harmonic, 100 MHz, is passed
through the L network C52 and L2 for high pass filtering
andintotank circuit L5, C53, and C54. ECL output of the
100 MHz signal is buffered via Q6 and associated
circuitry
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The reference phase lock loop provides internal or
external synchronization of the Y1/Q1 oscillator. A
temperature compensated, 10 MHz crystal oscillator (Y2
on sheet 2), internally synchronizes the Y1 oscillator,
thereby providing greater frequency stability. If Option
002isinstalled, the Y2 oscillator is replaced with aneven
more stable oscillator. If a 1 to 10 MHz (at 1 MHz
multinles) sine or pulse signal of 0.5t0 10Vp-pisinjected
at the rear panel *‘REF IN"’ connector, it automatically
replaces the signal from Y2.

External input signals are shaped and amplitude limited
by CR10 and CR11, then fed to zero crossing detector
U5, which converts the input signal to a TTL level. The
combination of U1 and U6 make up a 930ns one-shot
that samples the signal at a 1 MHz rate. Since the
sampling rate is somewhat fixed, the system will not lock
to the input signal unless it is within = 5 ppm of a multi-
ple of 1 MHz. With the proper input signal present, the
one-shot generatesa 1 MHz pulse at U6-5(driving U11-9
on sheet 2), and brings U1-13 high. Inverter U7 forces
E12 (and therefore U11-2 and 12 on sheet 2) low. The
1 MHz signal at U10-9 (originating from TCXO, Y2) is
blocked because U11-3 is forced high. With a low at
U11-11,thesignal fromE14istwice inverted, firstat pin
8.then againat pin 6, where it becomes the phase detec-
tor reference input (U2-3 sheet 1).

If no signal is present at the “REF IN” connector, U1-13
is low and U7-8 (E12 on sheet 1 and E15 on sheet 2) is
high. U11-11 (sheet 2) is low, causing U11-8to be high,
blocking any signal that may be presentat E14. The 10
MHz crystal oscillator output from Y2-8 is divided by
U10, then inverted at U11-3 and 6.

This signal (originating either internally or externally) is
input to U2-3 (sheet 1) and is compared with a second
1 MHz signal at U2-1. This second signal comes from
the reference oscillator, Y1/Q1, after being divided by
U8, and buffered by U7 pins 3, 4 and 13. Frequency
adjustment is then made as in any phase lock loop.

The phase comparator converts a phase difference of
the two inputs into two spikes. To help reduce noise, the
4044's internal charge pump is not used. Instead a
charge pump of CR1, CR2, CR3 and CR4 receives the
two spikes from pins 13 and 2 to generate a positive or
negative current input to U3 pin 2. The active low pass
filter then produces the needed dc level to control the
capacitance of varactor CR7 which adjusts the fre-
guency and phase of the crystal.

If the reference is too far away from a 1 MHz multiple,
no reference will be felt at U2 pin 3. U1 with input pins
9 and 10 monitors U2's output. With no reference, Ut
pin 5 goes high. This high is felt via E2 to the micro-
processor, which will display “REFERENCE NOT
LOCKED".
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43.2 Frequency Synthesizer Loop

As shown on figure 4-2, the frequency synthesizer
loop consists of three major blocks (phase lock fre-
quency generator, programmable divide-by-N
counter, variable pulse delay) plus the phase ac-
cumulator, The phase lock frequency generator block
is standard configuration with its phase detector, ac-
tive low pass filter, and VCO. However, the divide-by-
N in the PLL feedback is unique. The purpose of the
divide-by-N block, variable pulse delay block, and
phase accumulator is to produce a synthesized fre-
quency of 14 digits. Discussion will begin with the
basic loop and then develop the theory of the high
resolution divide-by-N circuitry.

4.3.2.1 Phase Lock Frequency Generator

Refer to the Frequency Board schematic sheet 5 and
figure 4-2 while reading this discussion. The phase
detector, U109, is an ECL integrated chip with much
faster switching speed and much less noise than the
MC4044 as used in the external reference phase lock
loop. This integrated circuit receives a 500 kHz signal
from the reference board and a 500 kHz signal from the
pulse delay circuitry. CR15, CR16, CR17, and CR18
change the spiking output of U109 into a positive or
negative current which feeds the active low pass filters
(U111 pin 2).

The low pass filter produces a DC voltage that is fed
to U103 for coarse VCO tuning and U114 for fine tun-
ing of the VCO.

Now refer to the VCO Board schematic. The VCO
(voltage controlled oscillator is a quarter wave trans-
mission line type. The quarter wave network is used as
areactance transformer which converts the capacitive
reactance of the varactor diodes to a high Q inductive
reactance. For the band width of approximately 100 to
150 MHz, this circuit acts like a tank circuit with a very
high Q and low spurious noise. Q1 is a linear amplifier
whose function is to furnish replenishing energy to the
oscillator. Output to buffering transistor Q2 is accom-
plished by coupling from Q1's drain via C10 and send-
ing through low pass pi filter (C12, C13, and L4). The
outputis then fed to the divide-by-2, divide-by-N and to
the high frequency mixer.
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4.3.2.2 Divide-by-N Theory

Unlike the conventional phase lock loop, this divide-
by-N counter divides by 3 digits plus an 11-digit frac-
tion. This gives the VCO frequency 14 digits of resolu-
tion. The excessive spurious frequencies involved are
eliminated by a pulse delay circuit.

A typical PLL will have a relationship of reference fre-
quency equals the VCO divided by prescaler divided
by the number N. For example, if a VCO frequency of
25 MHz is assumed and a 500 kHz reference is
assumed, then N will equal 25 and the prescaler must
equal 2 to give the proper reference,

25MHz = 500 kHz
25 (2)

The same relationship exists for the 178 PLL except N
includes a fractional part (N becomes N.F). Hence, for
a VCO frequency of 120.14956 MHz, and an assumed
500 kHz reference, then N.F equals 120.14956 (a
whole number plus a fraction), and the prescaler must
equal 2 to give the proper reference.

120.14956 MHz = 500 kHz
120.14954(2)

or,
fvco = Reference
{N.F }Prescaler)

The means for obtaining a divide by N.F where F is a
fractional part can be accomplished by averaging two
whole numbers. The question arises then, for exam-
ple, how would one average two nimbers such as 130
and 131 to obtain 130.25? Expressed in mathematical
terms:

130.25 = 3(130) + 1(131)
(3+1)

Where 3 is the number of 130’s that must be added to
one 131 to obtain an average of 130.25.

The 178 PLL circuit includes a phase accumulator
whose purpose is to cause the programable divide-by-
N.F of the PLL to divide by N (a whole number) and at
the correct moment divide by N +1. The phase ac-
cumulator also causes the pulse delay to average the
two different divisors so that an average divide by N.F
(a whole number plus a fraction) will produce 500 kHz,
which is equal to the 500 kHz of the reference fre-
quency at the PLL phase detector.

For example, refer to figure 4-3. Assume the VCO fre-
guency to be 130.25 MHz. The reference is 500 kHz
and the prescaler is divide-by-2. This results in a fre-
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Figure 4-3. PLL with + N and =~ (N + 1)

qguency of 65.125 MHz coming from the prescaler and
going into the divide by N counter. N=130 and
N +1=131. Keep in mind that it is the divisors (N and
N + 1) that will be averaged to produce the = 130.25
divisor required to feed the 500 kHz to the phase
detector.

The 65.125 MHz from the prescaler divided by
130 =500.96 kHz or a single pulse period of 1.996 us.
To obtain the desired 130.25 divisor, only 3 pulse
periods are needed at this frequency. The fourth puise
period needs to be 2.012 us: 3(1.996 us pulse periods)
plus 1 (2.012 us pulse period) gives an average of four
2 us pulse periods giving the required 500 kHz fre-
qguency rate. Conveniently, a 2.012 us pulse period is
a single pulse period of 65.125 MHz divided by 131.
This technique of division gives a jittery output as the
frequency is divided by N of the pulse for three cycles
and then divided by N+ 1 for one cycle. Thus, a
smoothing or averaging of the pulse periods is needed.

Now refer to both figure 4-3 and 4-4. Assume the phase
register is at 0.2500 for the first 1.99 us pulse period. The

first pulse from the + N is fed to two places. The pulse’s
positive leading edge causes a ramp in the pulse delay
to charge. Since the output of the phase register is fed
into the DAC of the pulse delay. the charging ramp cur-
rent will be greater than the previous pulse period. This
higher peak triangle (ramp or pulse delay) causes a
0.004 us delay on the trailing edge of the pulse delay cir-
cuit. The trailing edge to the edge triggered phase detec-
tor makes the detector see a 2 us pulse period or a 500
kHz frequency rate.

The first pulse is also fed to the phase register. Here the
trailing edge of the first 1.996 us pulse causes the phase
register with 0.2500 of the phase register’s output. A new
number, 0.5000 is now stored in the phase register.

For pulse period 2, the ramp charges higher than pulse
period 1 because the DAC has a larger number controll-
ing its current output. This larger ramp results in an
0.008 us delay. Hence the second compensated pulse
period = 2 us also. :

The trailing edge of pufse period 2 again causes the out-
put of the phase register to be added with the 0.2500 of
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the frequency register for a new phase register number
of 0.7500.

Pulse period 3 is excactly the same as the previous 2
pulse periods except pulse period 3 delays the pulse by
0.012 ps and the trailing edge causes the phase register
to add up to 1. Whenever the phase register goes to 1 or
greater, the one is carried to the divide-by-N. The pro-
grammable divide-by-N then divide divides by N + 1. Any
remainder stays within the phase register for addition on
the next new cycle. Thus, with the divide by N + 1, pulse
period 4 becomes 2.012 s long, the 0.0000 remains in
the phase register, and a new 8.000 ps cycle pulse
period averaging begins.

There are three important facts about the example
presented. First, the positive part of the pulse is always
the same width for both the N and N + 1 pulse period
length. That is, if the positive pulse of 1.996 us pulse is
50% duty cycle or 0.998 us in width, the positive pulse
for the 2.012 us pulse will also be 0.998 ps in width or
49.6% of the duty cycle.

Second, figure 4-4 as drawn is very exaggerated. Ona
scope one would observe a trailing edge of constant
duration and height that appears constant. The leading
edge, however, would be blurred.

Third, for a complex number such as 20.138468 would
yield a divide by N to divide by N+1 ratio of about
6.1701035 pulse periods to 1. Hence 10,000,000 pulse
periods may need to pass before the cycle wil repeat (if
ever). The fractional remainder in the phase register of
each carry over will vary tremendously with a number
requiring that many pulse periods.

4.3.2.3 Divide-by-N Description

Now refer to the Frequency Board schematic sheet 5
and figure 4-2. U94 is the divide-by-2 prescaler. The
output pin 3 will always be from 50 to 75 MHz. U95 and
U96 make up the programmable divide-by-N and N +
1. The outputs of each chip are tied together into awired
OR function . The overflow from the phase accumulator
is fed into the OVERFLOW line to CR21 and U97 which
causes the counter to add 1 to the divide-by-N at the
appropriate moments.

The jittering 500 kHz output of the programmable
divide-by-N flows from U94-14 to U98-5, 6, 11, 12. The
positive pulse is made into a precise width by running
the pulse through U98. U98 functions as a one-shot.

U98 takes the positive edge of a 500 kHz pulse and
holds the pulse for only 16 counts of prescaled N.F
VCO frequency rate. This prescaled N.F VCO fre-
quency is fed into U98-13.

The resulting pulse output is fed to USS. From here the
“pulse delay inputs’ are fed to the bases of Q24 and Q25
on page 7-24. Q25's collector output is coupled to the
base of Q27. Q27's output controls the bridge diodes
CR28, CR29, CR30 and CR31 which serve as an
integrator.

Current sources for the integrator come from U104
and associated circuitry and U106 with associated
circuitry. The gain of the reset current (U104 and cir-
cuitry) is controlled by DAC U102. The charge current
is controlled by DAC U101. DAC U100 controls the
high frequency spur compensation (U105) which in-
creases the charging current as the frequency
reaches the upper range.

The resulting dual sloped ramp of the charging and
reset current with bridge diodes and C105. is
amplified via U112, Q20 through Q23 and Q26. From
here the ramp is converted into a pulse via the level
detector U113. As discussed earlier, the trailing edge of
the average pulse is then fed to comparator U109 on
sheet 5.

Action of the phase accumulator will be described in
the digital ramp generator section.

4.4 MIXING SYSTEMS AND SQUARE/SYNC
CIRCUITS

There are two frequency mixers, a high and low mixer
(figure 4-1). Associated with the high frequency mixer
is the sine wave microprocessor controlled band
width of 500 kHz to 50 MHz, and the entire square
wave band width. The low frequency mixer produces
the sine and triangle microprocessor controlled band-
widths of 1xHz to 500 kHz, and, in addition, provides
for syhthesized triggering.

Discussion will begin with the high frequency mixer,
progress to the square/sync generator and then the
low frequency generator which includes the low fre-
quency mixer and the low frequency square output of
the high frequency mixer.

4.4.1 High Frequency Mixer

Refer to figure 4-5 and the Frequency Board schematic
sheet 7. The purpose of the high frequency mixer is to
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heterodyne the 100 MHz reference and the synthesizer
VCO frequency of 100 to 150 MHz. The difference
frequency of 100uHz to 50 MHz is routed to high pass
and low passband ampilifier circuits.

Tracing from the 100 MHz reference, the 100 MHz

signal is fed into amplifier U115-5. Here the reference
is converted to an ECL square wave whose output
drives the differential current switch of Q32 and Q33.
Current for the switch is supplied by a constant cur-
rent source Q30 and Q31. U116 and CR33 control
Q30 and Q31 for temperature compensation.

The switching action of Q32 and Q33 amplifies the
ECL signal from U115. The signal is then passed on to
the 100 MHz filter L1-L3 and C124-C127 to obtain a
very pure sine wave. The sine wave is applied to pin 1
of mixer Z1 through a 15dB attenuator consisting of
R273, R279, and R280. The 15dB attenuator insures
mixer Z1 will operate within its most linear range.

The VCO frequency, 100 to 150 MHz, is fed into the
mixer via a 6dB attenuator to insure the best possible
output for mixer Z1. The VCO attenuator consists of
T1, R263-R265.

The mixer’s output signal of 100uHz to 50 MHz is sent
through a high frequency and a low frequency path.
The high frequency path is through a 6dB attenuator
R284-R286 and the 60 MHz low pass pi filter networks
consisting of L4-L6 and C135-138. The three stage ac
amplifier Q34-Q36 and Q39-Q41, amplifies a pass
band of 5 kHz to 50 MHz by 32 dB. At the output of this
high frequency amplifier, the sine wave goes to the
function output selector via relay K1 for 500 kHz and
up and to the zero crossing detector for square con-
version.

The low frequency path from mixer Z1 is through
R295, R299, and filter capacitors C146 and C193.
After the signal of 100 uHz to 10 kHz is amplified by
U117, the signal is directed to the zero crossing
detector for square conversion.

442 Square and Sync Generator

Since the high frequency mixer produces a full fre-
quency range of sine wave, the purpose of the zero
crossing detector is to convert the sine into a full fre-
quency range of square. The detector aiso syn-
chronizes the upper frequency band of sine wave with
the square and TTL out, while the low frequency

generator synchronizes the low band of square and
TTL.

The differential pair Q37 and Q38 are called a zero
crossing detector because the two levels of square
are only produced when a sine wave input crosses a
0 Vdc detector level.

For example, if a sine wave 500 kHz to 50 MHz is
selected, relay K1 will be on and the sine wave will be
connected to the output circuitry. Q37 will be a zero
volit reference to Q38 because the low pass amplifier
of 100uHz to 10 kHz will be out of range. When a pass
band is out of range, it acts essentially as OV
reference to one of the transistors in the differential
pair. Thus with a 0V reference on Q37, Q38 will pro-
duce an ECL square which will be fed to pin 9 of U37.
From U37-2, the signal is fed to U36 (Frequency Board
schematic sheet 2). U36 is a buffer and microprocessor
controlied switch that selects either the divide-by-100
square of the low frequency generator or the high
frequency square. In this example, U36 will send a
square signal that will eventually become the
squarewave and TTL sine signal which will be syn-
chronous to the sine wave out.

For a signal below 500 kHz, either Q38 or Q37 will be
a zero reference depending on which pass band
amplifier is out of range. The resulting square wave of
Q38, Q37 and U37 will be fed from U37 pins 5and 7 to
another line buffer of U37 which feeds Q28 and Q29.
The purpose of Q28 and Q29 is to translate an ECL
level signal of 100 pHz-to-50 MHz into a TTL level. The
TTL signal from the collector of Q29 is fed to one
divide-by-100 counter of the low frequency generator.
This signal is synchronized with the other two divide-
by-100 counters of the low frequency generator to in-
sure the low frequency sine will be synchronized with
the square before the square is fed on to become a
TTL out and square out.

Further discussion of U36 and square shaping output
signals will be made after discussion of the low fre-
quency generator.

4.5 LOW FREQUENCY GENERATOR

The purpose of the low frequency generator (figure
4-1)is to produce the low band of frequencies 1 pHz to
500 kHz for sine and square. To accomplish this, the
low frequency generator uses the square signal from
the high frequency mixer plus utliizes the low fre-
quency mixer to generate the required sine band
width. Production of the sine and square in this man-
ner requires some digital circuitry to insure syn-
chronization of the waveforms.
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In addition to these characteristics the low frequency
generator can be triggered internally or externally for
single or gated waveforms.

Now refer to figure 4-6. The low frequency generator
discussion will first develop the three synchronized
divide-by-100 counters the triggered baseline, a low
frequency mixer, and finally the trigger input and con-

trol section.
4.5.1 Three Divide-by-100 Counters

One divide-by-100 counter divides the 100 pHz to 50
MHz square from the high frequency mixer. The other
two divide-by-100 counters are used to divide the 100
MHz reference and the 100 to 150 MHz VCO fre-
quency for the low frequency mixer. These two
counters also synchronize the square divide-by-100
counter so that the low frequency square and sine will
be in phase.

Beginning with the 100uHz to 50 MHz square signal
counter, the signal from the collector of Q29 (Frequency
Board schematic sheet 7) isapplied to U27-12 onsheet
1 coordinates A7. From here the signal is divided by 5
via U27, U21, and U20, divided by 10 via U23, and
divided by 2 via U11. Nand gates U19 switch the
divide-by-2 counter out of the circuit whenever ramp is
selected. Hence the counter becomes a divide-by-50
forramp only. The output of U19is fed tc high/low band
switch U27 and to a counter of the trigger control
circuits.

Now refer to the Frequency Board schematic sheet 2
and figure 4-6. Both divide-by-100 counters for the low
frequency mixer are grouped into divide-by-5, divide-
by-5 and divide-by-4 circuits. The variable counter
inputs are controlled by trigger switch U28, U31 and
U32, which will be discussed in the trigger input and
control logic.

The 100 MHz reference is divided by 5 via U29 and U30,
divided by 5 via U25 and U24 and translated from ECL
to TTL at U118 pin 2. The 4 MHz TTL is sent to U1 via
buffer U18 on Frequency Board schematic sheet 1,
coordinates C7. Here the signal is divided by 4. The
resulting 1 MHz signal is sent through the trigger
baseline selection U18-2 (coordinates A2) to the low
frequency mixer. The 1 MHz reference is also sent to the
digital mixer U11-14 for counter synchronization.

The path of the 100 to 150 MHz VCO (Frequency Board
schematic sheet 2) is through a divide-by-5 via U32
and U33, divide-by-5 via U26 and U24, and through
U118 to translate the ECL level into a TTL level. From
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U118 pin 2, the signal is sent to U3 on the Frequency
Board schematic sheet 1. U3 is a divide-by-4 with four
different phase outputs of 0°, 90°, 180°, 270°. The
different phases are used for triggering purposes.
Outputs from U3 are fed through the trigger baseline
selector U4 tothe low frequency generator. U3-9 output
alsofeedstoU11-12, the clockinputto the digital mixer.

4.5.2 Synchronization of the Low Frequency
Sine and Square Counters

Sincé the same 1 MHz reference and 1 to 1.5 MHz
VCO signals are sent to both the low frequency mixer
and digital mixer, outputs from both mixers will be in

_ phase. By using the output-of the digital mixer to sync

the low frequency square, the square wave will be
clean plus the waveforms will be synchronized.

The output from the digital mixer U11 is produced by
using the trailing edge of the 1 to 1.5 MHz clock pulse
at U11-12 to sample a 1 MHz pulse width into U11-14.
This technique produces a clock pulse output at
U11-10 equal to the difference frequency.

The difference frequency from U11-10 is one of three
signals used to monitor the sync relationship between
the low frequency mixer and the divide-by-100 of the
square. Tracing the ouput of the digital mixer U11-10,
the signal flows through U12 pins 8, 10, 3, 2, 6, 5, 1
and 4 to Nand gates U13 pins 9 and 5.

The other two signals for monitoring the sync come
from the divide-by-100 counter of the square. One
signal comes from the output of U11-7 to one-shot U10
and U13. The one-shot is used to limit the negative pulse
width, which is fed to U13-11 and 4.

The third signal comes from the divide-by-5, divide-by-10,
and the divide-by-2 that make up the divide-by-100
counter. These inputs are fed to U22-1,2,4,5. From U22
a signal is sent to U20 and then to U13 pins 10 and 3.

The three paths feeding U13-11, 10, 9, 3, 4, and 5 will
cause U13 pins 6 and 8 to go low if the mixer fre-
quency is not within 1us of the sync or if the proper
comparisons are not made on count 0 and 99 of the
low frequency square. If U13 pins 8 and 6 are forced
to go low, the divide-by-100 counter will be reset to
start the count in phase with the digital mixer output. If
the counter is synchronized, U13 pins 8 and 6 will re-
main disabled from the circuit. (Ref: figure 4-7.)
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Figure 4-6. Low Frequency Generator Block Diagram



TEST CONDITIONS: RESET PROGRAM MODE (MAIN) TO GATED, FREQUENCY TO 100 kHz AND SUPPLY 15 kHz TO TRIG IN.

uis-8 4 MHz TTL
U101 1 MHz TTL
U10-13 1 MHz TTL
U11-10 High TTL
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FUNCTION OUT AJ,/\' YAVAY
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Figure 4-7. Square Wave Sync Logic (Ref: Frequency Board Schematic Sheet 1)
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45.3 Trigger Base Line Selection

The trigger base line selection is used in trigger and
gated modes. Since the 1 MHz reference and the 1 to
1.5 MHz VCO must pass through the baseline selec-
tion before being mixed in the low frequency mixer, a
brief description is given here and greater develop-
ment given in the trigger section.

The trigger baseline selection block (figure 4-6 and
Frequency Board schematic sheet 1) has two func-
tions: first, to set the baseline in triggered modes, and
second, to selectthe symmetrywhenarampis selected.

The 1 MHz reference square wave from U1 is applied
to the square wave delay U18, U35, and U34. U35is a
one-shot whose pulse width is varied to compensate
for fixed delays in the low frequency generator. U35
feeds U34 whose output pulse drives the squaring cir-
cuit of the frequency mixer section.

The 1 to 1.5 MHz VCO from counter U3-5, 6, 8, 9 has
four different phases of output. These phases are fed
into the phase selection switch U4. U4 is controlied by
the data latch U5, which decodes the microprocessor
data. Thus, output from U4-5 will be one of the four
phases sent to U4, which will determine the trigger
baseline in the trigger modes or the symmetry when a
ramp is selected. Output of U4-5 is fed to CR3 on the
QOutput/Power Supply schematic sheet 1.

4.5.4 Low Frequency Mixer

The low frequency mixer heterodynes the 1 MHz
reference and the 1 to 1.5 MHz variable frequencies
to produce the 1 pxHz to 500 kHz ouput frequencies.
Refer to the Output/Power Supply schematic sheet 1
and figure 4-6. The low frequency mixer block receives
two inputs: the 1 MHz reference square wave from the
square wave delay circuit and the 1o 1.5 MHz square
wave from the four phase selection switch.

The 1 MHz reference from the square wave (of the
Frequency Board schematic sheet 1) delay circuit
drives a squaring circuit Q1 and Q2 that sets the
amplitude limits. Q52 is part of a temperature com-
pensation circuit to maintain the amplitude stability
relative to temperature.

A band pass filter L1-L3 and C5-C13 receives an input
from the squaring circuit and filters the square wave
into a sine wave. The filter output drives the differen-
tial amplifier U1, whose two outputs are 180° out of
phase. Each output from U1 is buffered by U2 and U3
before driving the low frequency mixer Q5 and Q6.

The four-phase selector (U4-5 from the Frequency
Board schematic sheet 1) drives the differential stage
Q3 and Q4 on the Output/Power Supply schematic
sheet 1. The output of Q3 and Q4 is used to switch the
low frequency mixer (Q5 and Q6) between the normal
0° phase and inverted 180° reference signal at the rate
of the divided VCO frequency. The mixer products are
filtered by a 600 kHz low pass filter leaving the differ-
ence signal (the VCO frequency minus reference fre-
quency). The signalis buffered by U5 and Q8. From Q8
the 0 to 500 kHz sine is sent to relays which switch the
signal in or out of the output circuits.

If a ramp is programmed, more filtering is required. A
RAMP 1 line enables the transistor switch Q7, adding
an additional filter capacitor C26.

4.5.5 Ramp Waveform

The ramp waveform is a product of the low frequency
generator (ref: figure 4-6, the Frequency Board sche-
matic sheets 1 and 2, and the Output/Power Supply
schematic sheet 1). A positive ramp is generated by
using the portion of the sine wave between the negative
and positive peaks. At the positive peak the balanced
mixer switches to the inverted sine wave and again the
output is from the negative to the positive peak. For a
negative ramp, the balanced mixer is enabled between
the positive peaks. The “ramp” sine wave is routed
through the triangle converter (ref: paragraph 4.7.3) to
produce a linear ramp.

As with the other low frequency functions, the mixer
requires two inputs; a 1-to-1.5 MHz variable frequency
and a 1 MHz reference frequency. The 1 MHz
reference input, as for other mixing functions,
becomes two 1 MHz sine waves, normal and inverted,
applied to the reference input of the balanced mixer
(figure 4-6). But, the variable frequency input to the
low frequency mixer is modified by the VCO and
several sections of the low frequency generator.

First, the VCO frequency is changed to 1 MHz plus
one-half the programmed frequency. For example, .if
the desired output frequency is progammed for a
20 kHz ramp, the variable frequency will be internally
programmed to 1.01 MHz (the frequency control logic
programs the VCO to 101 MHz and the divide by 100
counter divides the frequency to 1.01 MHz).

Second, the last stage (divide by 2) of the square
divide by 100 counter U11 is bypassed to make the
divide by 100 counter a divide by 50 counter by
enabling gate U19-2,13 with a TTL high.

Th'ird, gate U2-9 (Frequency Board schematic sheet 1,
coordinates A7) is enabled via the main
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microprocessor’s data bus (D0-D7) to place the four-
phase selection switch U4-9 in the ramp mode.

The four-phase selection switch switches between the
0° and 180° outputs of the VCO divide by 100 counter.
The switching of the four-phase selection switch is
controlled by the square divide by 100 counter. Even
though the last divide by 2 counter U11-6 is bypassed,
it is still opnerational and its outnut 1111-8 supplies the
gate U2-8 with a square wave whose transitions are
coincident with the positive and negative peaks of the
sine wave from the low frequency mixer output Q8
(Output/Power Supply sheet 1, coordinates B2). The
square divide by 100 counter is synchronized by the
divide by 100 counter’s sync circuits, which function as
described in paragraph 4.5.2. The 1 MHz and the
variablefrequencies are hetrodyned inthe lowfrequency
mixer. The resultant, after filtering, is half of a cosine
wave from 0° to 180° or its inverse function depending
upon the slope of the ramp. The half cosine wave is fed
through the triangle converter to create a ramp. The
ramp is routed through the waveform selector to the
output amplifier.

4.6 TRIGGER CIRCUITS

The 178 can be triggered and gated at frequencies
below 500 kHz. This is accomplished by controlling
the low frequency generator with internal or external
control signals processed by the trigger input and
control logic circuit and routed to various sections of
the low frequency generator.

Inputs that control the trigger input and control logic
circuit are from the front and rear panel BNC's, the in-
strument’s internal sweep generator, GPIB com-
mands and the manual trigger key. Other control lines
to the circuit select the trigger slope, the trigger or
gate mode and internal or external trigger. The output
of the trigger control circuit is digital control lines that
control the low frequency generator, the sweep
generator, the trigger start/stop circuit and the iow-
frequency-generator synchronization. Discussion will
begin with the trigger theory and then component
“functions. :

4.6.1 Trigger Theory

Figure 4-8 is a simple diagram of the low frequency
trigger circuit. The trigger circuit consists of two input
frequencies f, and f,, an electronic switch SW1, a pro-
grammable delay e, and the low frequency mixer.

if the switch SW1 is connected to the variable fre-
quency f,, f, is mixed with the reference f, resulting in
a difference frequency of f,—f,. This difference fre-
quency is what normally would come out of the iow
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frequency mixer in continuous mode. To produce a dc
base line associated with trigger function, SW1
switches from f, to f,”. f,” is the reference from one
of the four phase outputs of Q3 and Q4. By mixing f,
with f,” a difference frequency of OHz or dc is pro-
duced. By making SW1 a high speed switch and
switching f,” to f, at a rate controlled by a trigger
source, a combination of dc, which is f, — f,”, plus dif~
ference frequency i, — i, wiii be produced giving trig-
ger control of one, several or many cycles from a dc
base line are shown in figure 4-10.

f=, SIN w,t
(1 MH2)
fo=f, —f,
EWY, (<500 kHz)
o or
f,” =SIN (w,t+ e)(L fo=f,—f,"
(DC)

LOW FREQUENCY MIXER
f.=SIN w;,t

(1 TO 1.5 MHz)

Figure 4-8. Triggered Generator

f." PHASE SHIFT
RELATIVE TO f, |

0°
f.—f,' = POS PEAK

VOLTAGE OF f,

OF f,

NEG PEAK
VOLTAGE OF f,

[
2100 —— ! \ —
0 VOLTAGE of f, |

Figure 49. Baseline Voltage Controlled By f,—f,’
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o
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L

H

|
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|

FUNCTION |
OUTPUT : 1
|
| TRIGGERED |
| SINGLE |
: CYCLE |

oV {f. - fw

I

GATED
ALWAYS COMPLETES
THE LAST CYCLE

Figure 4-10. Trigger/Gate Waveforms

In addition to f, — f,” creating a dc level, changing the
phase of f,” with respect to f, will produce three dif-
ferent dc values. For example, as figure 4-9 illus-
trations, by making f,’ sample f, with 0° of phase
shift causes only the positive peak to be sampled and
hence the dc level f, —f, is the positive peak value.
When the difference of f, —f,” is generated with a 90°
phase shift, the dc level f,—f,” will be OV. A 180°
phase shift between f, and f,” will make the dc equal
to the negative peak. A 270° phase shift between f,
and f,” will give a 0 Vdc level but the waveform phase
will be shifted 180°.

4.6.2 Trigger Start/Stop Switch

Refer to the Frequency Board schematic sheet 2 and
figure 4-6. The switching takes place before the divide-
by-100 counters and is controlled by the trigger control
logic. The high speed switch for controlling the mixer
inputs consists of U28-6, 7,U29-2, 3, 7, 9, U32-2, 3, 6,
7, U31-4, 5,2 and 3, 6, 7. Refer to figure 4-11 for a
simplified picture of the switch. The logic level from the
output of the trigger control logic (U14-9, sheet 1,
coordinates 3C) is sent with its inversion to U29-7 and
U32-7 via U28-6, 7, 9. These logic levels to the data
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Figure 4-11.

L‘-""-:; VARIABLE FREQUENCY
COUNTER
CLOCK TO U32-11

Trigger Start/iStop Switch

inputs of U29 and U32 are clocked ata 100 MHz rate to
U29-9 and a 100 to 150 MHz VCO rate to U32-6. The
resulting input levels to NOR gates U31-4 and U31-6.
determine the proper signal to be passed into the VCO
divide-by-100 counter.

For example, to produce a difference frequency other
than OHz, U29-2 must be high and U32-2 must be low.
NOR gate U31-2 will not pass the 100 MHz signal to
U32-11 but U31-3 will pass the 100 to 150 MHz VCO to
U32-11. Thus a waveform wil be produced for the out-
put circuits.

To produce a difference frequency of 0 Hz or a trigger
baseline, U29-2 must be low and U32-2 must be high.
Thus U31-3 will block the 100to 150 MHz VCO. The out-
put circuitswillbe at adc level determined by the phase
that four-phase selector chip (U4-5 on Frequency Board
schematic sheet 1, coordinates 7B) is programmed to
select.

4.6.3 Trigger Input and Control Logic

The trigger input and control logic receives and pro-
cesses external and internal trigger signals to control
the low frequency generator. Refer to figures 4-6 and
4-12 and Frequency Board schematic sheet 1.

A trigger buffer U9-13 isolates the signal from the
front or rear panel BNC and the trigger slope selector
U7-2. The slope selector determines whether a
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positive or negative edge of the external trigger source
will enable the low frequency generator. The output from
the slope selector is routed through logic gates U8-1 and
U9-10. U8-13and U9-9 alsoreceive signals from micro-
processor U42if amanual trigger from the GPIBis given.
The resulting signal output at U9-8 is differentiated by
U9, inverted by U15-10, and used to trigger the sweep
generator. The other input to U15-9 is from the slope
selector U7-8, 9, 10; this line prevents false triggering
of the sweep generator when the logic level of U7-12 of
the trigger slope is changed.

Internal or external triggering is determined by U16-9.
If U16-9 is high, the trigger source will be the internal
sweep generator via U16-4, 5. If U16-9 is low trigger-
ing will be from the two external sources, GPIB or
manual trigger. The GO SWEEP signal comes from
U62-9 (sheet 3), coordinates B2. The SWEEP comes
from U74-13, coordinates A4. These two signal sources
will be discussed in the processor section.

Acontrolline to U8-10(sheet 1, coordinates C5) decoded
from the microprocessor controlled data bus, selects
the trigger or gate modes. As with the trigger sweep
section, an inhibit command at U15-11 (D3) keeps the
low frequency generator from erroneously triggering
when the trigger slope is changed.



TEST CONDITION: RESET, PROGRAM MODE (MAIN) TO TRIGGER, APPLY A 500 Hz TTL SIGNAL INTO TRIG IN.
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Figure 4-12. Trigger Control Logic Timing (Ref: Frequency Board Schematic Sheet 1)




The flip-flop U14-3 (C3) provides the start/stop control
of the low frequency generator. The generator is
enabled for a number of periods dependent upon the
selected mode: a single cycle for triggered or multiple
cycles for gate or burst. This is accomplished by
feeding a sync pulse out U6-8 to U43-28, (Frequency

Board schematic sheet 3). U43, aburst counter, counts

up the number of desired triggered cycles and sends a

controlsignalbackto U15-3. Thig signal controlswhether

U14 will be set or not. When U14 is set, the low

frequency generator is disabled and the sweep gen-

erator and counters arereset; thus adc levelis produced.

When the set state is removed, the initial change causes

the burst counter to start counting and allows the

desired waveforms and frequency to appear.

4.7 OUTPUT CIRCUITS

As figure 4-1 demonstrates, the output circuits consist
of two waveform shapers, two bandpass switches,
and two amplifiers with attenuators. Discussion will
begin with the bandpass switches and flow through
each function to the output.

4.7.1 Bandpass Switches

There are two microprocessor controlled bandpass
switches into the output circuits: the square bandpass
switch and the sine bandpass switch.

The square bandpass switch is U36, on Frequency
Board schematic sheet 2. The high frequency square
enters U36-10from U37-2 (sheet 7). The low frequency
square enters via R46 to U36-7. Output from the switch
U36-9 goes to U7-7, Output/Power Supply schematic
sheet 2. Here the signal is buffered, shaped, then sent
to the sync out differential pair (Q14 and Q15) and the
square shaper (Q16, Q17) to U21-13, 14,16. U21 is

controlled by the waveform selector,

The sine bandpass switch consists of relay K1 (Output/
Power Supply sheet 2) for the high frequency and relay
K2for the low frequency sine. Whentriangle is selected,
K3 goes on and K2 opens.

Amplitude modulation and triangle are the other two
waveforms selectable by the 178.

4.7.2 AM Modulator

The AM modulator (figure 4-13, Output/Power Supply
schematic sheet 2) is a balanced modulator that pro-
duces and output circuit proportional to the product of
the AM input signal and the high or low band sine wave.
The output from the AM modulator circuit is summed
into the preamplifier.

The AM modulator consists of four sections: sine
wave input, AM modulation input, balanced modulator
and current mirror.

WAVEFORM SELECTOR
CONTROL LOGIC

CURRENT
MIRROR
Q11,Q12, Q13

IN ouT

1’ 4
&‘ r
HIGH BAI;(?O y i 4 -1 L
SINE WAVE (>500 kHz S 21
HIGH EAT)%S#ENCY 0 le I, L2 PREAMPLIFIER
LOW BAND O | ouT o ouT
SINE WAVE (<500 kHz) | Qs, SINE IN
LOW FREQUENCY | Q10 _Q&
MIXER 5] 8 BALANCED
O 21 :l MODULATOR
—— us
AM INPUT >S i ! ' }AM IN
(REAR PANEL) \ O i
LINEARITY
COMPENSATION
CR6-CR9

Figure 4-13. AM Modulator
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The sine wave input to the balanced modulator is fed The current mirror Q11, Q12 and Q13 converts the dif-

through one of two depletion metal oxide semiconduc- ferential output I, of the balanced modulator to a
tor field effect transistor (DMOS FET) switches U21, single ended output I,”. 1,” is equal in magnitude and
coordinates D8. Two control lines from the waveform phase to the input current I,. The current I,” from the
selector control logic switch the proper DMOS FET current mirror and the output current I, from the
switch to select either the high (>500 kHz) or low balanced modulator are summed through the DMOS
(<500 kHz) sine wave band. The sine wave drives an FET switch U21 into the preamplifier.

analog amplifier Q9 and Q10 that provides a differen- .

tial input signal to the balanced modulator. DMOS FET switch U21 controis the path between the

balanced modulator output and the preamplifier.
The AM modulation input, a rear panel BNC, is fed When AM is selected, the FET switch is enabled by a

through a diode network CR6-CR9 that is used to com- control line from the waveform selector control logic
pensate for the nonlinear characteristics in the to allow the current to flow from the AM modulator cir-
modulator. cuit to the summing node of the preamplifier. When
any other waveform is selected the DMOS FET switch
The balanced modulator U6 is a single intergrated cir- is disabled, thus opening the path between the
cuit that produces an output current proportional to modulator and the preamplifier.
the product of the AM modulation signal and the sine
wave signal. As figure 4-13 demonstrates, this 4.7.3 Triangle Converter
modulator has differential outputs which drive Q11 of
the current mirror (I,) and half of the preamplitier sum- The triangle converter (Output/Power Supply schematic
ming node (I,). sheet 2) synthesizes a triangle from the low band sine
WAVEFORM WAVEFORM
CIRCUITS SELECTOR
13 116 U2t +V
SQUARE 8-
WAVE 1 O u18

SINE WAVE K1
>500 kHz oT o

) Q10.

SINE WAVE K2 > Q18. Q19,

<500 kHz o7 O- Q20. Q21

'——\ PREAMPLFIER

TRIANGLE K3
CONVERTER o7 O—

BINARY
ATTENUATOR

AMPLITUDE 4 1 uz1
MODULATOR o7 0

BD7
8 BIT —— U1l
BUFFERED -] :
DATA J— »{ DRIVER _/
BUS — | WAVEFORM Ut12. u13
8DO —] LATCH

Figure 4-14. Waveform Selector and Preamplifier
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wave only. Thetriangle converter consists of asumming
amplifier U8 with a diode network in its feedback path.
The input to the triangle converter is a 1.2 Vp-p sine
wave from the low frequency generator. The outputis a
2.5 Vp-p triangle which is routed through the waveform
selector to the preamplifier.

When a ramp is selected, the low frequency generator
submits peak-to-peak half sine waves to be converted
by the triangle converter to linear ramps.

4.7.4 Waveform Selector

The waveform selector with control logic (figure 4-14
and Output/Power Supply schematic sheet 2), selects
one of the six waveforms (square >500 kHz, <500 kHz,
sine triangle, AM and dc) which will be routed to the
preamplifier.

The waveform selector is a combination of DMOS
FET's (U21) and relays K1, K2 and K3, which are used
as switches as illustrated in figure 4-14. When enabled,
the switch presents a low impedance path between
the waveform circuit and the preamplifier. Disabled,
the switch appears as a high impedance path or open
between the waveform circuit and the preamplifier.
Each switch is enabled by TTL low and it is disabled by
a TTL high. Only one switch at a time can be enabled. If
the dc mode is seiected, ail switches are disabied.

Each switch is controlled by the waveform control
logic consisting of U11 with buffer U12 and U13. The
control logic data is received from the eight bit buf-
fered data bus and converted to a single control line
for each switch by the latch U11. U11 only does this
when the WAVE line is enabled. The output from latch
U11 drives buffers U12 and U13 before being fed to
the waveform selector switches. Table-4-1 is a truth
table for the waveform control logic.

4.7.5 Preamplifier

The preamplifier (figure 4-1, and Output/Power Supply
schematic sheet 2) sums input currents selected by the
waveform selector and supplies a fixed peak-to-peak
level to the binary attenuator.

The preamplifier is an inverting amplifier which is
composed of a high speed ac amplifier Q18, Q19,
Q20 and Q21 and a dc amplifier U10. Feedback for the
amplifier is a resistor R136 and a DMOS FET U18 in
series; this FET is biased on and compensates for the
FET impedance in the binary attenuator. An ac cur-
rent is summed at the input of the preamplifier and
amplified to a fixed level: 3 Vp-p for sine waves square
waves and triangles and 1.5 Vp-p for an unmodulated
AM, output.

4.7.6 Binary Attenuator

The binary attenuator (figure 4-1 and Output/Power
Supply schematic sheet 2) controls the waveform am-
plitude within each of the four decade ranges. The
decade range is determined by the output attenuator.

The binary attenuator block consists of the contro!
logic, the bit selection switches, and the resistor at-
tenuators.

U11 and U14 the control of the attenuator, receive in-
puts from the microprocessor. Eight output lines from
U14 plus two lines from U11 drive level translator
U15, U16, and U17. These level translators change a
TTL highintoa + 15V level and a TTL low into a — 5V
level.

Each of 12 output lines of U15, U16 and U17 is label-
ed in a binary increment. Whenever any of the lines
are activated, the signal is sent through a FET switch
and resistor network which will cause an output
amplitude equal to 10V times the activated line

Table 4-1. Waveform Control Logic

FUNCTION CONTROL LOGIC BUFFERED DATA U11
WAVEFORM KEY
ENTRY

AMH | AML | AMON |square | k1| k2 | k3 |DB7|DB6| DB5 | DB4 | DB3 | DB2 | DB1 | DBO

SINE WAVE >500k co | 1] 1 1 1 ol 1l 1] x| x|l olol]lol o] ofn
SINE WAVE <500k co 1] 1 1 1 1ol 1l x|{x}lololol1]0]o
TRIANGLE c1 1] 1 1 1 1l 1lolx!{xlololo]o| 1]o
SQUARE WAVE c2 1] 1 1 0 11l 1l xi{x]lolol1]lololo
RAMP c3 1] 1 1 1 1l 1lolx]xlojololo] 1]o

DC ca 1] 1 1 1 1l a1l xtxlolololo]o]lo

AM (SINE WAVE)> 500k| Cs o | 1 1 1 1l a1l xtx] 1]ololo]olo
AM (SINE WAVE) <500k| C5 1] o 00 1 1l il il xixlol1{o]o|olo

1=TTL HIGH 0=TTL LOW X = DON'T CARE




Table 4-2. Examples of Programmed Amplitudes

BUFFERED DATA (MAIN MICROPROCESSOR)
U14 U4 u11 ut1
DB? DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO DB7 DB6
FET SWITCH LINES

512 | 512 | 256 | 128 64 32 16 08 04 02 01
0
w B~ | 1.00V 1 0 0 0 1 1 0 0 1 0 0
§ Quw | 1.76V 1 0 0 1 0 1 1 0 0 0 0
IPa | 200v 1 0 0 1 1 0 0 1 0 0 0
o) 3 5 3.00V 1 0 1 0 0 1 0 1 1 0 0
Qs x | 999V 0 1 1 1 1 1 0 0 1 1 1
T <= | 10.00v 0 1 1 1 1 1 0 1 0 0 0

1=TTL HIGH 0=TTL LOW
= + 15V FET SWITCH ON = —5V FET SWITCH OFF
POSITIVE
BIAS/OFFSET

INPUT

FROM
BINARY
ATTENUATOR

—»{ U22, Q22, Q23,

VOLTAGE
AMPLIFIER

Q25, Q26,
Q28 Q29

NEGATIVE
BIAS/OFFSET

5090
CURRENT —_——— TERMINATOR
AMPLIFIER o
Q30-Q33 |
>
QUTPUT
ATTENUATOR

Figure 4-15. Power Amplifier

(assumming the output attenuator is set for 0dB at-
tenuation). Thus if only the .08 line was activated the
output would be .8V. See table 4-2 for further

examples.

Since the signal flows through the FET's, and each FET
has approximately 30Q’s resistance, the FET along with
its respective resistor network is made to be part of the
preamplifier feedback path.
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The 5.12 is only used by itself, while the 5.12 is used in
combination with other networks.

Input to the attenuator comes from the preamplifier
(TP3) and the output, P.A.SUM, goes to the power
amplifier. The resistors connected to each FET con-
stitutes the individual attenuator networks.

4.7.7 Power Amplifier

The power amplifier (figures 4-1 and 4-15 and Output/
Power Supply schematic sheet 3) is an operational
amplifier with a wide frequency response and low
distortion output. The power amplifier receives its input
from the binary attenuator and produces an output
current, 100 mA peak into 50Q termination, to the
attenuator and, ultimately, the function output BNC’s. In

addition to ampilifying the waveform, the power ampli-
fier is used to offset the dc level of the function output to
a maximum offset of £ 10V into a 50Q termination.

The power amplifier consists of three sections: the
voltage amplifier, current amplifier and the bias/offset
sources. Figure 4-15 shows the interconnections
between the three sections and how they relate to
their exiernai inputs and ouipuis.

Basically, the voltage amplifier receives an input cur-
rent from the binary attenuator, and its output controls
the current supplied by the current amplifier to the
output load. The bias/offset source provides the bias
voltage for the current amplifier.

The following sections describe in greater detail the
three sections of the power amplifier.
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Figure 4-16. Voltage Amplifier
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The voltage amplifier consists of U22, Q22, Q23, Q25,
Q26, Q28 and Q29. Signal flow through the voltage
amplifier is shown in figure 4-16. The voltage
amplifier has a dc and ac signal paths; the dc path is
through U22 to the emitter of Q22 and the ac path is
through C85 and C88 to the bases of Q22 and Q23
respectively. Feedback for the voltage amplifier is
taken from the emitters of the output transistors: one
feedback path is from the emitter of Q28 and the other
path is from the emitter of Q29. The voltage amplifier
outputs are the collectors of the transistors Q28 and
Q29, which are directly connected to the input of the
current amplifer.

The current amplifier (figures 4-15 and 4-17 and Out-
put/Power Supply schematic sheet 3), Q30, Q31, Q32
and Q33 supplies the output current to the output
attenuator and, ultimately, to the function output BNC's.
There are two inputs to the output attenuator and,
ultimately, to the function output BNC’s. There are two
inputs to the current amplifier: an ac control current
fromthe voltage amplifier and the dc bias/offset voltage
which controls the dc offset level at the function output
BNC'’s. Figure 4-17 shows the current flow in the current
amplifier for a maximum output signal, 200 mA peak
into a 50Q load.

The bias/offset sources control the bias voltage of the
current amplifier and, when controlled by the dc offset
circuit, will vary the dc offset level at the function out-
put BNC's. At OV dc offset, the base of the current
amplifier transistors are biased at + and — 12Vdc.
U23 and Q24 supply the + 12V bias to Q30 and Q32,
while U24 and Q27 supply the — 12V bias to Q31 and
Q33.

To offset the output signal, the dc offset circuit
changes the dc levels of the bias/offset sources. For a
positive offset, the bias on Q30 and Q32 is decreased
causing an increased current flow to the load and the
negative bias to Q31 and Q33 is increased causing a
decreased current flow. For a negative offset the con-
ditions are reversed: the positive bias on Q30 and Q32
is increased and the negative bias on Q31 and Q33 is
decreased.

4.7.8 DC Offset Circuit

The dc offset circuit (figure 4-1, 4-18 and Output/Power
Supply schematic sheet 3) controls the level of dc offset
presentat the function output. The output signal may be
offset a maximum of plus or minus 10.00V into a 50Q
termination with a maximum resolution of three digits.
The actual maximum offset is dependent upon the
programmed amplitude and dc offset; when aninternal

predetermined limitis exceed, the microprocessor sig-
nals the user of a programming error via the front panel
display.

The dc offset circuit operation is best shown by follow-
ing figure 4-18. The offset latch U25 and U26 receives
data of the main microprocessor controlled buffered
data bus from the data latch U41 (Frequency Board
schematic sheet 3) and transfers the data to the DAC
U27 when the latches are enabled by two commands
originated at the address decoder U46 (Frequency
Board schematic sheet 3); OFST HI enables latch U25
and OFST LO enables latchU26. The DAC U27 converts
the 10 bits (3 digits) of digital data from the offset
latches into a proportional output current. The operational
amplifier U28 sums the current fromthe DAC to produce
an output voltage level proportional to its input current.
The maximum output level at U28 pin 6 (TP4) is ap-
proximately +7.5V for a programmed offset of 10.00V.
The level at TP4 will remain a positive value regardiess
of whether a positive or negative offset is programmed.

Amplifier U29 and switch U30 determines the polarity
of the dc offset level. Switch U30 selects the con-
figuration of the amplifier U29. The polarity control
line from the offset latch U25 (BD7, OFST HI); a TTL
low selects the positive offset levels and a TTL high
selects the negative offset levels. When a positive dc
offset is selected, as shown in figure 4-18, the
amplifier U29 is configured as a voltage follower
which supplies a positive input current to the power
amplifier. For a negative dc offset, the conditions of
the switch U30 are reversed (U30 pins 3 and 4 are
shorted and pins 11 and 12 are opeh) connecting the
amplifier U29 as a unity gain inverting amplifier which
supplies a negative current input to the power
amplifier.

The current from the dc offset circuit is applied to two
scaling resistors R177 and R187. R177 is the input
resistor for the positive dc offset source U23, and R187
is the input resistor for the negative dc offset source
u24.

4.7.9 Output Attenuator

The output attenuator reduces the current supplied by
the power amplifier in 20 dB steps. Three sections of
resistor attenuators are used to attenuate 20 dB
through 60 dB, and a single line is used to bypass the
attenuator network for 0 dB (figure 4-19).
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Table 4-3. Output Attenuator Control Logic

1=TIL HIGH BUFFERED DATA BUS
= RELAY ON
0= TTL LOW BDs | BD5 | BD4 | BD3 | BD2 | BD1 | BDO
=RELAY OFF U31 PIN NUMBER
X =DON'T CARE 16 2 12 15 5 6 9
ouTPUT  |ouTPuT |INTERNAL | Tousour | KEY RELAYS AMPLITUDE RANGE
ATTENUATOR LOAD ane | ENTRY [ w10 K4 K5 K6 7 ke ko | (Vp-p AT OVdc OFFSET)
0.dB - ON ouT X EOPT | X 1 0 0 1 0 0 20.00 - 10.02
0 dB ON IN X EOP1 | X 1 0 0 1 0 1 10.00 - 1.01
-20 dB ON IN X E1P1 | X 0 1 0 0 1 0 1,000 - 0.101
~40 dB ON IN X E2P1 | X 0 0 1 0 1 0 0.100 - 0.0101
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X OFF IN X P2 X 0 0 1 1 0 0 X
X OFF ouT X PO X 0 0 1 0 0 0 X
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The proper attenuator range is selected by the
microprocessor. The microprocessor checks the pro-
grammed amplitude and dc offset before selecting
the proper attenuation range. The microprocessor
then sends 8 lines of data (BDO through BD7) into
latch U31. U31 will only transfer the data to its output
if the ATTEN line into the chip goes high. From U31’s
output the respective relay signals are buftered
through six buffers (U32) and transistor Q34. The six
buffers drive relays K4-K9 for selection of the correct
attenuator network. Transistor Q34 causes relay K10
to select front or rear output BNC's. Table 4-3 gives
the state conditions required for each attenuator con-
dition.

In addition to controlling the output attenuation, the
output attenuator control logic controls several other
functions. First, if 0 dB and internal 50Q termination
are programmed; (EQ, A1.01 to 10.00), relays K4,K7
and K9 are activated; K4 and K7 bypass the at-
tenuator while K9 will connect the output attenuator
(used as a 509 termination) across the function out-
put. Second, if the the output is turned off with an in-
finite source impedance at the function output (PO,
A>10.00), relays K7, K8 and K9 are deactivated and
relay K6 is activated to load the power amplifier with a
50Q termination. Third, when the output is turned off
with a 50Q source impedance at the function output
(P2) relay K7 and K6 are activated; relay K7 connects
a 50Q resistor R242 across the function output BNC
and relay K6 connects the output attenuator, used as
a 50Q load, to the power amplifier output. Fourth, if
the output is turned off with an infinite source im-
pedance at the function output BNC, relays K9, K8
and K7 are deactivated, opening the path to the func-
tion output BNC. Also, K6 is activated to connect the
output attenuator, used as a 50Q load, to the power
ampilifier output.

4.7.10 Sweep Ramp Generator

The sweep ramp generator (ref: figure 4-1, and Fre-
quency Board schematic sheets 2 and 3) provides a
linear ramp that is proportional to the sweep frequency
(ref: paragraph 3.9.4).

The sweep is produced by the ramp generator U17, Q3,
Q4, Q5 and Q6 from an input from the programmable
counter U43, U48, U49 and U50.

The ramp generator receives a series of 2000 pulses
(RAMP STEP) that are controlled by the program-
mable counter U43. U43 will always supply 2000
pulses which are equivalent the sweep time. As the
sweep time varies the frequency of the step pulses

change. The ramp step pulses from U50-3 (ref: Fre-
quency Board schematic sheet 3) are applied to the
base of Q5 then through Q6 into the integrator U17.
Each pulse will cause the sweep output U17-6 to
increase by =2.5 mV until the output reaches = + 5V. A
reset command (RST SW) at Q3 will turn on Q4 or reset
theramp to zero. Atiming diagram for the ramp generator
circuit is shown in figure 4-20.

4.8 DIGITAL CONTROL

The digital control section (figure 4-1) includes the in-
put/output microprocessor, GPIB interface and
keyboard/display interface; these sections control the
data in to and out of the instrument. In addition, it in-
cludes the main microprocessor and the frequency
control logic (digital sweep generator), which control
the high frequency generator, low frequency
generator and output sections.

Each portion of the digital control section is described
in the following sections.

4.8.1 Front Panel

The front panel assembly contains the circuits that
receive and process the input parameters, parameter
values and actions which are entered from either the
keyboard or the General Purpose Interface Bus
(GPIB). Also, the front panel contains the display -of
178’s status.

The front panel (ref: figure 4-1, 4-21 and Display/Logic
schematic sheets 1,2 and 3) consists of the keyboard,
display, General Purpose Interface Bus (GPIB), input/
output (I/O) microprocessor and the microprocessor
support circuitry. In addition, the front panel assembly
contains four BNCs: Ext Trig In, Sweep Out, Sync Out
and Function Out.

The front panel circuits are isolated from the circuit
common. Therefore, data output from the front panel
to the main microprocessor circuits is optically
isolated serial data.

The front panel assembly is connected electrically to
the 178 by two ribbon cables and four coaxial cables.
One ribbon cable J30 connects the display and
keyboard to the frequency board at J15. A second rib-
bon cable J29 connects the GPIB assembly to the
rear panel J19 and J18. Four coaxial cables connect
the front panel’s BNCs — Ext Trig In (J36), Sweep Out
(J35), Sync Out (J34) and Function Out (J33) — to the
frequency or the output/power supply boards.
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The following sections describe the 1/O microprocessor,
its support circuits, keyboard, display and GPIB
interface.

4.8.1.1 Input/Output Microprocessor

and Support Circuits

The input/output microprocessor U3 (ref: Display/Logic
schematic sheet 1) acts as the input/output processing
unit. Itreceives inputinformation fromthe keyboard and
GPIB. It processes the information and sends it to the
main microprocessor via an optically isolated serial
bus. Also, the [/O microprocessor processes output

information that is sent to the output ports (GPIB or”

display). The processing of this information is directed
by the software. Software directs the processor 1o
address subsystems and issue commands and data
which directs the 178 to output the desired signal.

Software refers to a sequence of commands ex-
ecuted by the I/O microprocessor. This sequence of
instructions stored in Read Only Memory (ROM) com-
mands the microprocessor to perform according to
the 178 specifications. The microprocessor is
powerless without a program to run; therefore, the
software is one of the most vital elements of the
digital section. All information transfer takes place
under the control or supervision of the software. Pro-
grams are composed of machine language instruc-
tions, messages and tables that provide seguencing
information. This data stored in the ROM is program-
med into the ROM at the time of manufacture.

The /O microprocessor support circuits consist of the
auto reset circuit U16, U23, U26, U25 and U27, the
4 MHz clock T1, Q1, the address latch U6, the memary
decoder U4, the /O decoder U5, and the memories U19,
U20 and U21.

This block receives three inputs. One input is from the
keyboard, which the I/O microprocessor controls. The
second input is data from the GPIB interface. The
third input is the serial data from the main
MiCroprocessor.

Auto Reset The auto reset circuit initializes the reset
sequence of the YO microprocessor at power-on or
after a power transient interrupt. The reset sequence
will reset the instrument to the initial power up condi-
tions (ref: table 2-3, step 3).

The auto reset circuit consists of an oscillator U16
pins 5, 6 and 7, a counter U23 and the control logic
u25, U26, U27 and U17.

The oscillator U16 pins 5, 6, and 7 produces a 32 kHz
pulse. The pulse is used as the clock input to the
counter U23.

The counter determines whether or not the I/O
microprocessor will be reset. The counter receives
two inputs: the 32 kHz clock from the oscillator and a
reset pulse originated by the I/O- microprocessor or
the ceunter itself.

At power -on, outputs (OLVL, XCLK) from the I/O
microprocessor are held high for approximately
100 ms. During the 100 ms period, the counter is
clocked by the 32 kHz clock. After 64 ms the
counter’s output U23 pin 1 goes high. This transistion
is routed through U17 pin 4, U25 pin 3 and U17 pin 8
to the IO microprocessor RESET line U3 pin 6. When
RESET goes low the microprocessor begins its power-
up initialization process. The power-up initialization
processes is controlled by the software contained in
Read Only Memory (ROM).

If the initialization process is successful the 178 will be
in its initial power-up settings. In addition, the /O
microprocessor begins to send out OLVL pulses from
U3 pin 9 at approximately a 1 kHz rate. These OLVL
pulses will continually reset the counter every 1ms. Thus,
the counters’ output, U23 pin 1, will always remain at
aTTL low.

If the 1/O microprocessor fails to send a OLVL pulse for
a period greater than 64 ms, the auto reset circuit will
attempt to reset the 1/O microprocessor. It will keep
doing this until the power is removed or the micro-
processor begins sending OLVL pulses.

When reset, all data stored in Random Access
Memory (RAM) will be erased except the data stored
in RAM with battery back up.

4 MHz Clock The /O microprocessor is clocked at a
4 MHz rate. The 4 MHz clock is applied to the EXTAL 2
input, U3 pin 3, of the 1/O microprocessor through the
isolation transformer T1 and the buffer amplifier Q1.

The 4 MHz clock is generated on the frequency board
(see schematic sheet 2, coordinates C1). Here the 4
MHz clock is routed from U118 pin 2 through an inver-
ter U59 pin 12 to J15 (schematic sheet 3, coordinates
A8) pin 1. On the frequency board J15 pin 1 con-
nects through a cable to the display and keyboard as-
sembly (Displaly/Logic schematic sheet 1) J30 pin 1,
which connects to the transformer T1.
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Address Latch The address latch U6 (ref: figure 4-21
and Display/Logic schematic sheet 1, coordinates D4)
is used to select the lower address bits (ADRO-7).

The address latch is a transparent latch with 8 input
lines (AD 0-7) from the I/O microprocessor U3. The
address latch is clocked by the AS clock line from the
1/0O microprocessor U3 pin 39. On the positive going
transition of the AS clock, data at the address latch in-
puts UG pins 3, 4, 7, 8, 13, 14, 17 and 18 are trans-
ferred to the address latch outputs U6 pins 2, 5, 6, 9,
12, 15, 16 and 19.

Memories The 1/O microprocessor circuit (Display/
Logic schematic sheet 1) consists of two types of
memories: Read Only Memories (ROM) for permanent
storage of data, and Random Access Memories (RAM)
for temporary storage of data.

When a specific ROM is enabled it presents its data
on the Address/Data bus (ADO through AD7). The
ROM enabling commands are generated by the
Memory Decoder U4.

The Random Access Memory (RAM) is used for tem-
porary storage of data. The RAM's store the first five
stored settings, the non-executed generator settings,
and the display information.

Memory Decoder The memory decoder U4 (ref: Dis-
play/Logic schematic sheet 1, coordinates A4) enables
either one of two Read Only Memories (ROM) U19 or
U20, or Random Access Memory (RAM) U21 as directed
by instructions from the 1/O microprocessor U3. The
memory decoder is itself a ROM and it is programmed
to supply specific digital outputs (ROM1/, ROM2/ and
RAMY/) for specific address bytes (ADR 14-15 and BE).
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Figure 4-25. Filament Voltage Generator Circuit Timing
(Ref: Display/Logic Schematic Sheet 2)

Input/Output The input/output (I/O) address decoder
U5 (Display/Logic schematic sheet 1, coordinates A4)
enables the GPIB interface processor U1 and anode
display drivers U9 and U10, as directed by instructions
from the 1/O microprocessor. The I/O address decoder
is itself a Read Only Memory (ROM) and itis programmed
to supply specific digital outputs (GPIB/ and SEG CLK/
for specific address locations (ADR 3-8, ADR 14-15, R/
W and E).

4.8.1.2 Display

The front panel display shows the 178’s programmed
parameters, parameter values and actions.

The display block (ref: figure 4-1, 4-21, 4-22 and Dis-
play/Logic schematic sheet 2) consists of the fluores-
cent display V1, anode drivers U9, U10 and U7, grid
drivers U8 and U11, and the filament voltage generator
U26, U17, Q2, Q3, and T2.

The fluorescent display V1 is a 20 character display.
Each of the 20 characters or grids contains 16
segments or anodes. The fluorescent display is driven
by the grid driver U8 and U11, and the anode driver
U9 and U10.

The display circuit receives input data and commands
from the input/output microprocessor U3. This data is
converted into the information required to turn on the
grids and anodes necessary to create the desired
characters.

Each grid is sequenced on or off as needed. If a grid is
turned on, the appropriate anodes must also be
selected to light the desired character.

The following describes the data flow Sequence re-
quired for turning on the grids (ref: figure 4-22). First,

the DSP line U11 pin 14 from the I/O microprocessor
will be either high or low. A high defines a grid as be-
ing turned on and a low defines the grid as being off or
a blank. Each BLANK clock shifts the DSP data into
the lower order (GRIDS 1-10) grid driver U11. Then the
overflow from U11 (DO) is shifted in U8 (DI) which is
shifted through U8. U8 contains the upper order grids
(GRIDS 11-20). Grid display timing is shown in figure
4-23.

Synchronous with each grid pulse is the datarequired
toturnon the proper anodes, thus tighting the necessary
character. The anode data flow through the display cir-
cuitis shown in figures 4-22 and 4-24. The E clock from
the 110 microprocessor U3 pin 40 latches the data
(ADO-AD?7) into the data latch U7. ADRO and ADR1 are
address lines which select one of two anode drivers US.
or U10. After the anode driver is selected, data is strobed
intoU9or U10by the SEGCLK fromthe {/O decoder U5.
The data from the anode drivers is presented to the
fluorescent display when the output enable OE line goes
low, blanking the display. Each of the 16 anode outputs
controls one of the 16 flourescent display segments.
When the output goes high ( + 44V) the segment is turned
on. When the output goes low (0V) the segment is turned
off.

The filament voltage generator U26, U17, Q2 and Q3
(ref: figures 4-22 and 4-25 and Display/Logic schematic
sheet 2, coordinates B3) supplies the fluorescent dis-
play with a 6 Vp-p square wave that is offset +5V dc.
Input to the filament voltage generator is the buffered £
clock (BE) from U26 pin 3 (ref: schematic sheet 1,
coordinates D5). Push-pull driver, Q2 and Q3, drives
the isolation transformer T2.
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48.1.3 Keyboard

The keyboard (figures 4-1, 4-26 and Display/Logic
schematic sheet 2) consists of 50 membrane switches
arranged in a 5 X 10, X-Y matrix. The keyboard Y
coordinate is scanned at a predetermined rate by the I/
Omicroprocessor throughdecoder U15. Whenacontact
is closed, encoder U2 sends a “keyboard is active”
signal (KYACT line) to the I/O microprocessor. Micro-
processor U3 stops scanning U15 and notes which Y
coordinate the count is on. The microprocessor then
determines which X coordinates decoded by the 1/O
microprocessor represent specific actions, parameters,
or values.

4.8.1.4 General Purpose Interface Bus

The GPIB interface (ref: figure 4-1, 4-21, 4-27 and
Display/Logic schematic sheets 1 and 3) allows the
instrument to be remotely programmed by a minicom-
puter, calculator, etc., viathe General Purpose Interface
Bus (GPIB). The GPIB interface is an implementation of
IEEE Standard 488-1978. It supports the following 488-
1978 defined interface functions: Source Handshake
(SH1), Accepter Handshake (AH1), Talker (T6), Lis-
tener (L4), Service Request (SR1), Remote Local (RL1),
Device Clear (DC1)and Device Trigger (DT1). This bus
transfers messages in byte serial fashion. The bus has
16 signal lines and they are:
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8 Data Bus Lines (DIO1 through DIO8)

5  General Interface Management lines (ATN, IFC,
SRQ, EOI and REN)

3 Data Byte Transfer Control Lines (NRFD, NDAC
and DAV)

€s¢e lines are gefined i
tion with the GPIB.

The GPIB interface performs the following two func-
tions:

1 paragiapin 3.18, as in opera-

1. Detects the GPIB Listen and Talk Address.

2. Does the proper listen handshake when atten-
tion (ATN) is true.

Inthe 178, the GPIB interface is controlled by the general
purpose interface adapter U1. U1 controls
the movement of data between the GPIB bus and the
input/output microprocessor. Inputs to U1 from the
GPIB are through U13 and U14, bidirectional bus
transceivers. U1 data output (ADQO-AD7) are con-
nected directly to the I/O microprocessor’s data bus.
Other lines (RIW, ADRO, ADR1, ADR2, GPIB/, TRQ and
E clock) are connected to the /O microprocessor
circuit. '

The GPIB address is selected by the GPIB selector
switch, located on the rear panel. Switch closures
select the GPIB address (Ref: paragraph 2.2.4). The
switch contacts are connected to U12 which is a
tristate inverter. When G1 and G2 on U12 go low, the
inverted GPIB address is placed on the 1/O micro-
processor's data bus. If G1 and G2 are high, the output
from U12 is in a high impedance state.

4.8.1.5 Beeper

The beeper circuit provides an audible indication that
a front panel key has been pressed. The beeper may
be enabled or disabled by pressing the f~ (Tone
On/Off key

The beeper sound is created by driving electro-
mechanical transducer DS1 with a burst of 2 kHz
pulses for a period of 100 ms.

The beeper circuit (ref: figure 4-28 and Display/Logic
schematic sheet 2, coordinates A3) consists of a 12 bit
counter U28, the counter control logic U25 pins 8,9, 10,
5,6, and 4, the beep driver Q4 and the electromechanical
transducer DS1.
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The following describes the circuit operation. The
counter is reset by the BEEP line, which is generated
by the /O microprocessor U3 pin 20. The counter
outputs (Q11 and Q12) U28 pins 1 and 15 are reset to
zero: this will enable REC, the serial data from the /O
microprocessor U3 pin 11 to clock the counter at the
62 kHz rate. When the counter outputs Q11 and Q12
stops the clocking of the counter; this determines the
period of the beep. A counter output U28 pin 3 drives
the beeper driver Q4 which, in turn, drives the beeper
device DS1 at an approximate 2 kHz rate.

48.1.6 Optical Isolator

Optical isolation isolates the GPIB ground from the
178 circuit ground.

Actually there are two optical isolator circuits. One
optical isolator is located on the front panel assembly
and isolates the data received by the I/O
microprocessor from the main microprocessor. The
second optical isolator is located on the frequency
board and it isolates data sent by the IO
microprocessor; it is discussed as part of the main
microprocessor.

The 1/O microprocessor’s optical isolator circuit (ref:
figures 4-1 and 4-21, and Display/Logic schematic
sheet 1, coordinates C7) consists of optical isolator
U24. Serial data is fed into the optical isolator U24 pin
3 on the SERO line that comes from the main micro-
processor U42 pin 12 (ref: Frequency Board schematics
sheet 3 coordinates D7 and Instrument schematic
sheet 1 coordinates A6) through U54 pin 2, J15 pin 20
and J30 pin 20.

4.8.2 Main Microprocessor and Support Circuits

The main microprocessor and support circuits (ref:
figures 4-1, 4-29 and Frequency Board schematic
sheet 3) actas the central processing unit, they receive
optically isolated information from the Input/Output
microprocessor (ref: paragraph 4.8.1.1) and acton this
input as directed by the software. Software directs the
processor to address the subsystems and issue com-
mands and data which directs the 178 to output the
desired signal. These subsystems include frequency
control logic and control registers on both the Frequency
and Output/Power Supply boards.

Software refers to a sequence of commands ex-
ecuted by the main microprocessor. This sequence of
instructions stored in Read Only Memory (ROM) com-

le———— BEEPER ENABLED ————]

BEEP (U28-11) 0OV

U28-16 +5v

wes T 1, T T LT 2k

Qi1,u2e1s | N
anz,uzs1 I
TP R — L
Recuzss L L I L 1.1 LT LI 1 I e25kHzTTLPULSE
U25-4
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Figure 4-28. Beeper Enabling Circuit Timing (Ref: Display/Logic Schematic Sheet 1)
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mands the microprocessor to perform according to the
178 specifications. The microprocessor is powerless
without a program to run; therefore, the software is one
of the most vital elements of the digital section. All
information transfer takes place under the control or
supervision of the software. Programs are composed of
machine language instructions, messages and tables
that provide sequencing information.

The main microprocessor U42 support circuits consist
of the address latch, read only memories, memory
address decoder, data latch, address decoder, 4 MHz
clock, autoresetandoptical isolator. The following sec-
tions describe each circuit in further detail.

Address Latch The address latch is used to hold the
lower order address bits (A0-A7). The address latch U55
(ref: Frequency Board schematic sheet 3, coordinates
D6)transfers the data present atits inputs (D0-D7) toits
outputs (A0-A7) when the AS line U5 pin 11 goes high.

Read Only Memory The software for the main micro-
processor is contained within two Read Only Memories
(ROMs), U44 and U45 (ref: Frequency Board schematic
sheet 3, coordinates D5). Each ROM receives 10 ad-
dress lines (A0-A10) from the main microprocessor
U42 and the address latch U55. When the memory
address decoder U52 enables either ROM, specific
address select specific data at the ROM's output (DO-
D7). All data from the ROM's are fed as inputs to the
main microprocessor.

Memory Address Decoder The memory address de-
coder U52 and U53 (ref: Frequency Board schematic
sheet 3, coordinates C5 and C7) enables the ROM’s
(U44 and U45), the burst counter U43, the address
decoder U486, and portions of the frequency control
logic.

The memory address decoder acts upon instructions
from the main microprocessor. The memory address
decoder is made of three decoder IC’'s which supply
specific output lines (ROM U44, ROM U45, SEL 6840/,
WRITEMARKER/, WRITELOAD/, and READFS/) for
specific address bytes (A13-A15, A5-A7 and BE).

Data Latch The data latch U41 (ref: Frequency Board
schematic sheet 3, coordinates D2) buffers the data
from the data bus (DO-D7) of the main microprocessor.
The data transfers through the data latch at the positive
level of the E clock U41 pin 11, which is supplied by the
main microprocessor U42 pin 40. The output data from
the data latch (D0-D7) routes through connectors J13
on the frequency board to connector U7 on the output/
power supply board (ref: schematic sheet 3). .
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Address Decoder The address decoder U46 (ref: Fre-
quency Board schematic sheet 3, coordinates C2)
provides control commands (ATTN, OFST HI, OFST
LO, AMPL and WAVE) to the output/power supply
board, control state machine (EP RESET/) and burst
counter (INIT BURST/). The decoder select lines (AO-
A2) U46 pins 1-3 are decoded when the memory
address decoder U53 pin 14 enables the decoder and
cessor, U42 pin 40 reaches a positive level. The
outputs of address decoder U46 (pins 11-15) are routed
through connector J13 pins 9-13 on the frequency
board to connector J7 pins 9-13 on the output/power
supply board (ref: schematic sheet 3, coordinates A7).

4 MHz Clock The 4 MHz clock is the reference timing
source for the main microprocessor system.

The 4 MHz clock originates at the emitter of transistor
Q1 (ref: Frequency Board schematic sheet 2, coordi-
nates C1), anditisrouted through buffer US9 pin 6 tothe
XTAL 2input to the main microprocessor U42 pin 3 (ref:
schematic sheet 3, coordinates D7).

Optical Isolator Optical isolation isolates the GPIB
ground from the 178 circuit ground.

Actually there are two optical isolator circuits. One
optical isolator is located on the front panel assembly
andisolates the data received by the I/O microprocessor
from the main microprocessor; it is discussed as part
of the /O microprocessor. The second optical isolator
is the main microprocessor optical isolator located on
the frequency board. It isolates data sent by the 1/O
microprocessor.

The main microprocessor optical isolator circuit (ref:
Frequency Board schematic sheet 3, coordinates D8)
consists of an opticalisolator U40. Serial datais fedinto
the opticalisolator U40 pin 3on the SERI line thatcomes
from the 1/O microprocessor U3 pin 12 (ref: Display/
Logic schematic sheet 1, coordinates C6 and Instrument
schematic sheet 1, coordinates A6) throughU17 pin 12,
J30 pin 15 and J15 pin 15.

Auto Reset The auto reset circuit resets the main
microprocessor to the initial power-on conditions
(ref: table 2-3, step 3). The auto reset circuit is enabled
at power-on or when the auto reset circuit senses an
interrupted flow of data from the /O microprocessor.



The auto reset circuit (ref: Frequency Board schematic
sheet 3 coordinates C8) consists of an oscillator U39,
a counter U38 and control logic U50 and U54.

The following describes the operation of the auto
reset circuit. The microprocessor auto reset circuit
resets the main microprocessor when the power is
turned on, or when the I/O microprocessor senses an
interrupted data flow back to the I/O microprocessor.
The auto reset circuit is enabled by a pulse at U50 pin
4 from the /O microprocessor SERIAL IN U42 to pin
11 that resets the 12 bit counter U38. The counter
begins to count the 400 kHz clock pulses which are
supplied by the oscillator U39. The 12 bit counter
counts 4096 cycles then its output, U38 pin 1, will
switch to a TTL high, which is inverted by U54 to
switch the reset line on the main microprocessor U42
pin 6 low. The reset line is held low while the 12 bit
counter counts another 4096 cycles. On the 4096th
count, the reset line will switch high to reset the main
microprocessor. If the main microprocessor is
satisfactorily reset, the serial input data to the main
microprocessor, which arrives at a 62.5 kHz rate, will
continually reset the 12 bit counter; thus never allow-
ing it to complete its full count (4096). If the main
microprocessor will not reset, a single bit on the serial
line will again cycle the auto reset circuit until a total
of 15 reset cycles have been attempted. At the com-
pletionof the 15th cycle, serial communication between
the two microprocessors wili cease and the display will
read PWR ON-ERR RESTART.

4.8.3 Frequency Control Logic

48.3.1 Overview

The frequency control logic provides the primary tre-
guency data and phase data for the operation of the
frequency synthesizer. It controls operation for single
frequency, sweep frequency, phase shift and output
marker.

The frequency control logic circuitis showninfigures 4-
1, 4-30, and Frequency Board schematic sheet 4.
Figure 4-1 shows the frequency control logic and its
relationship to the other circuits. Figure 4-30 shows all
inputs and outputs, operation and internal data flow of
the frequency control logic circuit.

Input data to the frequency control logic circuit comes
from the data bus (D0-D7) of the main microprocessor
U42 pins 30-37. In addition to the data from the main
microprocessor, the frequency control logic receives
addresses A0-A3 from the address latch U55.

There are four outputs from the frequency control
logic circuit. One output provides data for the divide
by N counter in the frequency synthesizer section (ref:
paragraph 4.2.2). A second output supplies the data
which controls the delay current generator, also
within the frequency synthesizer. A third output pro-
vides the phase accumulator overflow command to
the divide by N counter in the frequency synthesizer.
The fourth output supplies the marker output level to
the marker output BNC. '

Figure 4-30 shows internal sections and data flow of
the frequency control logic circuit. Each IC is shown
controlled by a digital command. The digital com-
mands are described in table 4-4.

4.8.3.2 Input

Data input to the frequency control logic circuit is
from the data bus (D0-D7) of the main
microprocessor. The actual frequency data within the
main microprocessor is a 48 bit (binary) word. The 48
bits of frequency data is fed on the data bus (DO-D7)in
8 bit groups. The data is further reduced from 8 bit
words to 4 bit words by the frequency data multiplexer
U57 and U56 that drives the date input (WRITE DATA
0-3/) to the frequency control logic circuit U70 and
uUe9.

4.8.3.3 Data Flow

The data (figure 4-30) is shifted 4 bits at a time into
Random Access Memories (RAM) U70, U85, U81,
U72, and U80. Next, the data is transferred through
latches U86, U90, U79 to the adders U87, U83 and
u8a2.

The progression of data through the RAMSs, latches,
and adders are controlled by commands (table 4-4)
from two state machines and addresses from the
main microprocessor’s address bus (AD-A3).

The ALU state machine (ref: Frequency Board schematic
sheet 4, coordinates C2) consists of U6, U67, U64 and
U78. This state machine is initiated by the ADD CYCLE
from the divide by N counter in the frequency synthe-
sizer. Itis clocked by the MCLK1and MCLK2from 6.67
MHz clock U59, U60. Its command outputs (STOP,
UPDATE FREQUENCY, MSD TIME, LMARK, LDAC
AND LDBN) control portions of the frequency control
logic. Also, the ALU state machine provides addresses
Ue6 pins 10-13 (AABO-3) that control portions of the
frequency control logic.
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Table 4-4.

Frequency Control Logic Control Commands

Command Function Origin Destination
Enables buffer U58 to feed Memory address Data buffer U58
READFS/ hold frequency data to main decoder U53 pin 11 pin 1 and 19
microprocessor data bus DO - D7 )
WRITE LOAD/ Writes data into RAM when a low. | Memory address Data interface storage

Read data when a high

decoder U53 pin 12

register U7 pin 3

LOAD INCREMENT

Selects either A0 - A3 or

Control state machine

Address selector

AABO - AAB3 addresses U61 pin 10 U68 pin 1
MCLK 1 6.67 MHz clock. 6.67 MHz clock Freguency increment latch
Inverted MCLK/ U59 pin 2 U86 pin 4 and 13

LOAD FREQUENCY/

Enables gate U84 to load
frequency data into frequency
sweep ALU

Control state machine
Uée1 pin 5

Gate U84 pins
4,1,13and 9

Clocks marker output to BNC

ALU state machine

Marker tatch U77 pin 3

LMARKeMCLK/ LMARK U66 pin 4 and
MCLK/ U60 pin 10
Loads 4 most significant MCLK U60 pin 10 and |Frequency latch
MCLK/eLDBN frequency bits into divide ALU state machine U89 pin 11

by N counter

Ué6 pin 2

WRITE MARKER!

Writes marker frequency data into
RAM when fow. Reads marker
frequency data when high

Memory address
decoder U53 pin 13

Marker storage register
U69 pin 3

Writes NEW FREQ data into RAM

UPDATE FREQUENCY

Frequency Control

FREQ CLK when low. Reads frequency data U77 pin 11 and MCLK/ |storage register U81
when high U60 pin 10 pin 3. Frequency hold
storage U72 pin 3
MCLK 2 6.67 MHz clock 6.67 MHz clock Frequency sweep latch
Inverted MCLK/ U59 pin 4 U390 pin 4 and 13
UPDATE Selects either AO - A3 or UPDATE FREQUENCY |Address selector
FREQUENCY AABO - AAB3 addresses U77 pin 11 U71 pin 1

48.3.4 Arithmetic Logic Units -

The frequency control logic circuit contains three
arithmetic logic units (ALU’s). These ALU's process
data from various sections of the frequency control
logic circuit.

The three ALU’s, shown in figure 4-30 and Frequency
Board schematic sheet 2, are the phase accumulator,
frequency sweep and frequency marker ALU's.

Phase Accumulator ALU The phase accumulator
controls the pulse delay generator of the frequency
synthesizer (ref: paragraph 4.3.2). In addition, the
phase accumulator supplies the overflow command
to the programmable divide by N counter (ref:
paragraph 4.3.2).

The phase accumulator, shown in figure 4-30 and
Frequency Board schematic sheet 4, consists of the
phase storage register U80, the frequency storage
register U81, the data latches U79 and UQ0, and the
adder U82.

There are two data inputs to the phase accumulator
U82. One data input comes from the phase storage
register U8Q; the latch U79 provides data isolation
between the adder and the phase storage register.
The second data input comes from the frequency
storage register.

There are two outputs from the phase accumulator
adder. The primary outputs are the 4 data bit lines
(NEWPH 0-3) that drive both the DAC registers U91
and U92, and the phase storage register. The secon-
dary output is the carry output C1 from U82-9 that is
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routed through the DAC register U92 to the program-
mable divide by N counters overflow input of the fre-
quency synthesizer.

The operation of the phase accumulator is simply
adding the contents of two storage registers and
replacing the contents of one register with the sum
from the adder. Figure 4-31 is an example of how the
phase accumulator operates. The contents of the fre-
quency storage register is fixed at 0.125000 in this ex-
ample; this number does not change when operating
in the continuous mode. The contents of the phase
storage register depends upon the operation mode of
the instrument: for most operations the initial phase
data is unimportant, but in order to shift phase (ref:
paragraph 3.8.6) the contents of the phase storage
register must be modified. For this example the initial
phase storage register contents are at 0.222222. In
add cycle 1 the two registers are added together and
the sum is stored in the phase register, thus replacing
the original phase data. The process continues until
add cycle 7, when the phase accumulators adder pro-
duces a carry output (C1) U82-9. Within the adder loop
the carry is dropped and the fractional data is entered
into the phase storage register. The add cycles con-
tinue.

The phase accumulator continuously operates from

power up to power off regardiess of the operating
mode.

Frequency Sweep ALU The frequency sweep ALU
changes the digital frequency data at increments
determined by the main microprocessor. This change
in frequency data results in a change in frequency.

The frequency sweep ALU, shown in figure 4-30 and
Frequency Board schematic sheet 4, consists of the
frequency increment register U85, the frequency stor-
age register U81, the data latches U86, U84 and U90,
and the frequency sweep adder U87.

There are two data inputs to the frequency sweep
ALU. One data input comes from the frequency incre-
ment register U85; the data latch U86 provides data
isolation between the adder and the frequency incre-
ment register. The second data input comes from the
frequency storage register U81; data latches U90 and
U84 provide data isolation between the adder and the
frequency storage register.

The outputs (NEWFREQ 0-3) from the frequency
sweep adder U87 are routed to four different sections
within the frequency control logic circuit. First, the
most significant eight bits are loaded into the latch
U89 that controls the frequency synthesizer's pro-

ADD FREQUENCY

CYCLE  STORAGE
1 125000 +
2 .125000 +
3 125000 +
4 .125000 +
5 .125000 +
6 .125000 +
7 .125000 +
8 .125000 +
9 .125000 +
10 .125000 +

Figure 4-31.
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Example of Phase Accumulator Adder Cycles
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grammable divide by N counter. Second, all 48 fre-
quency bits directly drive one input to the marker
ALU. Third, the 48 frequency bits are loaded into the
frequency storage register U81 that provides data for
the phase accumulator U82. Fourth, the 48 frequency
bits are loaded into the data buffer U72 that routes the
data back through the main microprocessor to the
display, which displays the hold frequency.

The operation of the frequency sweep ALU simply
adds the contents of the frequency increment register
U85 and the frequency storage register U81 at the
frequency sweep adder U87. This sum replaces the
contents originally stored in the frequency storage
register U81. The frequency sweep adder U87 operates
continuously regardless of the instruments operating
mode: continuous frequency. linear sweep or logarithmic
sweep.

How the instrument sweeps is determined by how the
sweep adder processes the increment data. The
following sections describe the process for con-
tinuous frequency, linear sweep and logarithmic
sweep modes.

For continuous frequency, an increment of all zeros is
loaded into the frequency increment register U85.
Therefore, when the frequency increment is added to
the frequency storage data, the sumis unchanged and
the frequency will remain unchanged.

In linear sweep mode, an increment, calculated by the
main microprocessor U42, is stored in the frequency
increment register U85. Every 5 us the increment is
added by U87 to the data stored in the frequency
storage register. The sum is then returned to the fre-
quency storage register U81 for the next cycle, thus
changing the frequency storage data. The data in the
frequency increment register remains unchanged
throughout the sweep cycle.

In logarithmic-sweep, an increment, calculated by the
main microprocessor U42, is stored in the frequency
increment register U85. Every 5us the increment is
added to the data stored in the frequency storage
register. The sum from the adder is returned to the fre-
quency storage register U81. Every 2 ms the main
microprocessor U42 changes the frequency incre-
ment. This continuous changing of the increment data
causes the frequency to sweep at a logarithmic rate.

Marker ALU The marker ALU provides a level change
at the Marker Ouput BNC that indicates when the out-
put frequency equals the selected marker frequency.

The frequency marker ALU, shown in figure 4-25 and
Frequency Board schematic sheet 4, consists of the
frequency sweep adder U87, the frequency marker
storage register U69 and the marker comparator U83.

There are two data inputs to the marker ALU. The first
marker ALU input is the data outputs (NEW FREQ 0-3)
from the frequency sweep adder U87. The second
data input comes from the frequency marker storage
register UB9. The marker storage register U69
receives its input (WRITEDATA 0-3/) through the main
microprocessor U42 from the storage registers U21 and
and U22 (schematic 0103-00-1614 sheet 1) associated
with the I/O microprocessor.

The output from the marker comparator U83-9 is the
carry output C3. From the adder, the carry output is
routed to data latch U88-12. When the data latch U88
is clocked (LMARKeMCLK/)the data input is transferred
to the Marker Out BNC on the rear panel.

The operation of the marker ALU simply compares the
contents of the frequency marker storage register
U69 and the output from the frequency sweep adder
U87. At frequencies less than the selected marker fre-
guency, the carry output will be a TTL low. When the
marker frequency and the output frequency are equal,
there willbe a level transition at the comparator's carry
output. The leveltransition will be either a TTL low to high
if the sweep frequency isincreasing.ora TTL high to low
if the sweep frequency is decreasing. If the sweep fre-
quency is higher than the marker frequency the carry
output is a TTL high.

The marker comparator U83 continuously compares the
output from the frequency sweep adder U87 to the
frequency storage data. As a result, the marker output
will always indicate whether the output frequency is
greater than or less than the selected marker
frequency.

49 POWER SUPPLY

The power supply circuits (ref: schematic 0103-00-0752
sheet 4) consist of five voltage regulators: + 15V, — 15V,
+ 5V referenced to circuit ground and + 44V, +5V
referenced to isolated (1ISO) ground.

All components are located on the output/power sup-
ply board except the power transformer on the rear
panel. All voltage regulators are series regulators
made from discrete components, except the +5 ISO
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supply, which is a single linear regulator VR1 . The voltage
regulators consist of voltage reference sources, opera-
tional amplifiers, series pass transistors and current
limiting circuits.

The primary circuit reference source is a zener diode
CR39 that references the + 15V supply. The + 15V
supply, inturn, is the reference source for the — 15Vand
+ 5V supplies. The isolated reference source is +5V
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linear regulator VR1 that is the reference for the + 44V
ISO and the + 5V ISO supplies.

Each voltage regulator has a current limit stage, which
protects the power supply from overload conditions. In
addition to the current limiting stage, the + 5V regulator
contains an over voltage protection circuit U36and Q51
that protects the circuits connected to the + 5Vline from
voltages over a certain limit.



SECTION

PERFORMANCE VERIFICATION/CALIBRATION

5.1 FACTORY REPAIR

Wavetek maintains a Customer Service department. If
aninstrument is returned to Wavetek for repair or calibra-
tion, a detailed description of the specific problem should
be attached to minimize turn around time.

5.2 PERFORMANCE VERIFICATION

Use this procedure at least once a year to verify instru-
ment performance. If any specification is not met, cali-
brate the entire instrument. Refer to paragraph 5.3.

5.2.1 Required Test Equipment

Table 5-1 lists the equipment recommended to per-
form the performance verification (table 5-2). Substi-
tution of any equipment with equivalent or better ca-
pability is acceptable.

5.2.2 Verification Procedure

Connect the 178 to the ac power source and allow it
to warm up for at least 30 minutes. Use the procedure
in table 5-1 to test the instrument performance.

Table 5-1. Verification Test Equipment

Instrument Suggested Model Comments

Multimeter H-P 3478 A

Universal Counter H-P 5334A

Spectrum Analyzer H-P 8568A

Synthesizer Wavetek 178 1,2,3...,90r 10 MHz, <5 ppm

Oscilloscope
Mainframe
Plug-ins
Dual Trace Amplifier
Dual Time Base
Sampler
50Q Terminator

Tektronix 7904

Tektronix 7A26
Tektronix 7B92A
Tektronix 7S14
Tektronix 011-0129-00
Tektronix 011-0060-02

Bandwidth =250 MHz.

50Q + 0.1%, 2W
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Table 5-2.

Performance Verification

Step Check Tester [Test Point Program Minimum Spec |Maximum Spec
1 |Frequency Accuracy] Counter FUNCOUT |Reset 9.99995 MHz 10.00005 MHz
(Without Option 002) (Use 50Q |FREQ:1E7
2 Termina- [FREQ: 455.55955 | 455.55748 Hz | 500.00245 Hz
3 |Frequency Accuracy tion) FREQ: 1E7 9.9999995MHz | 10.0000005MHz
4 (With Option 002) FREQ: 499.99999 | 499.9999749Hz | 500.0000249Hz
5 |Amplitude Accuracy|Oscilloscope FREQ: 1E3 9.89V 10.11V
Plug-Ins AMPL: 10
6 | 7A13 FUNC: 1 9.79V 10.21V
7 1 7B92A FUNC: 2
8 FUNC:3 9.39V 10.61V
9 Offset Accuracy FUNC: 2 -0.14 0.14
10 FUNC: 1
11 FUNC: 0
12 JAmplitude Resolution] Multimeter AMPL: 2.56 892 mV 918 mV
13 (Vrms) AMPL: 1.28 444 mV 461 mV
14 AMPL: 1.29 447 mV 465 mV
15 AMPL: 1.30 451 mV 468 mV
16 AMPL: 1.32 458 mV 475 mV
17 | AMPL: 1.36 470 mV 490 mV
18 AMPL: 1.44 500 mV 518 mV
19 AMPL: 1.60 556 mV 575 mV
20 AMPL: 1.92 668 mV 690 mV
21 [DC Voltage Accuracy] Multimeter FUNC: 4 9.860V 10.140V
(Vdc) AMPL: 0
OFST: 10.00
22 OFST: -10.00 -10.140V -9.860V
23 OFST: 5.00 4.910V 5.090V
24 OFST: 2.56 2.494V 2.625V
25 OFST: 1.00 0.950V 1.050V
26 OFST: -1.00 -1.050V -0.950V
27 OFST: 0 -40mV +40mV
28 OFST: 1.28 1.227V 1.332V
29 OFST: 1.29 1.23V 1.34V
30 OFST: 1.30 1.24V 1.35V
31 OFST: 1.32 1.26V 1.37V
32 OFST: 1.36 1.30V 1.41V
33 OFST: 1.44 1.38V 1.49V
34 OFST: 1.60 1.54V 1.66V
35 OFST: 1.92 1.86V 1.98V
36 Attenuator FUNC: 4 3.95V 4.05V
Accuracy OFST: 0
AMPL: 4.0
37 AMPL: 0.4 0.386V 0.414V
38 AMPL: 0.04 0.038V 0.042V
39 AMPL 0.004 0.00378V 0.00422V




Table 5-2. Performance Verification (Continued)

Step| Check Tester |Test Point| Program |Minimum SpecIMaximum SpecJ
For steps 40 through 42, record the indicated items at the worst case harmonic (typically the second
or third)

40 Sine Distortion Spectrum | Connect AMPL: 2.82 Fundamental:
Analyzer | rear panel |FREQ: 5kHz to Frequency; kHz
Settings: |"FUNC OUT"|50kHz in 5kHz Amplitude; dBm
State; through X5 |Steps Harmonic:
Preset| atten. to Amplitude; dBm
Atten; analyzer |(Harmonic Amplitude must be at least 55 dBm below
30 dB| "100 Hz- |the Fundamental Amplitude)
41 Ref Level; 1.5 GHz |FREQ: 50kHz to Fundamental:
0dB| INPUT". |300kHz in 50kHz Frequency; kHz
Mixer Level; |Connect Sieps Amplitude; dBm
-30 dBm| front panel |[FREQ: 300kHz to |Harmonic:
Start Freq; ["FUNC OUT"|500kHz in 20kHz Amplitude; dBm
1.2 X Freq.| to analyzer|Steps
Stop Freq; "100 kHz- |(Harmonic Amplitude must be at least 40 dBm below
3.5 X Startf 1.5 GHz [the Fundamental Amplitude)
freq.] INPUT".
42 FUNCOUT |FUNC:0 Fundamental:
(Use 50Q {FREQ: 5MHz to Frequency; kHz
Termina- |50MHz in 5MHz Amplitude; dBm
tion and) |Steps, and at Harmonic:
X5 Atten. |27.5MHz Amplitude; dBm
(Harmonic Amplitude must be at least 30 dBm below
the Fundamental Amplitude)
43 Spurious Level Spectrum FREQ: 1005E3 All spurs at least 44 dBc below
Analyzer fundamental
Settings:
Preset
Ref. Level;
20dB
Span;
20kHz
Center Fregq;
1.005 MHz
44 24.005 MHz FREQ: 24005E3
45 48.005 MHz FREQ: 48005E3
46 |[Rise/Fall Time Oscilloscope FREQ: 6E6 Rise/Fall Time <12ns (Each
(Measured between Plug-In FUNC: 2 transition)
10 and 90% points) 7514 AMPL: 20 Aberrations <5% * 50 mV
and Aberrations (Of peak to peak
voltage)
47 AMPL: 10 Rise/Fall Time <10ns (Each
48 AMPL: 5 transition)

Aberrations

<5% = 50 mV
(Of peak to peak
voltage)

5-3



Table 5-2.

Performance Verification (Continued)

Step Check Tester |[Test Point Program Minimum Spec|Maximum Spec
49 |Trigger Baseline Multimeter | FUNCOUT |FREQ: 200kHz -100mV 100mV
(Without Trigger (vdc) (Use 50Q |AMPL: 10
Input) Termina- |MODE (Main): 1
‘ tion) FUNC: 0
50 MODE (Main): 4 -5.1V -4.9V
51 |Trigger Baseline Counter MODE (Main): 0 199.9kHz 200.1kHz
52 |(With Trigger Input) MODE (Main): 1 10.05kHz 10.15kHz
(Connect 10.1kHz
sine wave to TRIG
IN connector) T
53 | MODE (Main): 2 100.5kHz 101.5kHz
54 MODE (Main): 3 70.35kHz 71.05kHz
BURST Count: 7
55 MODE (Main): 4 10.05kHz 10.15kHz
56 MODE (Main): 5 100.5kHz 101.5kHz
57 MODE (Main): 6 70.35kHz 71.05kHz
BURST Count: 7
58 AM Input Multimeter MODE: 0 Record Results
(Vrms) FUNC: 5 (Should be approximately 5Vp-p)
(Connect 0Vdc to
AM IN connector}
59 Step AM IN from |Record AM IN dc voltage corre-
-3.5Vdc to -2Vdc |sponding to an output voltage of
in 0.1Vdc steps -0.1 to +0.1V
60 Step AM IN from |Record AM IN dc voltage corre-
2Vdc to 3.5Vdc sponding to an output voltage of
in 0.1Vdc steps >2X Step 89 Resuits
61 Calculation Step 91 Results- 4.752V 6.048V
Step 90 Results
62 | Reference Input/ Counter REF OUT Reset 999.993 kHz (No deviation)
Output Signal Source|Connect
Func; Square}Signal
Ampl; 2.5V |Source
Freq; "Function
999.993 kHz|Out" to
63 Signal Source} 178 under 10.00007 MHz | (No deviation)
Freq change [test "REF V
1.000007MHZ IN"
64 Signal Source 9.99993 MHz (No deviation)
Freq change
9.99993 MHz _
65 Signal Source 10.00007MHz (No deviation)

Freq change

10.00007MHZ




Table 5-2. Performance Verification (Continued)
Step Check Tester |Test Point Program Minimum Spec|Maximum Spec
66 Linear Sweep Connect; See SWEEP MODE: 3 -100 mVdc +100 mVdc
Start Voltage/Freq.] SWEEPOUT| "Tester" | Trig. Linear Ramp 9.999 kHz 10.001 kHz
67 Linear Sweep to DMM| column {START FREQ: 4.5 Vdc 5.5 Vdc
Stop Voltage/Freq. 10 kHz| 19.999 kHz 10.001 kHz
68 Log Sweep SYNC OUT STOP FREQ: 9.999 kHz 10.001 kHz
Start Frequency to Counter 20 kHz
69 Log Sweep SWEEP TIME: 19.999 kHz 20.001 kHz
Stop Frequency 0.01
Use "MAN TRIG"
to initiate sweep
70 Sweep Time Counter FUNC OUT Reset 1233.9 ms 1234.1 ms
(Use 50Q |FREQ: 200 kHz
Termina- |AMPL: 25
tion) FUNC: Square
MODE: Trig
TRIG Mode: INT
SWEEP TIME:
1234 ms
71 Sweep Time; 43.205 ms 43.215 ms
43.21 ms
72 Marker/Output Multimeter | MARKER Reset
Status (Vdc) OUT (TTL) |FREQ: 999.99 Hz oV 0.5 Vdc
73 FREQ: 5000.01 Hz 2.5V 5.0V
74 MARKER #: 10 oV 0.5 vdc
MARKER FREQ:
5 kHz
MAIN FREQ:
4.99999 kHz
75 MAIN FREQ: 2.4 Vdc 2.5 Vdc
5.00001 kHz
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5.3 CALIBRATION

Table 5-3 lists the equipment required to perform the
calibration procedures given in table 5-4. Out-of-spec
operation, replacement or repair of the Frequency or
Output/Power Supply board will require complete re-
calibration of the instrument. If the reference board is
repaired or replaced, it may be calibrated by using
steps 6, 7, 8 and 13 without adjustment to the other
boards.

NOTE

The completion of the calibration procedure
returns the instrument to correct alignment.
CALIBRATIONLIMITS AND TOLERANCES ARE
NOT INSTRUMENT SPECIFICATIONS Instru-
ment specifications are given in section 1 of the
standard Model 178 instruction manual.

Periodic calibration of all boards is needed because of
component aging, which depends oninstrument on-time
and environment. Use six months as an initial calibra-
tion period. If possible, keep records of the parameter
values, and modify the time between calibrations if the
records indicate.

Table 5-3.

For access to the board assemblies, remove the six
screws securing the top cover and six screws securing
the bottom cover, then remove the covers. For access
to the shielded portion of the Reference Board, remove
the four screws securing the module cover and lift the
cover off the module. (Ref: chassis drawing sheet 2.)

The VCO, Display Logic, Rear Panel, Stored Setting
boards do not require calibration.

NOTE

1. EXEC (Execute), required to implement
parameter value change, has been omitted
from the calibration procedures. If there is
any question about 178 operation, refer to
section 3.

2. When using the Function Out BNC, it must
be terminated with a 509 load.

5.4 FAN FILTER

The air inlet for the instrument cooling fan contains a
filtering screen that must be cleaned periodically. To
clean, remove the screen retainer and screen (at the rear
of the instrument). Vacuum or wash and dry the screen
as necessary (at least yearly).

Calibration Test Equipment

Instrument

Suggested Model

Comments

Digital Voltmeter Fluke 8520A
Peak Detector
Freguency Counter
Oscilloscope
Main Frame
Plug-Ins
Dual Trace Amplifier
Dual Time Base
Differential Comparator
Sampler
Probe

Tektronix 7904

Tektronix 7A26
Tektronix 7B92
Tektronix 7A13
Tektronix 7S14
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Tektronix 067-0625-00
Hewlett-Packard 5370A

Tektronix P6106

True rms ac option.
>50 MHz 0.00005% accuracy.

Bandwidth 2250 MHz.

X 10




Table 5-3.

Calibration Test Equipment (Continued)

Instrument

Suggested Model Comments

Spectrum Analyzer
Coax-to-BNC Adapter

Load
Attenuator

Reference Frequency Generator

Function Generator

Hewlett-Packard 8568A
Female BNC, 6-inch, 50Q coax cable and
male portion of vertical coax connector for
circuit boards.

502 £0.1% 15W

50Q X 5, 2W

1,2,3...,90r 10 MHz, <5 ppm

1 kHz, 5 Vp-p Triangle

Wavetek 178
Wavetek 182A

Table 5-4.

Calibration Procedure

NOTE: Open column indicates previous entry remains applicable.

Desired
Step Check Tester Cal Point Program Adjust Results Remarks

1 + 15V Supply DVM (dc mode) FB2, TP6 (Gnd) RESET R307 +15 = .01V Use TP6 for

Voltage (Output/Power (Output/ ground.
Supply) Power
Supply)

2 — 15V Supply FB3, TP2 (Gnd) None —15 + 05V Verify

Voltage (Output/Power
Supply)

3 + 5V Supply FB1, TP6 (Gnd) +5.19 = 02V | Verify

Voltage (Output/Power
Supply)

4 +5VISO J8-3 (+5180) +5 + 0.2V Verify
Supply Voltage J8-2 (Gnd) Use J8-2 for
Ground (Output/Power ground.
Reference Supply)

5 + 44V ISO J8-1 (+ 44V +44 = 2V
Supply 1S0O), J8-2 (Gnd)

Voltage (Output/Power
Supply)

6 100 MHz Spectrum Analyzer J3 (Reference After test con- C41and C45 | .7Vpp, Remove cable
Reference Center Freq: Board). Con- nection is made | (Reference spurious from J3 (Ref-
Spurious 100 MHz nected with POWER: ON Board) >65 dBc erence Bd)

Freq Span: 50 MHz | coax-to-BNC and with coax-
adapter. to-BNC
adapter, con-
nect analyzer
to J3.
Display will be
blank.

7 100 MHz C53 (Refer- Level After adjust-
Reference ence Board) >+ 2dBm ment, recon-
Level nect cable to

J3.
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Table 5-4.

Calibration Procedure (Continued)

Desired
Step Check Tester Cal Point Program Adjust Results Remarks
8 Mixer Spectrum Analyzer FUNC OUT FREQ: 49E6 R282 51 MHz 49 MHz, 1Vpp

Spurious Center Freq: (Front Panel (Frequency spurious to sine wave at
50 MHz BNC) Board) minimum FUNC OUT.
Freg Span: S MHz value,
Res BW: 30 kHz (Typically
Sweep Time: 20ms >65 dBc).
Attn: 20 dB
Video BW: 30 kHz

9 Fractional Spectrum Analyzer FREQ: 1.005E6 R134: Adjust spurious

Frequency Center Freq: Coarse to >50 dBc

Spurious 1.005 MHz adjust.
Freq Span: 20 kHz R139: Fine
Res BW: 300 Hz adjust. (Fre-
Sweep Time: 1 sec quency
Attn: 20 dB Board)

10 | 24M Spurious Spectrum Analyzer FREQ: 24.005E6 | R144
Center Freq: : (Frequency
24.005 MHz Board)
11 48M Spurious Spectrum Analyzer FREQ: 48.005E6 | R151

CENTER FREQ: (Frequency
48.005 MHz Board)

12 Pulse Width Oscilloscope with Ui-4 FREQ: 1E6 R25 Display will If in sync,
Adjustment X 10 Probe WWV (Reference (Reference read "'‘REF ““REFERENCE
in Reference Broadcast 1 MHz Board) Board) LOCKED™. LOCKED:; will
Input Circuit Freq Standard. Pulse width display. If not,

Amplitude: 1 Vp-p 70 + 10ns “REFERENCE

Connect ref signal (See figure NOT

to EXT REF IN 5-1). LOCKED'" will
display.

13 Low Fre- Disconnect WWV TP1 and TP7 RESET R41 0 +.002v
guency Mixer Freq Standard. (Gnd). (Output/

Zero DVM (dc mode) (Output Power Power
Supply Board) Supply
Board)

NOTE: Center R279 before performing next step.

14 | DC Offset DVM (dc mode) TP4 and TP8 RESET R271 0 +.002V

DAC Zero (Gnd) (Output/
(Output/Power Power
Supply/Board}) Supply
Board)

15 Power FUNC OUT FUNC:4 R174
Amplifier Zero Front Panel, AMPL: O (Output/

into 50Q Load Power
Supply
Board)

16 Pre-amplifier AMPL: 10 R143 Repeat steps

Zero (Output/ 15 and 16
Power once.
Supply
Board)
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Table 5-4. Calibration Procedure (Continued)
Desired
Step Check Tester Cal Point Program Adjust Results Remarks

17 | Trigger DVM (dc mode) FUNC OUT RESET R17 0 +0.005V
Baseline Front Panel, MODE (Main): 1 | (Frequency
Zero into 50Q Load Board)

18 | DC Voltage RESET R273 +4 +0.004V 50Q Load
level OFFSET: 4 (Output/ required

AMPL: O Power
FUNC:4 Supply
Board)

19 | Voltage Level OFFSET: -4 R279 Split Error After comple-

Balance between tion of this
positive and step, repeat
negative step 18 once.
offset.

20 | Verify Nega- No —4V +.004Vdc | |f desired
tive DC Volt- Adjustments results are not
age Level achieved,

repeat steps
18, 19 and 20.

21 Sine Wave DVM (ac mode, FUNC OUT RESET R4 3.535 Vrms 10Vp-p

Amplitude true rms) Terminate into FREQ: 5E3 (Output/ + 0.01 Vrms Sine Wave
50Q load. AMPL: 10 Power
Supply
Board)

22 | Triangle DVM (dc mode) FUNC: 1 R86 oV £ 10 mV R86 adjusts

Balance FREQ: 1E3 (Output/ offset.
Power
Supply
Board)
23 | Triangle Peaks | Oscilloscope R87 Adjust for
(Output/ sharp peaks.
Power
Supply
Board)
24 | Triangle Oscilloscope with R91 Triangle Triangle is
Amplitude 7A13 Plug-in (Output/ 10 Vpp 10 Vp-p

Power + 20 mV
Supply
Board)

25 Triangle Offset | DVM (dc mode) Verify, oV £ 110 mV if R86 is
Adijust R86 adjusted
if not correct repeat steps

22 through 24.
26 Ramp DVM (ac mode) FUNC: 3 Verify 2.94 Vrms If condition
Amplitude +40 mV cannot be
met, repeat
steps 22
through 25.
27 Ramp Offset DVM (dc mode) Verify 0 +£0.2V
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Table 5-4.

Calibration Procedure (Continued)

5-10

Desired
Step Check Tester Cal Point Program Adjust Results Remarks
28 Square Wave DVM (dc mode) FUNC QUT FUNC: 2 R115 -5 +001V 50 mHz,
Negative Peak Terminate into FREQ: .05 (Output/ 10 Vpp
509 load. Power square wave.
Supply
Board)
29 | Square Wave R121 +5 +£0.01V
Positive Peak (Output/
Power
Supply
Board)
30 | AM Offset DVM (dc mode) RESET. R68 OV +50 mV
{(Modulated) and function FUNC: 5 Amplitude
generator. Function AMPL: 10 Vp-p (Output/
generator output FREQ: 1E5 Power
1 kHz approx. Supply
5 Vp-p (offset Board)
<*5mV), con-
nected to AM IN
BNC.
31 AM Balance Oscilloscope R61 Symmetrical
{Output/ Modulation
Power Enveiope. See
Supply figure 5-2.
Board)
32 | AM Amplitude DVM (ac mode). FREQ: 5E3 R55 1.768 Vrms
Remove 1kHz + 10 mV
sine from AM IN.
33 AM Offset DVM (dc mode) None oV = 110 mV | If condition
(Unmodulated) cannot be
met, repeat
steps 30
through 32.
34 | Wave Sampling Scope FUNC OUT RESET. R292 50 + 1% duty | Adjust R292
Symmetry Terminate with MODE (Sweep): (Frequency cycle for 50% sym.
X5, 50Q 3 Board) at 1 MHz prior
Attenuator. START FREQ: to pressing
1E6 MAN TRIG in
STOP FREQ: step 35.
50E6
TIME: 20
FUNC: 2
AMPL: 8Vpp
35 MAN TRIG No adjust- 50 = 10% Generator is
ment duty cycle sweeping 1 to

50 MHz.




Table 5-4. Calibration Procedure (Continued)
Desired
Step Check Tester Cal Point Program Adjust Results Remarks
36 | Wave Sampling Scope FUNC OUT MAN TRIG R301 50% + 5% Generator fre-
Symmetry Terminate with duty cycle guency is at
X5, 50Q 50 MHz. After
Attenuator. completing
this step,
repeat steps
32 through 34
once.
37 | Square Wave RESET. C98, R198 Rise/Fall time
Rise/Fall Time FREQ: 6E6 (Output/ <10 ns.
and Aberra- FUNC: 2 Power Aberrations
tions AMPLITUDE: Supply <5% of peak
8 Vp-p Supply to peak volt-
Board) age. See figure
5-3.
38 | Sine DVM (dc mode) TP6 and TP2 RESET. R224 + 11V
Amplitude (Gnd) (Frequency +1.5 Vdc
Temperature (Frequency Board)
Compensation Board)
39 | Frequency DVM (dc mode, FUNC OUT FREQ: 5E3 Use tor ¢ oV x2mV Note Refer-
Response 200 mV full scale Terminate with AMPL: 6Vp-p key to adjust ence Level
range) with Peak a X5, 50Q LSB of
Detector. Set up as | Attenuator con- amplitude.
shown in figure nector o Peak
5-4. Detector.
40 FREQ: 501E3 R229 Reading in
(Frequency step 40 +2mV
Board)
4 FREQ: 42. 5E6 C49 (Output/ | Reading in
Power step 40
Supply + 10 mV
Board)
42 FREQ: 500 ES3 None Reading in If bad, refer to
step 40 table 6-5.
+ 30 mV
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Figure 5-3. Aberrations

MODEL 178
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Figure 5-4. Frequency Response Test Setup
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6.1 FACTORY REPAIR

Wavetek maintains a factory repair department for those
customers not possessing the necessary personrel or
test equipment to maintain the instrument. If an instru-
ment is returned to the factory for alignment or repair,
a detailed description of the specific problem should be
attached to minimize turnaround time.

6.2 BEFORE YOU SHART
CAUTION

To prevent damage to components, turn
unit off while removing or replacing com-
ponents, connectors or PC boards.

Since no troubleshooting guide can possibly cover all
the potential problems, the aim of this section is to give
guidance for the most likely problems the user may
encounter.

Table 6-1 lists the symptom recognition tables. These
tables direct the user to the functional area of the instru-
ment for general output problems. Table 6-2 lists tables
that supply voltages, state conditions, and waveforms
for troubleshooting functional parts, and timing diagrams
for several key digital sections.

If you suspect microprocessor or programming
problems internal to the 178, we recommend the instru-
ment be returned to the factory, since software and
certaindigitalinformationare notincludedin this guide.

Table 6-1. General Output Problems

Table Title
6-3 Waveform Problems
6-4 Amplitude Problems
6-5 Amplitude Response Problems
6-6 DC Offset Problems
6-7 Frequency Problems

SECTION
TROUBLESHOOTING

Table 6-2. Voltage and Waveform Tables

Table Title
6-8 + 15V Regulator
6-9 — 15V Regulator
6-10 + 5V Regulator
6-11 + 5V Isolated Regulator
6-12 + 44V lIsolated regulator
6-13 Triangle Converter
6-14 AM Circuit
6-15 Sync and Square Wave Shaper
6-16 Preamplifier
6-17 Binary Attenuator
6-18 Power Amplifier
6-19 Output Attenuator
6-20 DC Offset
6-21 Function Control Logic
6-22 Low Frequency Mixer
6-23 Frequency Reference
6-24 Synthesizer Phase Lock Loop
6-25 Delay Generator
6-26 High Frequency Spurious
Compensation
6-27 Mixer and Buffer Amplifier
6-28 Divide By 100 Counters
6-29 Trigger Slope and Source Control
Logic
6-30 VvCO
6.3 STARTING

When confronted with a problem, initially check the
power supplies (table 6-8 through 6-12). Once the power
supplies are determined to be good, use the appropriate
tables for isolation. This information in conjunction with
circuit descriptions (section 4), schematics (section 7),
and figure 4-1 should be useful in determining most field
problems.
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6.4 TROUBLESHOOTING INDIVIDUAL
COMPONENTS

6.4.1 Transistor

1. A transistor is 'defective if more than one volt is
measured across its base-emitter junction in the
forward direction.

2. A transistor when used as a switch may have a
few volts reverse bias voltage across base emit-
ter junction.

3. |If the collector and emitter voltages are the
same, but the base emitter voltage is less than
500mV forward voltage (or reversed bias), the
transitor is defective.

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

5. In a transistor differential pair (common emitter
stages), either their base voltages are the same
in normal operating condition, or the one with
less forward voltage across its base emitter
junction should be off (no collector current);
otherwise, one of the transistors is defective.

6.4.2 Diode

A diode (except a zener) is defective if there is
greater than one volt (typically 0.7 volt) forward
voltage across it.

6.4.3 Operational Amplifier

1. The "+ and " —"" inputs of an operational
amplifier will have less than 15 mV voltage dif-
ference when operating under normal condi-
tions.

2. When the output of the amplifier is connected to
the *“ =" input (voltage follower connection), the
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output should be the same voltage as the ' + "
input voltage; otherwise, the operational
amplifier is defective.

3. If the output voltage stays at maximum positive,
the ** + " input voltage should be more positive
than “—'' input voltage, or vice versa; other-
wise, the operational amplifier is defective.

6.4.4 FET Transistor

1. No gate current should be drawn by the gate of
an FET transistor. If so, the transistor is defec-
tive.

2. The gate-to-source voltage is always reverse
biased under a normal operating condition; e.g.,
the source voltage is more positive than the gate
voltage for 2N5485, and the source voltage is
more negative than gate voltage for a 2N5462.
Otherwise, the FET is defective.

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

6.4.5 Capacitor

1. Shorted capacitors have zero volts across their
terminals.

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

6.4.6 Digital TTL IC’s (e.g. 7400 Series)

1. The device is operating correctly if the output
high state is > + 2.4V and low state is < +0.5V.

2. The input must show the same two levels as in
step 1. If the levels are between +0.8V and
+ 2.0V, the connection to the driving circuit out-
put is open.



Table 6-3. Waveform Problems

Problem

Probable Cause

Solution

1. No waveform output,
distored waveforms.
SYNC OUT is normal.

Problem is in the preamp, binary
attenuator, power amplifier or output
attenuator.

Reset the generator. Check for 1 kHz sine
output at output of preamp and power
amplifier. Check for proper switching logic
in the binary and output attenuators. See
tables 6-17, 18 and 19.

2. Square waveform
problem only. SYNC
QUT is normal.

Problem is in square wave shaper
circuit.

Check sync and square wave shaper U7,
Q17, CR15, CR16, U21 and associated
circuitry (0103-00-0752 sheet 2). See table
6-15.

3. No square waveform
and SYNC OUT at al!
frequencies.

1. Square wave cable is not properly
connected or square wave amplifier
U36 problem (see problem 9).

2. Square wave level detector is mal-
functioning.

1. Check connector J10 on frequency
board (0103-00-0949 sheet 2).

2. Check level shifting circuitry U117,
Q37, U38, U37, and associated circuitry
(0103-00-0949 sheet 7). See table 6-27.

4. No square waveform

for frequency <500 kHz.

Square divide-by-100 counter
problem.

Check U27, U21, U20, U23, U11, U19, U6
(0103-00-0949 sheet 1). See table 6-28.

5. No sine wave for fre-
guency >500 kHz.

1. High frequency sine wave cable is
not properly connected.

2. Sine wave filter and switch
problem.

1. Check connector and cable at J9, near
mixer buffer amplifier (0103-00-0949 sheet
7).

2. Check L7-L9, C45-C48, (0103-00-0752
sheet 2) and K1 (0103-00-0949 sheet 7).

6. No sine wave for fre-
quency <500 kHz. Also
no triangle wave.

Program frequency to 100 kHz. Check
for 1 MHz signal at E6 and 1.1 MHz at
E8 (0103-00-0752 sheet 1). E8
originates at J12 from U4 (0103-00-
0949 sheet 1).

1.1fno1 MHz, 100 MHz = 100
counter problem.

2.1t 1.1 MHz, variable frequency
-+ 100 counter problem.

3. If otherwise, low frequency (LF)
mixer problem.

1. Check 1 MHz delay circuit (0103-00-
0949 sheet 1). If no output, check the
100 MHz + 100 counter (0103-00-0949
sheet 2). See table 6-28.

2. Check 1.1 MHz output from U3 and U4
(0103-00-0949 sheet 1). If no output check
the variable frequency = 25 counter. See
table 6-28.

3. Check the LF mixer circuit (0103-00-
0752 sheet 1). See table 6-27.

7. Triangle wave
problem.

Triangle converter circuit.

Check triangle converter U8, U9 (0103-00-
0752 sheet 2). See table 6-13.
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Table 6-3. Waveform Problems (Continued)

Problem Probable Cause Solution
8. AM signal problem. AM circuit. Check AM circuit Q9-Q12, U6 (0103-00-
0752 sheet 2). See table 6-14.
8. Waveform cutput does | Waveform selection logic and switch Chieck funciion contiroi iogic and swiiches
not agree with display problem. (0103-00-0752 sheet 2) according to table

6-21.

10. Ramp waveform
excessive overshoot or
retrace.

Q7 or U26 is defective.

Q7 should be on when ramp is selected,
off for other waveforms (0103-00-0752
sheets 1 and 3).

11. Ramp waveform
retrace does not

~ coincide with peak
voltage.

Square wave synchronization logic
malfunction.

Check U10-U13, U18, U20, U22 (0103-00-
0949 sheet 1).

Figure 6-4. Amplitude Problems

Problem

Probable Cause

Solution

1. Amplitude range not
accurate.

Resistor network in output attenuator
is defective.

Check for defect, short circuit or wrong
value components R243-R268 (0103-00-
0752 sheet 3).

2. Amplitude ranging is
not correct.

Relay or control logic in output attenu-
ator is malfunctioning.

Check K4-K10 and the control logic (table
6-19). Check if C110 is shorted.

3. Amplitude accuracy
and resolution problem.

1. Binary attenuator problem.

2. Shorted capacitor.

1. Check switch iogic (table 6-17). Pro-
gram amplitude to 0.00V and check
R152-R157, R159, R160, R162, R163,
R165, R167, R168, R170, R352-R356 with
ohm meter.

2. Check C77, C241 and C242 for short.

4. Sine amplitude at
<kHz too low.

Half of the low frequency mixer is not
functioning.

Check for defective U2, U3, Q5 or Q6
(0103-00-0752 sheet 1). See table 6-22.

Table 6-5. Amplitude Response Problems

Problem

Probable Cause

Solution

1. Excess rolloff at

50 MHz, both sine and
square waves.
(continued on next page)

1. Output amplifier problem.

Check for open capacitor in the power
amplifier (0103-00-0752 sheet 3),
especially C85-C90. Check for defective
C110, C97, C98, R241. See table 6-18.
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Table 6-5. Amplitude Respnse Problems (Continued)

Problem

Probable Cause

Solution

1. Excess rolloff at
50 MHz, both sine
square waves.
(continued)

2. Preamplifier problem.

3. Defective filter components.

4. Defective mixer buffer amplifier.

Check for defective capacitors in preamp,
R133 and R137. See table 6-16.

L7-L9, C45-C48 (0103-00-0752 sheet 3).
Also L4-L6, C135-C138 (0103-00-0949
sheet 7).

Check for defective capacitors in the buf-
fer amplifier (0103-00-0949 sheet 7). See
table 6-27.

2. Excess rolloff at
500 kHz sine wave.

Defective filter.

Check for defective components, L4-L6,
C22-C25 (0103-00-0752 sheet 1). Notch
filter Q7 (0103-00-0752 sheet 1) should not
be on except when ramp waveform is
selected.

Figure 6-6. DC Offset Problems

Problem

Probable Cause

Solution

1. Output offset is not
zero when program
offset to zero.

1. Preamp problem if its output is not
zero.

2. DC offset circuit is malfunctioning
if U29-6 is not zero.

3. Power amplifier problem.

1. Check for defective U10, R143 and the
associated circuit (0103-00-0752 sheet 2).
See table 6-16. :

2. Check for defective U27, U28, U29 and
U30 (0103-00-0752 sheet 3). Check also
the control logic U25, U26 and U27. See
table 6-20.

3. Check for correct dc bias voltage (table
6-18 and 0103-00-0752 sheet 3).

2. Output offset for fre-
quency >500 kHz.

3. Offset gain and resolu-

C141 is defective.

DC offset circuit is malfunctioning.

Replace C141 (0103-00-0949 sheet 7).

Check for defective U27, U28, U29 and

tion problem. control logic (0103-00-0752 sheet 3). See
table 6-20.
Table 6-7. Frequency Problems
Problem Probable Cause Solution

1. Output frequency
locks up.

1. Frequency reference generator
problem if 500 kHz signal is not sent
to U110-13.

2. Synthesizer phase lock loop is
maifunctioning.

1. See table 6-23 and 0103-00-3021 (J2).

2. See table 6-24 and 0103-00-0949
sheet 5.
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Table 6-7. Frequency Problems (Continued)

Problem

Probable Cause

Solution

2. Output frequency
locks up to >50 MHz
if >500 kHz is
programmed.

1. Frequency at U109 <500 kHz.

- U109-12 <+3.9V. U109-4 does not

4. U114-6 voltage is different than
U114-3.

1. Check for defective programmable
+N counter and control logic.

2. Check for defective U109.

3. Check for defective U111 and
associated circuit.

4. Check for defective U114 and
associated circuit.

3. No signal at FUNC
OUT and SYNC OUT at
all frequencies.

1. Power supply is malfunctioning.

2. Frequency reference circuit is
malfunctioning if display is also not lit

up.
3. VCO is not running if signal is not

seen at U93-4 and U93-5 (Frequency
Board schematic sheet 5).

4. No 100 MHz signal is seen at pin 1
of mixer Z1.

5. No 100 MHz signal at pin 8 of Z1 is
seen.

6. Mixer/buffer amplifier is
malfunctioning.

1. Check £15V and +5V supplies for
correct voltage (Output/Power Supply
schematic sheet 4). See tables 6-8, 6-9
and 6-10.

2. Check frequency reference circuit
(Output/Power Supply schematic). See
table 6-23.

3. Open the VCO shield cover and
troubleshoot the VCO (see VCO sche-
matic and table 6-30).

4. Check reference buffer amplifier or
100 MHz filter (table 6-27 and Frequency
Board schematic sheet 7).

5. Check VCO and T1 (Frequency Board
schematic sheet 7).

6. See table 6-27 and Frequency Board
schematic sheet 7.

Table 6-8. +15V Regulator Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 4)

Test Point

Observation

Q36-C

Voltage across R295
CR39, zener voltage
U33-6

Q38C

Q39-B

Q39

R307

+0.6 V.
6.2V £5%.
+3.6V.
+17V.
+15.4V.

+ 15V supply calibration.

+ 18 to + 23 Vdc, with 1 Vp-p signal.

Normally off, on if + 15V supply is overloaded.




Table 6-9. —15V Regulator Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 4)

Test Point Observation
Q43-C — 18 to — 23 Vdc, with 100 mVp-p signal.
Voltage across R302 - 0.6V.
U34-3 , 0 Vdc.
U34-4 — 15V +20 mV normally referenced to and tracks with + 15V supply.
U34-6 —3.6V.
Q41C —17V.
Q44-B —15.5V.
Q39 Normally off, on if — 15V is overloaded.

Table 6-10. +5V Regulator Troubleshooting Information
(Ref: Output’/Power Supply Schematic Sheet 4)

Test Point Observation
Q45-E | +7to + 11 Vdc with 1 Vp-p signal.
U35-6, Q46-B + 0.6 Vdc.
U3s-3, 2 +5.2 Vdc.
Voltage across R313, R314 + 0.2 Vdc.
Q51, U36 + 5V overvoltage protection.

Table 6-11. +5V Isolated Regulator Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 4)

Test Point Observation

VR1-1 +7to + 11 Vdc with 800 mVac relative to programming ground ('7 .

VR1-3 +4.75 to +5.25 Vdc from programming ground 6/ .




Table 6-12. +44V Isolated Regulator Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 4)

Test Point Observation
Q49C +50.5t0 +51 Vdc.
Q50-C + 47 Vdc.
Q50-t + 11 Vdc.
CR48-C + 46 Vdc.

Table 6-13. Triangle Converter Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 2)

Test Condition: Set generator output to 1 kHz triangle waveform.

Test Point " Observation
Junction R84 and R85 1 kHz sine, 1.2 Vp-p.
uUs-6 1 kHz triangle, 2.5 Vp-p.
us-2, 3 oV £40 mV.
ug-4 500 mVp-p, distorted sine.
U138 <0.8V (K3 on).
U13-6 + 5V (K2 off).

Table 6-14. AM Circuit Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 2)

Test Condition: Set generator output to 1 kHz, AM sine.

Test Point Observation
R53, Q9-B 1 kHz sine, 1.2 Vp-p.
U216, 3 + 15V, FET switches on.
u21-11 — 5V, FET switches off (+ 15V, FET switches on if frequency >500 kHz).
U17-12 — 5V, negative supply from CR23 (A3).
U6-10 —-0.7V.
uU6-8 —0.7V.
ue-2, 3 —5Vdc.
U6-5 —9.8 Vvdc.
uUe-1, 4 - 4.3 Vdc.
ue6-6 + 5.2 Vdc swith 600 mVp-p sine.
Ue-12 0 Vdc, into preamp summing junction.
Q11-E, Q12-E 6.7 Vdc with 600 mVp-p sine.
Q10-E +0.7 Vdc.
Q9-E + 0.7 Vdc with 1.2 Vp-p sine.
Junction CR10 and R68 + 8.8 Vdc.
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Table 6-15. Sync and Square Wave Shaper Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 2)

Test Condition: Set generator output to 1 kHz triangle waveform.

Test Point Observation
u7z-7,11,2,8 1 kHz square, ECL level. (ECL Level: High = 4.2V, Low = 3.5V)
yz1-14 + 15V, FET switch on. — 5V if square not selected.
Q14-C, Q15C 0to + 4V square (no external load).
u7-12, 13 1 kHz square ECL, DC if square not selected.
Q16-C 2 Vp-p, 1 kHz square.
U21-13 110 mVp-p square.
Sync ¢ (near U7) —5Vif +1 Vppisselected. +4.5Vif —1Vp-pis selected.

Table 6-16. Preamp Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 2)

Test Condition: Set generator output to 1 kHz sine waveform.

Test Point Observation
Junction of R140 and R141 3.5 Vp-p sine, OV offset (preamp output).
Junction of C59 and C62 0V, (amplifier summing junction).
U18-6 + 15V, otherwise U18 defective.
u18-8 3.5 Vp-p sine, OV offset.
U10-2 +1.2V.
Q18-B +6.5V.
Q19-B —6.5V.
R134 3.6 Vp-p sine, OV offset for dc biasing.
U10, R143 For dc biasing.
C59, C62, C65, C66 Excess rolloff at high frequency if open.
Ce63, Ce4 Square wave peaking if open.
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Table 6-17. Binary Attenuator Troubleshooting Information

(Ref: Output/Power Supply Schematic Sheet 2)

Test Condition: Set output amplitude to 5.12 Vp-p.

Test Point Observation
U15-1 +15V.
Uis-2, 14 —5V.
ute-2, 13,1, 14 —5V.
Uut7-2,13,1,14 - 5V.
u18-1 3.5 Vp-p sine.
U18-16, 9 ov.
u19-8, 16, 1 ov.
U20-16,1,9, 8 ov.

By using a similar procedure, set output amplitude to 2.56 Vp-p or 1.28 Vp-p. In this condition, only U18-16 or U18-9
will show a sine waveform. To check the lower order bits, set output amplitude to 1.27 Vp-p and check for a sine
output from U19-8 to U20-8. The gate voltage at each transistor (SD5000) should be either — 5V or + 15V. If the
voltages are not present, generally it indicates that the gate of the transistor is damaged and the transistor should

NOTE

be replaced. The SD5000 transistor is susceptible to static damage.

Table 6-18. Power Amplifier Troubleshooting Information

(Ref: Output/Power Supply Schematic Sheet 3)

Test Condition: Set generator output to 5 Vp-p, 1 kHz sine, OV offset into 50Q !cad.

Test Point

Observation

FUNC OUT and R241
Junction C85 and C88
U29-6

Q22-B

Q23-B

Q25-B, Q28-E

Q26-B, Q29-E

Q24-B

Q27-B

Q30-E, Q32-E

Q31-E, Q33-E

u22-2

u22-3

U22-10, 13

C91 thru C94, C99, and R212
C203. C204, C110, C97
Most other capacitors

5 Vp-p sine and 0V offset.

0V, summing junction.

0V, because offset is set to OV.
+6 Vdc.

— 6 Vdc.

1.7 Vp-p with + 1.5 Vdc.

1.7 Vp-p with — 1.5 Vdc.

+ 11 Vdc.

— 11 Vdc.

+12.4 Vdc.

—12.4 Vdc.

1.6 Vdc.

+ 6 Vdc.

+8Vdc.

Amplitude flatness problem if defective.
Amplifier unstable if defective.
Slow rise/fall time if defective.
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Table 6-19. Output Attenuator Troubleshooting Information

(Ref: Output/Power Supply Schematic Sheet 3)

Relays (1 = On, 0 = Off)
K10 K4 K5 K6 K7 K8 K9

Pin No. of U31 (1 =High, 0= Low)

Amplitude Int
Range Output|Load| 16 2 12 15 5 6 9
1.00 to 10.00 mV X 0 0 1 0 0 1
10.1 10 100.0 mV X 0 0 1 0 1 0
100.1 to 1000 mV IN X 0 1 0 0 1 0
ON
1.01 10 10.00 V X 1 0 0 1 0 1
10.02 to 20.00 V ouT X 1 0 0 1 0 0
50Q to Gnd IN X 0 0 1 1 0 0
_ OFF
Open Circuit ouT X 0 0 1 0 0 0
Front Output 0 X X X X X X
Rear Output 1 X X X X X X
Table 6-20. DC Offset Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 3)
Test Condition: Set output amplitude to 1.01 Vp-p.
Programmed U27 Pin At High State U28-6 U29-6
DC Offset Voltage | Voltage
+2.56V 13 +3.8 +3.8
+1.28V 12 +2 +2
+0.64V 11 +1 +1
+0.48V 10, 9 +0.7 +0.7
+0.155V 8,7,6,5,4 +0.2 +0.2
ov None 0 0
—2.56V 12,13 +3.8 -3.8




Table 6-21. Function Control Logic Troubleshooting Information

Output/Power Supply Board Frequency Board Schematic
Schematic Sheet 2 Sheet 1 Sheet 2
Pin No. of U11 Pin No.
of
12 2 15 5 9 6 us
Pin No. of U21 .
ii 8 i4 3 s 2 Pin No. of U36 (ECL
Levels: High=4.2V,
Relay (1 = On 0 = Off) Low =3.5V)
Waveform Frequency K1 K2 K3 K1 5 2 3 14 9
Sine >500kHz| 0 0 0 0 0 1 O 0 1 1 obc L
<500kHz| 0 0 0 1 0 O O 00 0 1 T DC "L
Triangle <500kHz| 0 0 0 0 1 0 O 00 o1 L bc "L
Square >500kHz| 0 0 1 0 0 0 O 0 1 1 0 bc 'L L
<500kHz| 0 0 1 0 0 0 O 0 0 0 1 T, DC T,
Ramp <20kHz | 0 0 0 0 1 0 O 10 o1 L bc L
DC 000 00O 0O 00 o1 b o "L
AM >500kHz | 1 0 0 0 0 O 1 0 1 1 0 oc 'L L
(~) <500kHz | 0 1 0 0 0 O 1 00 01 "L bC L

Table 6-22. Low Frequency Mixer Troubleshooting Information (Ref: Output/Power Supply Schematic Sheet 1)

Test Condition: Program the instrument to reset condition.

Test Point Observation

E6 at R1 1 MHz TTL.

Q2-E 1 MHz, 2 Vp-p. /\/\/

Ui1-6 1 MHz sine, 1.2 Vp-p.

U1-1, 8 1 MHz sine, 1 to 1.5 Vp-p, + 4V Offset.

u2-6, U3-6 1 MHz sine, 1 to 1.5 Vp-p.

E8 at CR3 1.001 MHz TTL.

Q3-C, Q4C + 10V to — 0.5V square.

Junction of R32 and R33 —7.5Vdc.

Q5-S 1.2 Vp-p signal.

Us-3 1 kHz, 500 mVp-p sine.

Q8-E 1 kHz, 1.2 Vp-p sine.

Ramp 1 (near Q7) < 0.8V if sine or triangle are selected.
>2V if ramp is selected.
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Table 6-23.

Frequency Reference Troubleshooting Information
(Ref: Reference Board Schematic)

NOTE: Use X10 probe with short ground clip.

Test Point

Observation

A. Without EXT REF signal.

Q2-C
Q1-S
u7-8
us-9
u6-9
E3 at C38
U9-1
Q4-S
U4-6, U4-7
U4-3
Q5-S
Q6-C

B. Apply 10 MHz signal to EXT REF IN.

uUs-11
Ué-5
ui-4
u1-5
u7-8
us-2
U3-6
U2-13, 2

10 MHz TTL level.

10 MHz, 2 Vp-p.

>3V if no EXT REF signal.

1 MHz TTL.

500 kHz TTL.

10 MHz 1.5 Vp-p sine.

10 MHz =10 ns positive pulse.
50 MHz =800 mVp-p.

50 MHz ECL. (ECL Level: High=4.2V, Low = 3.5)
100 MHz ECL.

100 MHz =250 mVp-p.

100 MHz =2 Vp-p.

10 MHz TTL.

1 MHz 30 ns pulse.

1 MHz 930 ns pulse.

Low if REF locked. Pulses if REF not locked.
< 0.8V if EXT REF signal present.

1.5V

110 +12V.

Mostly high with 930 ns pulse when phase locked.
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Table 6-24.

Synthesizer Phase Lock Loop Troubleshooting Information
(Ref: Frequency Board Schematic Sheet 5)

Test Condition: Program output frequency to 10.0 MHz

Test Point Observation
U110-13 500 kHz ECL reference signal. (ECL Level: High =4.2V, Low =3.5V)
U934, 5, 6, 15 110 MHz ECL.
U94-2, 3 55 MHz ECL.
Uos-14 500 kHz, 10 ns negative pulses.
ug7-11 Pulses, but always < + 3.9V.
U94-15, 14 500 kHz, 10 ns pulses.

U95-6,11,13, U96-5,6,12,13
U95-5,12 U96-11

U98-14, U99-3, 6

Q1o0C

u109-4

u109-12

U111-3, 2

uU111-6

U114-6

U103-6

> + 3.5V frequency programming input.
< + 3.5V frequency programming input.
500 kHz, 290 ns pulse width.

500 kHz, TTL, 290 ns pulse width.

< + 3.9V with puise <10 ns.

> + 3.9V, with pulse >10 ns.

+3.9V.

> +2V but < +10V.

> +2V but < +10V.

>0V but < +14V.
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Table 6-25. Delay Generator Troubleshooting Information
(Ref: Frequency Board Schematic Sheet 6)

Test Condition: Program generator frequency to 10.0 MHz.

Test Point Observation
Q24-B, Q25-B 500 kHz, 290 ns complementary pulses.
Q27-B, E 500 kHz pulse, see the following timing d-iagram.
ut12-2, 3 — 0.8V, amplifier summing junction.
ut12-6 ov.
Q20-E +6.7V.
Q23-E -6.7V.
Q26-E Triggered ramp waveform.
U113-10, 13 500 kHz pulses.
U113-16 —8V.
U113-2, 6 500 kHz, 0.7V pulses, + 4.5V offset.
U102-6 +8.5 Vdc.
u102-9 0to —1V. (Also see U102-9 under second test condition.)
U107-2 0 Vdc.
U107-6 0to +5V.
Q18-D — 8.7V offset. (Also see Q18-D under second test condition.)
U104-2, 3 +8.5V.
Q15-E + 3V approximately.
Q19-E —9V.
Q16-S — 5V approximately.
Q27-E [—__r
C105 I
LI
Q26-E LN
U113-4 __/_\_
U113-10 o
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Table 6-25. Delay Generator Troubleshooting Information (Continued)

Test Condition: Program generator to 1.005 MHz

Test Point Observation

U102-9 NSNS 600 mv ramp signal.

Q18-D — 8.7 Vdc approximately.

* Use Tektronics x 10 scope probe, P6075A, and a short ground lead to examine
this signal. Synchronize scope to TP1 (anode side at CR21) Ref: Frequency Board
Schematic sheet 5, coordinates AS5.

Table 6-26. High Frequency Compensation Circuit Troubleshooting Information
(Ref: Frequency Board Schematic Sheet 6)

Test Conditions: Sweep Start Frequency 500 kHz.
Sweep Stop Frequency 50 MHz.
Sweep Mode Continuous.
Sweep Time .02 sec

Test Point Observation
SWP OUT e
1
U105-10, 8 ——
U105-14 B
A
Q13-D a

NOTE: The slope of segments a and b of Q13-D are adjustable independently by adjusting the pots R144 and R151.

P
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Table 6-27. Mixer and Buffer Amplifier Troubleshooting Information
(Ref: Frequency Board Schematic Sheet 7)
Test Conditions: Program output frequency to 1 MHz.

Test Point Observation*
u115-5, 2, 3 100 MHz, ECL.
U115-14, 15 100 MHz, ECL.
Q31-E +7.5V.
Q33-C 100 MHz, 400 mVp-p.

J17-3 (On VCO Board)
Junction of L6 and C138
Q34-E, Q35-E, Q36-E
Q39-C

Q40-C

Q41C

U117-6

Ut16-6
Q37-C, Q38-C
U37-2, 14,15

Q29-C

101 MHz, 6 Vp-p.

1 MHz, 40-50 mVp-p.

+11V.

1 MHz 150 mVp-p, with + 10 Vdc.
1 MHz 450 mVp-p, with +10 Vdc.
1 MHz 1.2 Vp-p, with +5 Vdc.

0 Vdc (sine, 100 times the output frequency if 1 kHz
or lower frequency is programmed).

+12.2 Vdc approximately.
1 MHz, 0.7 Vp-p with 3.9 Vdc.
1 MHz, ECL.

1 MHz, TTL.

*Use Tektronics X10 scope probe, P6075A, and a short ground lead to examine these high frequency signals.
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Table 6-28. Divide-by-100 Counters Troubleshooting Information
(Ref: Frequency Board Schematic Sheets 1 and 2)

Test Condition: Program generator frequency to 200 kHz, continuous.

Test Point Observation
U284, 5, 2 100 MHz, ECL. (ECL Level; High=4.2V, Low=3.5V))
Uz8-9, 6, U252 > + 3.9V,
u28-7, U32-2 < +3.9Vv.

U29-15, U30-3, 14
U2s5-2, 14, U24-2, 3
u118-2, U18-10, 8
U1-5,6,8,9
u31-7, 3

U32-15, U33-3, 14

u26-2, 14, U24-14, 15

20 MHz, ECL, unsymmetrical.
4 MHz, ECL, unsymmetrical.
4 MHz, TTL.

1 MHz, TTL, symmetrical.
120 MHz, ECL.

24 MHz, ECL, unsymmetrical.

4.8 MHz, ECL, unsymmetrical.

u118-7, U3-3 4.8 MHz, TTL.
U35, 6,8, 9 1.2 MHz, TTL, symmetrical.
U4-5 1.2 MHz, TTL.
u18-1, 2 1 MHz.
u18-3 2 MHz.
U35-4 2 MHz, adjustable pulse width by R17.
U34-5 1 MHz, TTL, symmetrical.
Test Conditions: Generator frequency 200 kHz, trigger mode without triggering signal.
U28-9, 6, U29-2 < +3.9V.
U28-7, U32-2 >+ 3.9V.

U29, U30, U25, U18
U31-7, 3

U32-15, U33-3, 14
U26-2, 14, U24-14, 15
U118-7, U3-3

U35, 6, 8,9

U4-5

Same as above.

100 MHz, ECL. (ECL Level: High 4.2V, Low =3.5V.)

20 MHz, ECL.
4 MHz, ECL.
4 MHz, TTL.
1 MHz, TTL.
1 MHz.
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Table 6-29. Trigger Slope and Trigger Source Control Logic Troubleshooting Information

(Ref: Frequency Board Schematic Sheet 1)

Test Conditions

Test Point

Observation

1. Trigger Slope Positive

2. Trigger Slope Negative

3. External Trigger Source

4. Internal Trigger Source

Us-16
u7z-2
u7-3

Us-16
ur-2
u7-3

Us-19
U169
uti6-8
U1i6-6
U16-12
us-12

Us-19
uie-9
uie-8
us-12
u16-6
U16-12

L
L
Invert of U9-13

H
H
Same phase as U9-13

T TrTITITrr—

rigger Signal

IrITxT

Internal trigger signal
Internal trigger signal

NOTE: See also Figure 4-12 for trigger mode timing diagram.

Table 6-30.

VCO Troubleshooting Information
(Ref: VCO Board Schematic)

Test Condition: Program 10 MHz sine wave. Use high impedance probe with short ground lead.

Problem

Probable Cause

Solution

1. No waveform at P17-2, 3
(VCO output)

2. No sine wave at Q2-C.

3. No sine wave at Q2-B.

4. VCO freguency unstable.

Problem may be in output buffer
amplifier or voltage controlled
oscillator.

Q2 may be defective if sine wave
is not present.

Problem may be in voltage
controlled oscillator.

Problem may be caused by L2.

Check VCO pins at P16
and P17 for proper connection.

Check for 2 Vp-p sine wave signal
and —7 Vdc offset at Q2-B, Check
L5 for open coil.

Check for 4 Vp-p sine wave at

the junction of R5 and C10 and
—8 Vdc at Q1-G, Q1 may be bad
otherwise check for shorted
varactor diodes CR1 through CR6,
check L1, L2, L4.

Check L2 for 11 turn ratio and that it i
held down as close to ground as poss
ble.
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7.1 DRAWINGS

The following assembly drawings, parts lists and
schematics are in the arrangement shown below.

7.2 ERRATA

Under Wavetek’s product improvement program, the
latest electronic designs and circuits are incorporated
into each Wavetek instrument as quickly as development
and testing permit. Because of the time needed to com-
pose and printinstruction manuals, it is not always possi-
ble to include the most recent changes in the initial
printing. Whenever this occurs, errata pages are
prepared to summarize the changes made and are
inserted in the shipping carton with this manual. If no
such pages exist, the manual is correct as printed.

DRAWING
Instrument Schematic

Display/Logic Schematic
Display/Logic Assembly
Display/Logic Parts List

Reference Schematic
Reference Assembly
Reference Piggyback Assembly
Reference Parts List

VCO Schematic
VCO Assembly
VCO Parts List

Frequency Generator Schematic
Frequency Generator Assembly
Freguency Generator Parts List

Output/Power Supply Schematic
Output/Power Supply Assembly
Output/Power Supply Parts List

Rear Panel Schematic
Rear Panel Assembly
Rear Panel Parts List

GPIB Decoder Assembly and Parts List

SECTION
PARTS AND SCHEMATICS

7.3 ORDERING PARTS

When ordering spare parts, please specify part number,
circuit reference, next higher assembly and unit serial
number.

NOTE

An assembly drawing number is not
necessarily the assembly part number.
However, the assembly parts list number is
the assembly part number.

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

DRAWING NUMBER
0004-00-0168

0103-00-1378
1100-00-1378
1100-00-1378

0103-00-3021
1100-00-3021
0101-00-3021
1100-00-3021

0103-00-2642
1208-00-2642
1208-00-2642

1104-00-3397
1101-00-3397
1100-00-3397

0103-00-0752
1100-00-0752
1100-00-0752

0103-00-0814
0102-00-0814
1101-00-0814

0101-00-0865
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7-2

DRAWING

Front Panel Assembly
Front Panel Parts List

Chassis Assembly
Chassis Parts List

Stored Settings Installation
Stored Settings Schematic
Stored Settings Assembly
Stored Settings Parts List

DRAWING NUMBER

0102-00-0892
1101-00-0892

0102-00-0812
1101-00-0812

0002-00-0169
0103-00-0822
1100-00-0822
1100-00-0822



. 2 1
4 ; 3
o / © ‘ 2 * .

REV ECN BY OATE ApP
— e ) = N A
A HETOS S o é,(‘ |
i ACEEYE) P e [ e
—— Wall 0|38 /=
; (=1 £ 7Sy Func| [Bvne) [Rer Trer C | ECN 9204 2
s poeteur coutans morerany weon, TRIG [ MaRhER [AM] ’?,’;;}f’v’f,ff.ﬂé“i%—fa) ’ XEMR DOW l !_n’"! | o [Ech7aasa 7. ot 22
HAVETER A0 WY NOT o RrnoBLeE O sy i @ W_| LN (azy - J20 02l JPE 523 —
ﬁfﬁ??uf&‘f?vznﬁéur WRITTEN AUTHORIZATION. J24  JPs 27 Jse 3o @C "_8};[_5_ _ALE/Q_ES_S_— 5 "% 3 5 O/, !
I —. Q T] ! SELECTOR SWITCU C/TT/TT/T TJT !
F-1----) £44E45 e l
R [ P N TR S S — _
I e —————— e e T@l Vol ul o P/éc«cogr\\\s'l“ﬂ'ﬂ\rE"?“QNQ J
NSNNININREE 19 TRy f |
m R SR R NN L\nmsrqﬁvﬁtn':GQ'\E“O&"‘&QN\N\N]’_________-_---—\J
g > N\ 2 < xb‘\\qjgg Q Q\E'Jl{]s -r: ) ___‘_:__I____I__-—‘-——————i‘——o_7————~———-~—-—"
N [ N S N §§§22 A 29 3 T R R 0 O O
N--l----F SNR e T ‘
(4?_\%)— _o _\Dl'? - AT LT EE - W
POWE(R5W/TCN Lndl I B e — d q |
— r q L (\mmvm\ot\anD4 a e
Q0=0 0 Q E5 E3Ea
O O=mOmmm0 l—, _ M=5eie2223< 8 1
£32£31 £35  Ea0dar), 500Kkz -50Miz W12 OFI0 7
Jo |89 T o |
"L7RIGGER wil —OFiM £18
. J10 22 N L o&5 |
- L ) £/9
J40 P33 J38 . ! MHzZ o F6
| e e o g1 {5 , Lof7 £lo REFERENCE
A7 p - Hz IV w o
i enp ] 2 FREQUENCY GENERATOR BD iz é /-1.5 MHzZ £ £7 BoARD
| e (FyN//cgggo-ssw ) — +Sv/ 2 J37 - (/N 1100-00-3021)
Al3
= ¢ Ejjc -, BDP W28 A (BN 1100-00-3022
s & 7 5, : FOR 002 OPTION)
2
L AN, " I_Bp2 3 UTRPUT / POWER
s s z I _BD3 7 g‘UPPLY/BOA/?D (45
2TORED) igno |/ 5 L B804 21 leni00-00-0752)
SETTINGS 11 AS 1y o (-] 7 (,44)
ARD 1 GND |5 1 _BDo 7
50 A8 7 I_BD7 8
/(opogoo/\gogm TP A & LL Bor e .
(/N 100-00- L1087 1 9 T OF5T LT LOCKSEN.
(A9) LU GND |4q /0 : | OFST LO ;? J7 E2&8 S>> wWic <Ez
s 20 Ji3 1 AMPL )2
oy 2 ] 2 T wavE B -
N2 et 3 I 1 w~NC. 12
" 1 DBZ |5, 4 LOCKSENSE /5
L1 OND 155 JITPI7 5 5V 1%
' ) DB3 [ 73 GND 15
o7 A VCO BOARD 7 T enD i
t g’g’? gg (N 1208-00-2642) ;i | : II:IIE /29020 o W2 I=Y2 7
I LG T N
l ST 3 7 BT ssy el L = £22 01 Sare [ 2
TGND 135 PlelJio ore GND 1 2z PR S - S R 4
34 ) ROW |54 |34 9 =5V 1 33 E27o  tHovr 1 | I
4 <7 ? ? I51 : 2la ' <’ B
l f 2 GND [} 717 Ejol |
+5y IS0 [} 8 ls
CHASSIS AS5Sy 3(3 750 GND 11 9le {
I' (v 12(06-)00_|318 ) f ? +44VISO . 1010 Je éﬁ 3 —
Al : - —d ﬁ P ‘
£38 500 KHz w3 © \>}d ,
JI5 , gg 100 MHZ IN wis Vﬁf[ > ' N o o g g q )
SQagRS Ty~ Q N S qQ
—— _————— o 5 (3] ol o Eq”é‘%%%%\% %\G\%\
N O A L ] U 0 (\J \ Q
-+ ' < NN NIV (Y] INIR SIS NN '
— S %o%’838@535%%33@3gggt%%a%%aazaags%zaaug -
, 0032%2“33@* = §EEBEHQQQQJQQ\JQ\,?\,N\]VIQ‘(\JV)\A"INNNNTNYNYNYNVQ |
rev | £co ae. BY | BATE |APFR EN nnwggém% o i
3 o, AN QIO I SNgoQ
£ # G080 o5k Blu in|la|v|V|fy S Or— «m(O = QUMY OY~VIQ~NM Y
F [Fea- 272 8G |52s8| {4 NE F[HNNIN A — — __-r/vcour J34  J33[Fonc out) ngf\mnvmm\m09\8’;’8&QQS‘ENNNNNNNNNN'«mnmhmnnm«;g ]
©_LECo" 01-263 1™ J36 J35 (02N YU¥NAIRowrvuwnNy p30 J29[< 1
leElE NES L =
LT TEST COMNECTOR DISPLAY/ LOGIC BD |
(P/N //00’00‘2958) I —
(n8) X
| reonr v | 7555 VWAAVETEK .o oo A
PANEL 4 Ve-gzdTiITiE .
sy I SCHEMAT/C -
(A2) o?:]znwu SPECIFIED CABLE RODUTING
l WAVETEK PROCESS oo ANGLES:) ~ -
DO NOT SCALE DWG | MODEL No. DWG No. -
— — SCALE 178 0004‘00-0/68 'G
— — TODE 23338 SHEET / OF
NOTE: UNLESS OTHERWISE SPICIFIED R
DRl

: T ' 2 : , 1
- 6 | 5 4 ; -4 3 |
8 . |




[«

THIS DOCUMENT CONTAINS PROPRIETARY INFOR-

MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

DY .
o :
t 1 :
1 M 1
1 ! :
v \
1 i . P
P T -
P e
' N e
L L
W26
FIEOM TRANS FORMER
(REAR PANEL)

w7z wiz

NOTE: CABLE
INDICATL S
REF DESIENATCR (TYP)

MARKER

\
\
~

m
B~ 1

AEOCERPTATLE

POUTE W27, WIS, AND Wik AS SHOWN
THRU CABLE CLAMRS 7VYR 3 PLCS.

W27 (GPIB CABLE)

MOTE
RC. BOARD.

W5, 70 U39 FREQ BD.

A’OP(/T//VG OF W18 THRY

Wik, BLK TC E34 FREQ. BD.
WHT 70 £33 FREQ. BD. 1

(]

ECN l BY IDAYEI APP

[ ]

2

|’
: REMOVE ALL BURRS TorRawn DATE
1 AND BREAK SHARP £0GES |.D. COOPER  [94660)]
; T ED, i s fR P TITLE
. ! M INSTRUMENT SCHEMATIC
L THIS DRAWING 17 INTENOLL 10 e R TOLERANCE UNLESS AND
THE CABLE [N TALL ATIon A - | en e, CABLE ROUTING
ALERGX., <AL E &K Tin - XXX 1 010
NOTE UNLESS OTHERWISE SPECIFIED SCADL(: NOT SCALE DWG  |MopeL no DWG NO n(vG
/78 OO0 - O0-0/te &
- 23338 SweeT 2 of 2
ST ST

1




. _/ = !
A o4 3 ! - |
8 7 \ b f 3 * REV ECN BY | DATE| Aep
£ (C|B4,B5,2C7,3D7,3D4) B 7002, 7131 | Ro E178 floy
' : C i 8259 ek
THIS DOCUMENT CONTAINS PROPRIETARY INFOR- ) 7’[37’ +5I TP516‘7 i o '5 L 77k
WAVETEK AND MAY NOT BE REPRODUCED FDR ANY P # CONTROL CIPCUIT OPTION Vet 508 (7o) (D #9007 T o
REASON EXCEPT CALIBRATION, OPERATION, AND == 1 /4 @ [
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. L C5 7 2! i 3 |
2y | Ve veesTEY [ 026 P ——— BE(D174,263) | 47 7EST CONN.
IQ ¥ e ol +5I +57 J32- D
D ! 2 XTALI %gfzz ‘fOZKS |20 2 h2 >+51
+57 ! _L i R/W g% RANC1,84,86,3C43CT ;| 79£8373 (% »53 ;jgg
. | AS 6 7 = :
viQ Las ) vs = 7 Ssps5
o 37 3 2_inep 054 S 5 Sana
1507/( R6 _ EXTALZ 533? &7 j}g,ﬂ _ 4 8,0 gloz/w/?/ - 9 >-an/
sp 402K c3 D032 A2 | Hook-uP 15 _Z_ D2 G2(5—ADR? L= 11 S—up3
a4 py3[84__ 4p5\7vAicaL - To —2103  03Z—ADR3 (c6) — 12 >-xcLk
sov e P34 |33 AD4 /THAT oFuial _13lpg g e ADRY —> I3 >-AD2
Mz Cik —— p35192___ 4ps5| pisanoveo | _ldips g5 o ADRS Y
FTURMS ~ vz P37 a7 o A e . ;};g >>:AR?P€ I
(BRA) ) ‘ oF F——————— -
L 4570 MODE | (C5)  —> 17 >-4DR8
= 457 (WHI‘,i ggLT%NTION+ i ¥ MC6803 10 ! l ch 3 /g &Ngéﬂ;
’ CRY 129 _ - . | C / A
%R0 urr _)5!_ ¥ be 128~ 45RS %’%ﬁ-’sﬁsg) | ! (05 —>20 >As
. ook 2 3 8 30%5%) K 6 baz gZ ADEI? ;C;BB;A-;;?)) | —> 21 >—-ADRI5
,304) . 1 (L],
’{ T e e | | 5) 4 322 a0k
N . N
Ya cD4093BE , CRI oo R17 gggr&ﬁgemfc ’M,csg | TRANSCEIVER INTERFACE — 26 >-A4DRI
Leso | - P47 [E2— ADRI5 ChAdC5 | GFIB BUS TR I (B8) —>27 >XMIT
G 8/s0v ! 8\ p2g INEDG p 3 kour a) | (SEE SHT Z0F 3) ! (c5) — 28 »ADRi2 C
YaLsos (204 ! o PI L koUT ! (246 | l (c6) — 29 >-REC
: 8 9 L ——P2IOLVL  pip 15 pouTZ §2A65§ I (C5) —> 30 >-ADRI3
&5 o Cacicon PREXak Bid tif— kINg }(2 88) | | €n —>32 >35vR
74 £33 %57 Plo S KINZ | . —33,34>—150 GND
pI7 BEEP(243) T |
| l
P23(REC)
REC sI | |
(ch2a) % I
4 | ,
/e LS04 =5 +51 U 1-40 -
//2 3 i RQ | (587,384 ' J30— <
J SERI P24CmIT) |
RF  cp 13 G l (0D — | >—amuz ciw
e 1 /Sov /2S00 T vss | ] =25 bq
J ©n ! arsoo A — 2 > gy L
n° 97 Y41 500 b e e L
An (02E_! —> 4 >— pg .
e N3 — 5 >—+a4viso
4 7 p— WRE/ e
PROGRAM / MEMORY ‘ 76 1304 R I S 65150 aun
(DS)R/W 1 +5T o35 R36R37 —> 7 >— 150 anp B
- o) elle 16 R38 — & > 150 eND _
'B (1€ U15 NOTLORDED) = vee 1K) > 9% >—+5 iso ]
‘ ez & E-24ag ol GPIB/ (3C7,3C4) 1o 180 i
40RY 15140 (04) ADR@%M ﬁgg? 24 va mg){@/W—e‘—A/ + ozt 1 SEG CK/ (2C6) 210 >—+s K
ADRT —Fa1 T ADR]g1ar U20 DRz &laz | 1/0l% Apo ADRILlaz ' 03[0 22—+ so =
. ADR2 ~§A2 M ADR2—7-AZ e ADR3 -’5—A3TI/O€-LO—/’D/ AD,Q4A_,A3 04 9 9 IZ>——+5 iso "
i )d ADR3 —L1a3 -y 00 ADP1 ADR3-Z1A3 + oprS- ADJ 90pa Al 1fo3lL4D2  ADRS5—3as 1
' (044 2ppg Elaa | ollZ'ap) ) 4DRd—Eaa o1 = 4py DR 2las ToaEanS oei 2lit 213> 1o e |,
ADRS -21a5  02{13 4Dz 4ADR5 Zias o2|;% AD2 A0Re 2ae  TosEapi  aoseTlae S5 so e |1
ADRG-S1#6  O3Z AD3| ADRG-ise 0313 4D3 a7 106l pps  apRs <27 ;
ADR7 =21 a7 0aHé. aD2) ADR7-2la7  o02Ulé 4Dz ADRT EAS Ijo7HE ADG (36) . —> 15 >— SEA I
4pR9Sane oAb MkoSae  olig b i0e5 2 ToallrAsy R oL
24 oefl8. 4 i ]
: €5): ﬁg’g%ﬁﬁ, o2 AD7 JI ADRip-2L 2l o7é—f3 AD7 ADR'Ongé‘go (GS)‘ngggﬁcq 2?2 us ) == >—EXTUART Q.KJ:
—{s. <L -DI6ITAL GND. ADRI1 a1 Al ram/—[20] 5% N -
- =LAl ==
' & =Is0 6ND ; cE £s 5 £ 2b1-apr13 2l 2% 5 +57 S 19 >—45v 1
8. ' (A3) romy/ L22doe T (a3)rowe/ (22 (8) —z0)>—sero
4 +5I R39 7
. |B SiPs 4 +57 e 1Ko SR40SR42 .
g;’;/O/g’/(( 57 +51I vee . 1M S14(3) -
= 5 o1 ROM |/ (B7, -
R43=15K (0S) BE —48 _ o/l BOME/(B7)
R47=/0K ydvys 03&A/C
©. REF DEGS NOTUSED:RLR2,R3|- R34, R4! —5{as o ? RAM/AS ———
3. jLLLL gg;é%?ﬁjé?fﬁ énggt £B! FB2 FB3 e Z}Ag Bsnedk s ooes| R A st 5;3/54 WWAVETEK .o ovocovom A
. ' : +a4yv C5) 1ADR/4 1514¢ 1 fany,: 78 oy [TrTLE .
A3 Drooes e oy +5g// BazeTueu 43, VR T Tes v —c%’r_fcmmgeo ARl = Enl 2o SCHEMATIC : 1
. 2."1'=WU/VTED ON SOCKET. . /Ocolg/ + '? o 45,47 ’ -‘OoAbV ) y 4? // e 13 CEl t;?:téf;mscssl;:é‘issm DISRPLAY AND KEYBOARD "-'.
I PARTIAL REEERENCE DESIGNATORS (24 0/ t{ S0V 50VT_T S0v 14 e s ua FINISH L mocEsS 00 AnGLEs 1 CuP-GPIB) (A8)
SHOWN, PREFIX WITH ASSEMBLY = v ! T T N S
REF DES (A8). 5 SCace /78  |oi03-00-1378 |.0
' NOTE: UNLESS OTHERWISE SPECIFIED ‘%Ezzit 23338 e / 0;3 '
, 3 - 2 ] B
e T | [f 4 3
[T ’éﬁs » | 7 | 6 5 L e




8 7 | 6 5 ¥ 4 3 2 ; 1

[ REV ] ECN l 8Y lDATE| APP

THIS DOCUMENT CONTAINS PROPRIEYARY INFOR-

| | w

WAVETEK AND MAY NOT BE REPRODUGED FOR ANY DISPLAY LOGIC
REASON EXCEPT CALIBRATION, OPERATION, AND +5I
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. .
457 rmm—m——— l t51 vaay VACUUM FLOURESCENT DISPLAY
2o| : R4 3'5 +5 +44v +51 +44Y o5 “T7R0N ]
3= FG20bAZ
| 15K | 2l 2 12 7| 6] 15 (som ) 265
_ 3 vee 2{_ S S S S S S _SSP VoD Ves Vpp Vas - 37 Vo Ved o vi
a0p—op qpf B S S e P IS T py I 22 o0 op—= 120 sno N o “or 02 srip 1) srio 2 e
UCN o
a0l —Hp1 a1 2 pr-4 N V2 ano DAl DI Y a54 2 ano m ven 0L srip 2 6RID3 =265 pol anoco )
U < P P 5 8 5 s 48i04 |, R N S [P
ADz —z 2 Dz— l— ANO F Dz —- — ANCO L O3+— GRID 3 ORID & —— 04 Fpp— ANU 0
_'_ '3 H
8 9 ) 4 O] & —'_ 7 + ) L 34 2
(p5) 4 AD3—|P3 @3 D3— —— ANO E| D3 - aNO K Oaf= 6RID 4 ¢ D2) GRID5 ==G5 Pr—— ANOF '\ (p5)
apa —pa qal2 4 16 7 16 }(C’) vir- 1 g 33 /5
— Q4 D4— yg [—ANO D)} DI— o [ ANOJ Ost— GRID 5 \GRID& ~——66 Pg|— ANOE
ans Llps o512 D5-2 5 no €] p5-8 5 sno 1 Blor 0,12 srib © (6riD 72267 Pol2- ano D |
! -
AD@ﬁ—Dé Q6 5 06—9 |4 ANO B »(C]) Db-—9-< 4 ANO H 07_2_ GRID 7 | GRID 8 i66 Pci anoc )
/ /
407 1p7 g7 p7 -1 U3 ano 4] p7-22) 3 ano 6 Yk og- crio 8 (c3 < eriD9 Pss  pel’l ano s P (c5)
ur +5 — - 29 /
74L5373 z Hee +2I Hee oEf22 0ol8 crip 9 P12 e 10221610 P22 ano 4
BLANK
_ 46,
¢os) €6 TOE ! R4 2l sreose TEZE (1€7 ) SiK 2] strosE no 0pl crip 0] (GRD 11 281cn PnF- ano N
+57
— (Agg)ﬂ 6"?? (AD.Q )/ 6";‘7 V555 (6rip 12200612 P ano m
d ‘L /D4 J7 J7
<L Y6 1504 Ra2 +&T crip 1328613 Pl avoL b (Da)
/ 2 I :
"é‘;:g_,f)’v CROE RS 6RID 14224614 Pit-B-ano &
g +5I +44v 24 3
‘_l GRIDIS =L G5 Py=— ano v ]
+51 ) 7| 6]/5 23 9 3
o KEYBOARD € DECODER S Tioles (B3) < 6RID I6-52 616 PrIP— aNo I
7415148 O£ 5P} 1 —10 L4p1 o, grip 11 erip 728617 PHE o & (c4)
— —— - -
2
7 I o0 I &1 I ﬁz i a3 g4 25 26 r'@7 28 29 N Ozr—L GRID 12 GQ/D/BﬁGIB PGV-Q' ANO G )
va L I A A R 28104
A e L«:3“‘_0-1 —L'oj e Lo Los, Loy Ls lo oq Lo o 03£ GRID 13 ariD 1929619
02 elle el e e el e 2] el e T o2 saw i cepz0-15lceo
KIN.@—goAﬂ 5 lo o 0 o4 Lo o Lo o Lo o Lo o Lo o Lo o Lo o Lo U806—6RIDI5 IF/LA
20 21 2z 23 24 25 26 27 28 29 5 R53
1 - 4 - — — —_ — - 13| — 3 10
vy —7dAI 4 Lo~ o o4 Lo o Lo 04 Lo o Lo of Lo oo Lo o Lo o OF  Oupl— GRID lo —+51
so| |3 ||32||33]]|34]]35]|] 30 Lj? 38 | 39 o2 crip 17) 8| 4
1 0 L . L L L . ] 7
N2 -—(‘6 12 Lo o Lo o Yo of Lo o . Lo o Lo of Lo o o o oo Lo oo AL af 0.l ) f/BDg‘)
40 41 42 43 44 45 16 47 48 49 %) ¢k Og— cRID 2N3646
1 1 L 1 4 1 L L _ /8
Lo o Lo o] Lo o -o_l—o— lo of Lo of Lo o Lo of Lo o Lo o 0oHE- 6RID 19} (B2)
I
KYACT—QGS KBZ= | KBI— | KBI- | KBZ- | KBZ| KBI- | rBI-[ KBI- | KB2-| KB2~— |17
gggj p = 3 N N5 A ANTS ANz Nig A3 8 . Op GRID 20) v5T
5o ! 2 3 4 5, 6 7 9 10, " =l 5; i
T
gND 7 / 2 3 a5 3 7 8 9 J <L < ssov | J  Dsi
‘L 8 6nD U5 74L5145 16 +51 FOG6LG [ o,
F UNUSED COLUMNS A B c D f)f,ﬁ - i
S i /ST /a /jT 2 /6 Ra9 -
10K 5IP BEEP Mpeser |2 Qe 1
KouT @ KoUT 2 (c5) Y 14040 5 ZN3303 4
N KOoUT | KOUT3, Ya 4093BE 5 4093BE 28 Qy )
=) 2 /o%fc.c@ 5 fﬂ}f—’% Q!
:F UNUSED COLUMNS & ’ REMOVE ALL BURRS DRAWN DATE
KBI-2.69.11 P AND BREAK SHARP EDGES| AN GE ' [5/3/5 WAVETEK
KB2-2, [} S/ MATERIAL RN ENCR T SAN DIEGO » CALIFOANIA
WO 7 %ﬁ”% 7/
A, L6k TiTCE
T{LEIS( APPROV .
ok Lo SCHEMATIC
TOLERANCE UNLESS DISPLAY AND KEYBOARD
::\I/SEHIEK PROCESS i;" 3;3 ANGLES 1 (A 8)
DO NOT SCALE DWG MODEL NO DWG NO. REV
NOTE. UNLESS OTHERWISE SPECIFIED SCALE 178 0/03-00- 13 :18 D
T Sy 23338 SHEET 2 0F 3
BISHOP GRAPHICS/ACCUPRESS 3 "
TS 7 | 6 3 5 * 4 | 3 | 2 | 1

i




8 | 7 6 5 ¥ 4 3 | 2 ,’ 1

[ REV [ ECN l BY. l DATE! APP

s, pocuewr cowrans snomeTany weon [ “"T.1.” BUS TRANSCEIVER CONFIGURATION ’ f_ "MOTOROLA” BUS TRANSCEIVER CONFIGURATION |
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND I l |
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. |
0 T el 51 ] ‘ vco T el !
. i
MR =Ccz2 ] — E——
T =czo GPIB | R cezz 1 |
N T cze |
l Lo 2o Vv -Vsov 2 G -Yspy CONNECTOR | | o lzo  V Vsov 24 G50y GPTB .
RESET VDD ui38 T aa. RESET :
r .6 50 19| 790N 2 pro) JES - | - RESET VoD Vi34 MC3447P3_ CONNECTOR
| e i 18 3 pI02 e | £ —2cLk Vallss TSR 3 J29- |
| 40— pgs 181 A >3 >— | a0¢ —Lipg pavfe Lipg BpET BAY 1">— |
ap1 —=1py 182 P2 7| o\ |a pros 5>— l I apr —8p; 18822 Sip1 p1EEDIOI 1 >— ‘
| ape ~2pz 183 |23 /6 S _Dio4 7> | apz 2pz 8222 2lpe ppfl DIO3 S 5 > |
UDSK ap3 Lp3 184 |32 2 & DIOS 2 >— | | (105X 4pz 105 18422 2ip3 p3E0LIO5 >2>— |
| apa Lpg 185 2! 14 7 DIoo >4 >— | Aapa Lpa 18032 ©lpa pajS OIO7 S o>—
I Aps 2 ps 186 |38 13 8 blo7 >0 >— | | aps ‘2lps paclL Lps gsl8 NDAC > 15>— |
ane -3pe 187 |2 2 L8 8 >— | a6 Zpe eorfB2— 9, pole EOL >9>— |
l (407 4\ p7 I a7 L4p7 IrFC LT«’R%——’QW 72 IFE > 17>— |
U/t TE RNy ) Sum— | | ~ vt cs 5% LS ) Sam—
7 li]o —S 14— MC68488P3 —vr-’/ﬁoy 118117 liz,i3,14 —> 14 >——] |
I (1 D5) RN —={R/WN T/Rz —> 1o} | | /05 R/F 2R/ e l
37 | ldeo Leos — 18— 37 +5I 8li7[1,2+ —> 18 y—
DR RSP —>
7 22 067 ofF B Loy 20— | | ADRG RSP &7 z0—— |
I Upa) {apr1 =L{Rsi REN [E5 —>ezy— @Da)N a0R1 28 rs) §§6éK Ulaa —Se2>— |
39 7 Ul48 —SoH— | I 39 . . Mc3447P3] 24
ADRZ ——H RS2 2//50V$ //%ga,g 751GIAN | p  REN S10 l ADR2 =Zps2 . 23 2 23 SRQ %\ > I
| (83) 6PIB/ =dcs IFC FrgT YW 3 IR ? l (B3 ep18/ Zdes SRQ D¢ BY >19 >— |
. 17>— l 181 132 Slpr p|BELIO2 5y
l 7 7 4 NDAC
paclz ! 5153 | | 155|33 4l s pol2l DI04 - |
8 16 5 NRFD , - —
l ne. L8 Tric REDT - o oar O = 13— [ 18513 5lps paffO L6, |
l DAV >11>— | | 187129 elpg gallS_0IO8 85— |
EoT
For B2 /4 4 > 9>— | | rep |18 7ips psl/8 NRED S I3 >—
l v |22 13 8 atn Q P2 o P e sole AT 213 |
R29 7
ss | 40| 72 spq |83 12 9 SRQ 519 | as | 0| 7o REN 122 T M”10\ g5 _REN 510> |
2 25— - co SR —>25y——
(1c® | R3¢ 10 —2ly——] l zc N TRE: @ —>26>——— |
l 332K G G Yoov  TTETE] L a—
R — —Sag— | GRNT vss ASE v —Se—] |
| z 4 L 51 30  —29— | *9I p3g  —>29)p—r |
J7 47 | JOKSIP —53]9——— | | | z |1 |4 | 10K SIP —53]5— '
—5335— —S$335———
l L/ (LIS —>35>——| | | {ﬂ,/j —>35>—— |
8 —>37>——— R iy ) S—
Gl G2 Gl G2
| rapg-3l 2 45@7,4010/\36)_ J | ‘ ADG—3 12 4151617 |ADIO 5 I
| apr =2 = - ADLL 565 | api—2 4 ADLIS 50— |
005 Ape—L <] < ADIZ, 54y | ] 005 ape—~ <] & ADIZ/ 5 4y
!/ D5, 9 0 ADI3/, 105 9 10 \ADI3/
| AD3— 2 o 3— | DI g >32— ]
! aApalll7aL5368/12 A 4/> 30} I | Ap4-L1{7415308/12 ADIAL = |
(4073 Es-KkvacT (288 | | ap7-13] 14— kvacT (288) |
R3O0 R30 _
| €23 Yz i J;s 10K 51P —92”77 | | €23, Ve To f %fOK siP —923>;|7 | ]
{; +5I
| +s57 ¥ "3 | | +57 | ]
L _ ] - - o _
REMOVE ALL BURRS DRAWN DATE
. AND BREAK SHARP EDGES| RAN G E /3/s. N\ ,E
UI3A AND UMA IS USED OMLY IF MOTOROLA'S MC waTERAL s WAVETEK oo cusoms
3447RP3 /S USED M LORDING OF BORRDS.—OR— (A% 15/@4 TITLE -
UIBB AMD UIFR IS USED OMLY (F T.I.'S 75160 At/ ) RELESS A SCHEMATIC
75161 R4 IS USED W LOADING OF BOARDS. . et | D/SPLAY AND KEYBOARD
° FINISH t IFIED
WAVETEK PROCESS :ﬁx i:g;g ANGLES 11° (/6( ~ 'GPIB) (A 6)
DO NOT SC. MODEL NO. DWG NO. REV
NOTE: UNLESS OTHERWISE SPECIFIED SCALE . —— / ;6 0/0}.00./3.78 5,
REGRDER T e 23338 SHEET J oF 3
BISHOP GRAPHICS/ACCUPRESS N . e
R | 7 | 6 | 5 ) 4 3 2 1 T
A N e [ U A . s




' TWSS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAWNTENANCE WITHOUT WRITTEN AUTHORIZATION.

rgo GPIB INTERFACE " Iy I KEYBOARD DECODER | L1 % Tgo | DISPLAY LOGEMS— $L3] I "0
—- SH R4 | S8 \ - 3 —RiG— 5+3§ v
_ w7 LR | —— il 7 2 T o ug —Ca7= U0 ~ o) ul_l
4 ™ ~ ¢ | — O™ u S o le% o w w [T T[T eun ' |— —ch3—-
! ) A KB1-1 - o v | (
—m—
et /N | 4 N | é |
MBLYREV /N s . U13A . | l 538 i | ? i |
1] ;) LI
? ? ? j —{ : l 3 ?gu N °|= I
| e PH1 CONTROL | |
I o
()2 —c9—"' —RI— 5
vz e , s S8 l o : Rl | CIRCUIT T_.
‘ 1 U5
35 | i il o T—_ iy iporll
1 ™0 #? 3; | - |:c31— ¥.u17 . * e L) . BEEPER
— 1 1 1
= AT S

——:Uﬁ. —

=
3
it
e
<
-]
——m—

—CU—
=R

PROGRAM MEMORY

88
B
N
o=
_ca_.
—R13—
—CA—
-R11—
—R19—
X
T S
—(C28
Q
z+
O3
8
N
—C3%—
o C¥%
e [T T
o]
5%.; b
©+g
2

MADE FROM 0100-00-1378-3D

REMOVE ALL BURRS Avn €
AND BREAK SHARP EDGES WE-'-EK ...................
MATERIAL 2 [JPROJENGR
TITLE
RELEASE APPROV PCA
s ————
T T DISPLAY/LOGIC

orT
FINISH XXX * 010 ANGLES -1
WAVETEK PROCESS XX - 030

prmee——
DO NOT SCALE DWG MODE OWG NO

Rt ™78 | 1100001378

Seay___ 23338 SHEET [ Of




1

THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
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|REV}

l 8y lo-ﬂ’sl APP

REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFER | WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION OR1G-MFGR-PART-NO MFGR WAVETEK NO. GTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORI1G-MFGR—PART-NO MFCR WAVETEK NO. QTY/PT
NONE ASSY DRWE. DISPLAY 0101-00-1378 WYTK | 0101-00-1378 | 1 R28 R29 RES, MF. 1/8W, 1%, 100 RNS55D~1000F TRW 4701-03-1000 | 2 | BINOS
LOGIC BD ! !
i R3S R36 R37 R38 R39 R4 R4AO | RES, MF, 1/8W: 1%, 1K RN5SD~1001F TRW 4701-03-1001 | 17 va21 RAM 2K X 8, CMOS CXK5816PN-121 SONY | BOOO-61-1600 | 1
NONE SCHEMATIC. DISPLAY 0103-00-1378 WVTK  ; 0103-00-1378 | 1 R42 R44 R45 R46 R49 R5 RSO STATIC
LOGIC BD ‘ RS1 R57 R9
i ua MICROPROCESSOR, BBIT | MC6803L MoT 8000-68-0300 | 1
T2 TRANSFORMER, D1SPLAY 178-0033 WYTK | 1204-00-0033 | 1 R15 R16 R17 R24 R25 R48 RES, MF, 1/8W, 1%, 10K RNS5D-1002F TRW 4701-03-1002 | &
u27 GATE, NAND, QUAD SN74LSOON TI 8000-74-0010 | 1
T1 TRANSFORMER 1204-00~0037 WVTK 1204-00-0037 | 1 R10 R19 R3 RES, MF, 1/84. 1%, 100K | RN5SD-1003F TRW 4701-03-1003 | 3 2-INP. TTL
NONE SPK ASSY, KEYBOARD 178/270-0939 WYTK 1206-00-0939 | 2 RS2 R53 RES, MF, 1/8W, 1%, 10 RNS5D-10ROF TRW 4701-03-1009 | 2 u17 INVERTER, HEX, TTL 741504 TI 8000-74-0410 | 1
ca9 CAP, CER, . O01MF, 1KV DD-102 LONG LEAD CRL 1500-01-0201 | 1 R11 RES, MF, 1/84, 1%, 150K | RN5SD-1503F TRW 4701-03-1503 | 1 u26 GATE AND, GUAD 2-INP, | 74,508 T1 8000-74-0810 | 1
TIL
€11 €13 €15 €16 C17 C18 C15 CAP,CER, MON.. 1MF, 50V, | CACO3Z5U104Z050A CORNG | 1500-01-0405 | 39 R18 RES, MF, 1/8W, 1%, 182 RNS5D~1820F TRW 4701-03-1820 | 1
€2 €20 €21 €22 €23 C24 €25 | AXIAL u23 uz2s COUNTER, 12 BIT NIN, 14040 RCA 8001-40-4000 | 2
Ca6 €27 €28 €29 €3 €30 31 R23 RS5 RES, MF, 1/8W, 1%, 2. 49K | RN3SD-2491F TRW 4701-03-2491 | 2 cMas
€32 €33 €34 C35 €36 €37 C38
€39 C4 C40 C41 C42 C43 C45 R8 RES, MF, 1/8W. 1%, 3. 01K | RN5SD-3011F TRW 4701-03-3011 | 1 U1 ADPT, 6PIB INTERFACE MC&8488P MoT 8006-84-8800 | 1
C47 c48 c8 €9
R26 R27 R56 RES, MF, 1/8W, 1%, 3. 32K | RNSSD-3321F TRW 4701-03-3321 | 3 u1s CDDR/DRV. BCD-DEC, TTL | 7415145 s1e BOO7-41-4510 | 1
c1 CAP, MICA, 220PF, 500V, R | DM15-221J ARCO 1500~12-2100 | 1
ADIAL R14 RES, MF, 1/8W, 1%, 3. 65Kk | RNSSD-3651F TRW 4701-03-3651 | 1 u2 ENCODER, 8-3 OCTAL, 7415148 T1 8007-41-4810 | 1
TTL
c12 CAP, ELECT, 100MF, 35V | ULB1V1O1M NICH 1500-31-0102 | 1 R& RES, MF, 1/68W, 1%, 4. 02K | RNS5D-4021F TRW 4701-03-4021 | 1
RADIAL LEAD,SP .20 ui2 HEX INVERTER., 4-BIT +| 74LS368 TI 8007-43-6810 | 1
R13 RES, MF, 1/8, 1%, 499 RNS5D-4990F TRW 4701-03-4990 | 1 2-BIT
c10 CAP, ELECT, 1000MF/16V | CRE SERIES 1000/16 CAPAR | 1500-31-0211 | 1
RADIAL LEAD, SP .20 Ri2 RES, MF, 1/8W, 1%, 49. 9K | RNSSD-4992F TRW 4701-03-4992 | 1 ve U7 LATCH, OCTAL TRANSPAR | 74LS373 MOT 8007-43-7310 | 2
W/3 STATE
c14 CAP, ELECT, 47MF, 50V ULB1J470M NICH 1500-34-7003 | 1 R30 R47 RES NETWORK 10K 2% 4310R-101-103 BOURN | 4770-00-0008 | 2
RADIAL LEAD, SP .20 10PIN SIP BUSS us 1C, PROGRAMMED V1.0, 8600~00-0204 WUTK | 8600~00-0204 | 1
REF: 8008-21~2601
TITLE ASSEMBLY NO. REV TITLE ASSEMBLY NO. REV TITLE ASSEMBLY NO. RI
WAVETEK 1100-00-1378 c WaveTEK 1100-00-1378 c WaveETEK 1100-00-1378 B .
DISPLAY, LOGIC BD DISPLAY, LOGIC BD DISPLAY, LOGIC BD
PARTS LIST PARTS LIST
PAGE 1 PAGE 3 PAGE 5
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFER-PART-NO MFGR | WAVETEK NO. QTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORI1G-MFER-PART-NO MFGR WAVETEK NO. QTY/PT REFERENCE DESIGNATORS PART DESCRIPTION OR1G6-MFER-PART-NO MFGR WAVETEK NO. QTY/PT
cs0 CAP, TANT, &, 8IF, S0V TAPB&. 8MS0 1T 1500-76-8503 | 1 R43 RES NETWORK 1.5K 2% | 785-1R1. 5K BECK | 4770-00-0010 | 1
10PIN SIP BUSS u20 I1C, PROGRAMMED V2. 4 8600-00-0362 WVTK | B600-00-0362 | 1
NONE PCB, DISPLAY LOGIC BD | 1700-00-1378 WYTK 1700-00-1378 | 1 REF: 8002-71~2800,
R7 RES NETWORK 100K 2% | 764-3-R100K BECK | 4770-00-0032 | 1 MODEL 178
NONE SKT, IC, 16PIN DILB16P-108T BURND | 2100-03-0028 | 2 8PIN SIP ISOL
us 1C, PROGRAMMED V1.0 8600~00~0363 WTK | 8600-00-0363 | 1
NONE SKT, IC, 24PIN DILB-24P-108 BURND | 2100-03-0029 | 1 CR7 DIODE, ULTRA FAST FD777 FAIR 4807-02-0777 | 1 REF: 8008-21-2601
NONE SKT, IC, 40P IN DILB4OP~108T BURND | 2100-03-0030 | 2 CR1 CR3 CR4 CRS CR& CR8 CRY DIODE 1N4148 1N4148 FAIR 4807-02-6666 | 7
COMPUTER, G/P, 75V, 200M
NONE SKT, IC, 22 PIN DILB22P-108T BURND | 2100-03-0035 | 2 A, SWITCHING
NONE SOCKET, 18 PIN DILB18P-108T BURND | 2100-03-0050 | 2 62 a3 TRANS, NPN, -TD-92 2N3646 NSC 4901-03-6460 | 2
NONE SOCKET, 20 PIN DILB20P-108T BURND | 2100-03-0051 | 2 Q1 a4 TRANS, GENERAL 2N3903 NSC 4901-03-9030 | 2
PURPOSE, NPN, TO-92
NONE SKT, IC, 28PIN DILB2BP~108T BURND | 2100-03-0055 | 2
u1e COMPARATOR. LOW POWER | LM393N NSC 7000-03-9300 | 1
NONE SOCKET, 8 PIN DILBOSP-108T BURND | 2100-03-0063 | 1 LOW OFFSET VOLTAGE
DUAL
TP1 TP2 TP3 TP4 TP5 TP& TP7 BUSS BAR STANDOFF 2110-001 ARTWR | 2100-05-0024 | 9
™8 PG u24 OPTOD CPLP, FAST 6N136 SPECT | 7100-00-0001 | 1
J30 CONN, HEADER, 20 PIN | 929836-01-10 AP 2100-05-0042 | 1 u13 ULs BUS XCVR, BIDIR, O, MC3447P3 MOT 8000-34-4700 | 2
L
J29 CONN, HEADER 929836-02-20 AsP 2100-05~-0048 | 1
- ua2s CATE, NAND, S/TRG CD4093BE RCA 8000-40-9300 | 1
vi DISPLAY, FLOUR. FG206A2 ITRON | 2400-03-0009 | 1 @UA, CMOS
NONE | BEEPER GMB-0& STMIC | 3000-00-0085 | 1 U1l us DRIVER, 10 BIT SI, TL4810AN TI 8000-48-1000 | 2
| BIMOS b
FBi FB2 FB3 | BALUN CORE 2873000902 FARIT | 3100-00-0002 | 3 |
i u10 U9 DRIVER, LTCH/SORC, UCN58154 SPRAG | 8000-48-1500 | 2
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MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
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THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
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1

Inevl

ECN

[ BY ] DATE] APP

REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFGR WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG~-MFOR-PART-NO MFGR WAVETEK NO. eTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFTH- ART .- MFGR WAVETEK NO. QTY/PT
NONE ASSY DRWG, REFERENCE | 0101-00-3021 WYTK 0101-00-3021 | 1 c22 €23 c46 CAP, MICA, B2PF, 500V DM15-820J ARCO 1500~18-2000 | 3
BD R52 RES, MF, 1/8W, 1%, 15 RNSSD—1 550 TRW 4701-03-1509 | 1
ca7 CAP, MICA, 91PF, 300V DM13~910J ARCO 1300-19-1000 | 1
NONE ASSY DWG. CABLE KIT 0102-00-0873 WVTK 0102-00-0873 | 1 R3 R4 RES, MF, 1/8W, 1%, 19. 1K | RNS5D-15 TRW 4701-03-1912 | 2
C4 €5 €6 €8 €9 CAP, ELECT, 100MF, 35V | ULB1V1O1M NICH 1500-31-0102 | S
NONE SCHEMATIC, REFERENCE 0103-00-3021 WVTK 0103-00-3021 1 RADIAL LEAD, SP .20 R& RES, MF, 1/8W, 1% 20. 5K RNS9D— TRW 4701-03-2092 1
BD
<7 CAP, ELECT, 1000MF/1&V | NRE 1000/16 NIC 1500-31-0211 | 1 R33 RES, MF, 1/BW, 1%, 21.5 | RN5SD-21%0F TRW 4701-03-2159 | 1
NONE ASSY, WIRE 178-0928 1207-00-2792 WYTK 1207-00-2792 | 1 RADIAL LEAD, SP .20
R30 R4& RES, MF, 1/8W, 1%, 249 RN55D-2a50! TRW 4701-03-2490 | 2
NONE ASSY, WIRE 178-0928 1207-00-2793 WYTK 1207-00-2793 | 1 ci1a CAP,MYLAR, . 1MF, 100V | 225P10491WD3 SPRAG | 1500-41-0444 | 1
R1 R19 R48 R54 RES, MF, 1/8W, 1%, 2. 49% | RNSSD-24<1(F TRW 4701-03-2491 | 4
NORAE BHIELD PARTITION 178-0171 BVTK 1400-01-0171 | 2 €53 CAP, VAR, 3. 5-13PF, 7S-TRIKO-02 3.5/13PF | TRIKO | 1300-51-3000 | 1
250v R14 R20 RES, MF, 1/8W, 1%, 24. 9 | RNSSD-24:2F TR 4701-03-2492 | 2
NONE SHIELD PARTITION 178-0181 WUTK 1400-01-0181 | 2
€41 c4a5 CAP. VAR, 7-35PF 250V | 75-TRIKO-02 7/33 PF TRIKO | 1500-53-3000 | 2 R34 R39 R40 R43 R44 R4S R55 RES, MF. 1/8W, 1%, 301 RNSS5D-3010F TRW 4701-03-3010 | 7
NONE COVER 176-0223 WUTK 1400-01-0223 | 1
€51 Ce2 CAP, TANT, 22MF, 20V | 20242002226M3 MATSO | 1300-72-2621 | 2 Rr8 RES, MF, 1/8W, 1%, 30. 1K | RNSSD-2C12F TRW 4701-03-3012 | 1
NONE SHIELD PARTITION 178-1281 WYTK 1400-01-1281 | 1
NONE REFERENCE BOARD 178-0928 WVTH 1700-00-0928 | 1 R7 RY RES, MF, 1/8W, 1%, 301K | RNSSD-3Ci3F TRW 4701-03-3013 | 2
NONE CORNER POST(X) 1768-1311 WUTK 1400-01-1311 | 4
REF: 3200-02-0004 NONE ngFﬂggé%ATUR BD 1700-00-2999 HWVTK 1700-00-2997 | 1 R10 R17 R38 R41 R42 RS& RES, MF, 1/8, 1%, 499 RNSSD-4990F TRW 4701-03-4990 | &
€25 €39 €49 C50 €57 CAP, CER, 100PF, 1KV DD-101 CRL 1500-01-0111 | 5 R12 R18 R36 R49 RES, MF, 1/8W, 1%, 4. 994 | RNSSD-4991F TRW 4701-03-4991 | 4
L1 CHOKE, 5. &MH 1537-30 DELVN | 1B00-00-0015 | 1
€60 CAP. CER, . 001UF, 1KV DD-102 CRL 1500-01-0211 | 1 Lo INDUGTOR, . 12MICRO H | 1025-98 pewn | 1800 . R28 RES, MF, 1/8W, 1% 49. 9K | RNSS5D-4992F TRU 4701-03-4992 | 1
NDUCTOR, . - ~00-001 1
€10 C11 C12 C17 €24 C31 C32 CAP CER MON . OIMF CAC02Z5U10371004 CORNG | 1500-01-0310 | 12 R31 RES, ME. 1/8%, 1%, 51. 1 RNSSD-51R1F TRW 4701-03-5119 | 1
C42 C44 C48 CS5 C56 50V, AXIAL J1 CONN, HEADER 1-640386-0 AMP 2100-02-0079 | 1
R51 RES, MF, 1/8W, 1%, 750 RNB5D-7500F TRW 4701-03-7500 | 1
€1 C13 C15 C16 €18 C19 C2 | CAP.CER,MON,. IMF, 50V, [ CACO3Z5U104Z050A CORNG | 1500-01-0405 | 16 J2 J3 CONN, COAX SOCKET 226287-2 AMP 2100-03-0038 | 2 !
C2B C29 C3 C63 C64 C65 Céb| AXIAL CR7 DIODE, GEN PUR TUNING| MV2109 MOT 4803-02-2109 | 1
ce7 co8 J24 J3A SPRING SOCKET 5093%-1 AMP 2100-03-0039 | 2
CR12 CR13 DIODE, ULTRA FAST FD777 FAIR | 4807-02-0777 | 2
TITLE ASSEMBLY NO. REV TITLE " ASSEMBLY NO. REV
WAVETEK 1100-00-3021 WAVETEK i 1100-00-3021 CR1 CR10 CR11 CR2 CR3 CR4 | DIODE 1N4148 1N4148 FAIR | 4807-02-6666 | 9
PARTS LIST PCA, REFERENCE BD. B PARTS LIST PCA, REFERENCE BD. ‘ B CRS CR8 CR9 COMPUTER, 6/P, 75V, 200M
A, SWITCHING
PAGE 1 PAGE 3
CR14 DIODE 5082-2811 5082-2811 HP 4809-02-2811 | 1
SCHOTTKY, 15V, 20MA
a2 a3 TRANS, NPN, -TO-92 MP53646 mMoT 4901-03-6450 | 2
a1 @4 as TRANS, N-CHANNEL JFETS| 2N5485 mMOT 4901-05-4850 | 3
[ [ TRANS A-400 AMPRX | 4902-00-4000 | 1
REFERENCE DESIGNATORS PART DESCRIPTION DR 1G-MFOR-PART-NO MFGR | WAVETEK NO. QTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFER-PART-NO MFGR WAVETEK NO. QTY/PT
u3 oP-AMP LF356N NSC 7000-03-5600 | 1
i us 1c NES29N sIe 7000-03-2900 | 1
ca3 CAP, CER, 22PF, 1KV DD-220 CRL 1500-02-2011 | 1 i NONE PIN: MALE £0807-2 AMP 2100-05-0020 | 1
i UL GATE, NAND: QUAD SN74LSOON TI 8000-74-0010 | 1
co1 CAP, CER, 33PF, 1KV DD-330 CRL 1500-03-3011 | 1 I TP1 TP2 BUSS BAR STANDOFF 2110-001 ARTWR | 2100-03-0024 | 2 2-INP, TTL
ca7 CAP. CER, 330PF. 1KY pp-331 CRL 1500-03-3111 | 1 E16 E17 E18 E19 CONN PIN, MALE (UOM-EA| CA-S36SP-100-230-830 | CA 2100-05-0034 | 4 ue GATE, NOR, GUAD 74502 SIG 8000-74-0201 | 1
i PIN) 2-INPUT
€35 CAP, CER, 47PF, 1KV DD-470 CRL 1500-04-7011 | 1
| v CRYSTAL, 10MHZ 2300-99-0007 savay | 2300-99-0007 | 1 u7 INVERTER BUFRS/DRVRS, | 7416 s16 8000-74-1600 | 1
cs2 CAP, M1CA, 100PF, 500V | DM15-101J ARCO 1300-11-0100 | 1 ! HEX, W/0C HIGH vOLT
] USCILLATOR, TEMP 7400B10MHZO. O30LEAD Df MONIT | 2300-99-0026 | 1 osP
€30 CAP, MICA, 130PF, 500V | DM15-151J ARCO 13500-11-5100 | 1 H COMPENSATED 10MHZ
! XTAL, 14 ué FLIP-FLOP DUAL. D-POS| 74LS74 TI 8000-74-7410 | 1
c3s CAP, MICA, 220PF, 500V, R| DM13-221J ARCO 1300-12-2100 | 1 ' EDGE TRIG, TTL
ADIAL | NONE WASHER, FLT #6, . 187 2515 SMITH | 2800-26-0002 | &
: on. . 141 ID, us RCVR, TRI LINE, ECL | MC10116P moT 8001-01-1600 | 1
c20T CAP, MICA, 24PF, SO0V, 1%} CMO5CD240D03 CDE 1500-12-4006 | 1 ! . 047THK, NYLON
| u1 MULT. VIBRTRS, DL 74123 TI 8007-41-2300 | 1
c59T CAP, MICA, 27PF, 300V DM13-2704 ARCO 1300-12-7000 | 1 | NONE FERRITE BEAD 56-590~65/3B FERRX | 3100-00-0001 | 1 RETR IGGERABLE
MONOS. W/CLEAR
ca7 CAP, MICA, 270PF, 500V | DM13-271J ARCO 1500-12-7100 | 1 FB1 FB2 FB3 FB4 FBS FB6 BALUN CORE 2873000902 FARIT | 3100-00-0002 | &
v10 us COUNTER, BCD, TTL 7415290 TI 8007-42-9010 | 2
€34 CAP, MICA, 30PF, SO0V, RA| DM15-300J ARCO 1500-13-0000 | 1 R25 POT, TRIM, 10K 91AR10K BECK 4600-01~0315 | 1
DIAL u2 ic MC4044P Mot 8100-40-4400 | 1
R23 R24 R32 R3% R37 R47 R5§ RES, MF, 1/8W, 1%, 100 RNS55D-1000F TRW 4701-03-1000 | 7 | |
C54T CAP, MICA, 43PF, 500V DM15-430J ARCO 1500-14-3000 | 1 w2
R1S R22 R27 RES, MF. 1/8W, 1%, 1K RNS5D-1001F TRW 4701-03-1001 | 3 TITLE ASSEMBLY NO. REV
€33 ce9 CAP, MICA, 47PF, 500V DM13-470J ARCO 1500-14-7000 | 2 AVETEK 1100-00-3021
R11 R13 Ri6 R26 RS0 RES, MF, 1/8W, 1%, 10k RN55D~1002F TRW 4701-03-1002 | 5 PARTS LIST PCA, REFERENCE BD. B
ca0 CAR, MICA, 56PF, 500V DM15-560J ARCO 1500-15-6000 | 1
R21 RES, MF, 1/8W, 1%, 1. 5K | RNS5D-1501F TRW 4701-03-1501 | 1 PAGE 5
c3a c58T CAP, MICA, 68PF, S00V DM15-680J ARCO 1500~16-8000 | 2
R2 RS RES, MF, 1/8W, 1%, 15K RN3SD-1502F TRW 4701-03-1502 | 2
TITLE ASSEMBLY NO. REV TITLE ASSEMBLY NO. REV
WAVETEK 1100~00-3021 WAVETEK 1100-00-3021
PARTS LIST PCA, REFERENCE BD. B PARTS LIST PCA, REFERENCE BD. B
PAGE 2 PAGE 4
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[iEV ECN I BY IDATE[
THIS DOCUMENT CONTAINS PROPRIETARY INFOR- A |RELEALSE 75 7%5]:: [r,:'»-g';l
MATION AND DESIGN HIGHTS BELONGING TO =
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPY CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
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Li R/ 4.99K La — C
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l REV —I ECN I BY l DATEI APP
THIS DOCUMENT CONTAINS PROPRIETARY INFOR.
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR—PART-NO MFER WAVETEK NO. aQTY/PT
NONE ASSY DRWG, VCO BOARD | 0101-00-2642 WYTK 0101-00-2642 | 1
NONE SCHEMATIC, VCO BOARD | 0103-00-24642 WTK 0103-00-2642 | 1
L2 €OIL, VCO 178-0040 WITK 1204-00-0040 | 1
c1 CAP, CER, 100PF, 1KV DD-101 CRL 1500-01-0111 | 1
c2 CAP CER MON . O1MF CACORZ5U1032100A CORNG | 1500-01-0310 | 1
50V, AXIAL
€11 C14 C15 C6 ¢8 CAP, CER, MON, . 1MF, 30V, | CACO3Z5U104Z050A CORNG | 1500-01-0405 | 5
AXIAL
c10 CAP CER MON 2. 7PF 50V | CCD2R7DNPO ARCO 1500-02-7505 | 1
c4 ¢35 CAR, MICA, 15FF, 500V DM15-130J ARCO 1500-11-5000 | 2
c17 CAP, MICA, 150PF, 500V DM15-151J ARCO 1500-11-5100 | 1
€12 €13 CAP, MICA, 20PF, 500V, RA | DM15-2004 ARCO 1500-12-0000 | 2
DIAL
c16 CAP, MICA, 330PF, 500V | DM15-331J ARCO 1500-13-3100 |
c18 CAR, MICA: SOPF, S00V DM15-500J ARCO 1500-15-0000 | 1
€7 ¢9 CAP, TANT. 22MF, 15V 196D2246X901 5KA1 SPRAG | 1500-72-2601 | 2
NONE PCB, ¥CO BD REF: SPEC | 1700-00-2642 WITK 1700-00-2642 | 1
0008-00~0455 REV C
L1 L3 CHOKE, 160MH 1537-86 DLVAN | 1800-00-0016 | 2
WAVETEK TITLE ASSEMBLY NO.  1208-00-pss2 REV
u ASSY vCD BD A
PACE 1
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFCR WAVETEK NO. QTY/PT
L4 INDUCTOR, . 1 MICRD H 1025-94 DELYN | 1800-00-0020 | 1
LS INDUCTOR, . B2MICRD H 1025-18 DLYAN | 1800-00-0024 | 1
P16 P17 CONN, . 100 CTR, 4 22-17-2042 MOLEX | 2100-02-006% | 2
POS, @LD PLT. BOT
ENT, PC MT
R14 RES, €. 1/2W, 5%, 220 RC-1/2-221J STKPL | 4700-25-2200 | 1
R10 R11 RES, MF, 1/8W, 1%, 1K RNSSD-1001F TRW 4701~03-1001 | 2
R13 R15 RS RES. MF, 1/8W, 1%, 10 S043ED10R100F MEPCO | 4701-03-1009 | 3
R9 RES, MF, 1/8W: 1%; 1. 21K | RNSSD-1211F TRU 4701-03-1211 | 1
R& RES: MF, 1/84, 1%, 200 RNS5D~R000F TRY 4701-03-2000 | 1
R4 RES: MF, 1/8W, 1%, 20. 5K | RN53SD-2052F TRW 4701-03-2052 | 1
R12 RES, MF, 1/8W, 1%, 392 RN35D-3920F TRW 4701-03-3920 | 1
31 RES, MF, 1/8W, 1%, 4. 02K | RNSSD-3021F TRW 4701-03-4021 | 1
R2 R3 R7 R8 RES, MF, 1/84, 1%, 4. 99K | RNSSD-4991F TRW 4701~03-4991 | &
CR1 CR2 DI1ODE 2c-803 MSI 4803-02-0805 | 2
CR3 CR4 CR3 CRé DIODE Kv3802 (3= 4803-02-3802 | 4
at DMDS FET. N-CHAN, SD-202DC/SR sP1 4902-00-2020 | 1 ]
ENHANCE MODE, LATERAL
) TRANS NE41632E-1-D CEL 4902-02-1320 | 1 |
WAVETEK TITLE ASSEMBLYNO. 1008 06 oe4n REV ]
PARTS LIST fesY vea E .
PAGE 2
REMOVE ALL BURRS DRAWN DATE g
AND BREAK SHARP EDGES
TITLE
RELEASE APPROV
PARTS LIST
TOLERANCE UNLESS
T (OTHERWISE SPECIFIED VCO
XXX £.010 ANGLES =1°
WAVETEK PROCESS Xxx 010
DO NOT SCALE DWG  |MODEL No. DWG NO. REV
NOTE: UNLESS OTHERWISE SPECIFIED
SCALE 178 1208-00-2642 | A
\oent 23338 SHEET 1 oF 1
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l REV I ECN l BY lDAYEl APP
THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
; !
REFERENCE DESIONATORS PART DESCRIPTION ORIG-MFGR-PART-NO IMFOR  |WAVETEK MO. | GTY/PT ;
REFERENCE DESIONATORS PART DESCRIPTION ORIO~MFGR-PART-NO MFOR  |WAVETEK NO.  |GTY/PT || | REFERENCE DESIONATORS PART DESCRIPTION ORIO—HFGR-PART-NO MFOR  |WAVETEK NO.  |aTv/eT
NONE SCHEMATIC, INSTRUMENT |00CA—00-0279 WUTK | 0004-00-0279 |1
& CABLE ROUTING c10 €36 cea CAP, CER, 220FF, 1KV DD-221 CRL 1500-02-2111 |2 J14 CONN, HEADER 1-640386-0 ar 2100-02-0079 |1
R306 R30O7 R30B R309 RES, SPACE 5063JD680R0Y MEPCO | 0621-00089 4 200
MISER. 1/34, 5%, 680 OHM ¢ CAP, CER 50Ad33 SPRAG |1300-03-3001 |1 JS3 USE CONN, HEADER, 3 PIN, £40456-3 aw 2100-02-0116 |2
i 5%, DISK, 39PF, 1KV, 10% . 100 MTA
NONE e{P_Fzgg_‘ﬂ;gY 1101-00-3397 WVTK  |1101-00-3397 |1 €206 €207 CAP CER 33PF 200V 5% |CACO2C0G330J100A(OBS) |CORNG | 1300-03-3006 |2 Jma cosmy, tmanen, e 2i00-02-0zis | i
GENER AXTAL ROW, 10 PIN 0.
NONE scremaTIc FREQUENCY | 1104-00-3297 WUTK  |1104-00-3397 |1 €102 €144 C99 CAP, CER. 330PF, 1KV po-za1 cRL 1300-03-3111 |3 ° KT, 16, 16PIN DILB16P-108T oomd | 2100-00- .
c13 c , DD-4
NONE CABLE KIT FOR 178 STD |1200-00-3398 WUTK  |1200-00-3398 |1 AP: CER, 68PF, 1KV 80 CRL 1300-06-8001 |1 10 SKT, IC, 24P IN DILB-24P-108 BURND |2100-03-0029 |2
FREQ/GEN BOARD €105 €136 €137 CAP, MICA; 100PF, SO0V DM1S-1014 ARCO 1500-11-0100 |3 11 SKT, IC, 40PIN DILB4OP-108T BURND [2100-03-0020 |1
T TRANSFORMER 172-537 WTK  |1204-00-0537 |1 €203 €204 CAP. MICA, 13PF, 500V DM15-130J ARCO  |1500-11-3000 |2 ‘J12A J10A J11A J39A J9A  [CONN, COAX SOCKET 226287-2 ar 2100-03-0038 |3
2 ASSY vco BD 1208-00-2642 WUTK | 1208-00-2642 |1 €100 208 CAP, MICA, 130PF, 500V | DM15~151J aRCO  [1300-11-3100 |2 20 SPRING SOCKET s093%-1 AP 2100-03-0039 |5
s SHIELD: 100 Mz FILTER |1400-02-0793 WUTK | 1400-02-0793 1 ciat CAP, MICA, 190PF, 500V | DM13-181J ARCO  [1300-11-8100 |1 12 SOCKET, 20 PIN DILB20P-108T BURND |2100-03-0051 |3
co2 cap, 220PF, SO0V, 5 s00-
& SHIELD, 40MHz FILTER | 1400-02-0803 WK |1400-02-0803 |1 D Ta A, 220PF, S0OV/R | DM1S-221. 4RCO  11300-12-2100 |1 13 SKT. IC, 28PIN DILB2BP-108T BURND |2100-03-0058 |2
(0PT-010)
18 SOCKET, 8 PIN DILBOSP-106T BURND |2100-03-0063 |1
c202 CAP, MICA, 270PF, 300V | DM13-27 00-12-
7 SHIELD, MIXER BUFFER | 1400-02-0813 WK |1400-02-0813 |1 ’ ! w ARCO  |1300-12-7100 |1 €20 £24 £33 pin .
AP (0PT-010) c1av CAP, MICA, 300PF, SO0V, R | DM15-301J ARCO  |1%00-13-0100 |1 ’ 4080 A |2100-05-0020 |3
3 SHIELD, VCO BD 1400~02-0823 WTK 1800-02-0823 |1 ADIAL :; TP2 TP3 TP4 TP3 TP6 TP7|BUSS BAR STANDOFF 2110~001 ARTWR | 2100-05-0024
(0PT-010) c124 c127 CAP, MICA, 34PF, 300V DM15-360J ARCO | 1500-13-6000
R 13 —
4 SHIELD, PHASE DELAY 1400-02-0833 WUTK | 1400-02-0833 | 1 c1as c138 CAP,MICA, 39PF, 500V | DM13-3%0J ARCO | 1300-13-9000 |2 STy PIN/RALE (UDI-EA | CAS-34-238-63 cA 2100-03-0034 |8
TITLE ASSEMBLY NO. 00~00— REV 1
WavETEK PCA. FREGUENCY GENERATOR BD " =7 D WavETEK o, s ! ASSEUBLYNo.  1100-00-3a97 ey WAVETEK TITLE ASSEMBLY NO.  1100-00-3397 REV
PARTS LIST rea, PARTS PCA, FREQUENCY CENERATOR BD D PCA, FREQUENCY GENERATOR BD D
76-5TD ST 178-STD . | PARTS LIST 176-5T0
PAGE 1 PACE 3
PAGE 3
.
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFOR-PART-NO FFOR WAVETEK NO. QTY/PT REFERENCE DESIONATORS PART DESCRIPTION ORIO-MFOR-PART-NO MFOR WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFOR-PART-NO MFOR WAVETEK NO. GTY/PT
C119 c210 €as CAP, CER 0311-00018 WTK | 1500-00-5011 |3 €39 ceo CAP. MICA. 390PF, 300 €015-391J coe 1300-13-9100 |2 w4 CONN, HEADER, 34 PIN | 929836-01-17 ap 2100-05-0041 |1
DISK. SPF. 1KV 10% €125 €125 €13 CAP, MICA, S6PF, 300V DM13-560J ARCO | 1300-13-£000 |3 13 CONN, HEADER, 20 PIN | 929836-01-10 » 2100-05-0042 | 1
c6 CAP. CER, 10PF, 1KV DD-100 CRL 1500-01-0011 |1 c130 €133 C%0 - CAP, ELECT, 100MF, 3% | NRELOLMIOV10X12. 3 NIC 1300-31-0102 |3 J10 J11 J12 J3% J3O JS1 JS2|CONN, SMB, MALE JACK 221111-1 P 2100-11-0002 |9
RADIAL LEAD.SP .20
C104 C190 C2 C4 CY CB1 C90 |CAP, CER, 100PF, 1KV DD-101 CRL 1500-01-0111 |7 yIs S7 gmt&m pc
C149 C131 Ci52 C134 C19%  |CAP,ELECT, 1000MF/16V |1500-31-0214 WTK  |1300-31-0211 |& MOUNT, SNAP FIT
c12 c14s C193 €3 €36 C74  |CAP, CER, . 001UF. 1KV DD-102 CRL 1500-01-0211 |8 c1se RADIAL LEAD, SP . 20
c
16 STANDOFF, SWAGE . 625 |1331B-3/8 USECO |2800-02-0004 |8
€103 C106 C107 C108 C109  |CAP CER MON .OIMF CACO2I3U103Z1004 CORNG | 1300-01-0310 | 41 e t;.:,ru_vc. 1MF: 100V AX | B1A103F ELPAC 1 1300-41-0%04 |1 ""'A;'_zm“ &-32,. 082
Ci1 €110 C112 €120 €131 30V, AXIAL
cids cis7 c17 <19 cai caz csa ca CAP, MYLR. . 00221F100V | 229P22291WD3 SPRAC | 1300-42-2214 |2 17 STANDOFF, SWAGE .230 |B1331B-1/4-11 USECO [2800-02-0022 |2
H,. 290 HEX 6-32,.
€34 c37 ced cas €73 €76 78 €121 c122 C129 CAP, TANT, 1MF, 33V 150D1Q3X7035A2 SPRAG |1300-71-0802 |3 MATL - 08
€9 C71 C94 C97 C101 C113 €128 €129 €130 |CAP, TANT, 220F, 13V 196D246X9019KA1 (OBS)  |SPRAQ  |1300-72-2601 |17 ) STANDOFF SWAGE. 1/4  |AL&910B-437-00 LNTRN |2800-06-0041 |20
1 !
€1 C111 C113 C114 C116 C117|CAP, CER, MON, . 1MF, SOV, |CACO3Z3U104Z030A CORNG | 1500-01-0405 | &7 C170 C180 C182 C34 Ca4 C72 A T e o
€110 C134 C142 C143 C148  |AXIAL c93
C1%6 C16 C160 C161 C1&2 LoNG
€163 C164 C145 €166 C167 NONE PCB, FREQUENCY 1700-00-3397 WTK  |1700-00-3397 |1
€168 €172 C173 C174 C173 GENERATOR BD 178-STD 18 SCREW, 6-32X5/16 6-32X 5/16 NYLOK CMRCL | 2800-23-6105 (26
€177 €178 C179 C18 C183 UPGRADE K AT
ci84 C191 C192 C20 C201 €27 d
caa c2v cao cat ‘¢33 €37 €3 . L4 Lo CHOKE, . 18MH, 10% 1025-02 DLVAN |1800-00-0012 |2 FB10 FB11 FB12 FB13 FBY FERRITE BEAD 86-590-63/38 FERRX |3100-00-0001 |S
€35 co1 C6 C63 ca7 Ce8 Cav L2 INDUCTOR, . 12MICRO H | 1025-9% DELWN |1800-00-0019 |1 FB1 FB2 FB3 FB4 FBS FB& FB7 |BALUN CORE 2873000902 FARIT |3100-00-0002 |8
i Fee
c92 co8 L1 La INDUCTOR, . 1 MICRO H | 1025-94 DELWN |1800-00-0020 |2 .
Kt ) REED, FORM—
c1os CAP. CER, 158F. 1KV D150 CRL 1200-01-5011 |1 s INDUCTOR, .22 MICRO H | 1029-08 b | 1800-00-0021 |1 RELAY, REED, FORM~C RA30571051 ETROL |4300-00-0009 |1 i
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THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY

REASON EXCEPT CALIBRATION,

OPERATION, AND

MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

] BY IDATEI APP

REFERENCE DESIGNATORS PART DESCRIPTION OR16-MFGR—PART-NO MFOR WAVETEK NO. QTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR—PART-NO MFOR WAVETEK NO. GTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART—NO MFER WAVETEK NO. QTY/PT
R17 R224 R282 POT, TRIM, 10K 91AR10K BECK 4600-01-0315 |3 ‘
R182 R218 RS9 RES, MF, 1/8W, 1%, 2% RNSSD-2001F TRW 4701-03-2001 R43 R4S RES, MF, 1/8W, 1%, 619 RNS5D-6190F TRW 4701-03-6190 |2
R292 POT, TRIM: 100K F1AR100K BECK 4600-01-0402 |1
R237 R240 RES, MF: 1/8W, 1%, 21. SK | RNS3D-2152F TRW 4701-03-2152 R175 R199 RES, MF, 1/6W, 1%, 61. 9 RN3SD-61R9F TRW 4701-03-6199 |2
R30L POT, TRIM, 500 91ARS500 BECK 4600-05-0104 |1
R250 R257 RES, MF, 1/8W, 1%, 21. 8 RNSSD-21RSF TR 4701-03-2139 R100 R135 R187 R216 R30 RES. WF, 1/8W, 1%, 750 RNSSD-7300F TRW 4701-03-7500 |5
R144 POT, TOP TRIM, 207, 10K | &6BWR10K BECK 4609-90-0002 |1
R148 R173 R174 R209 R210 RES: MF, 1/80M, 1%, 249 RNSSD-2450F TRW 4701-03-2490 |15 R162 R171 R180 R181 R1B&  |RES, MF. 1/8MW, 1%, 7. 5K RNSSD-7501F TRW 4701-03-7501 | &
R139 POT, TOP TRIM. 20T, 2K SBUR2K BECK 4509-90-0004 |1 R239 R254 R255 R27 R276 R3 R21S
R& R7 R8 R9
R151 POT, TOP TRIM. 20T, 5K SBWRSK BECK 24609-90-0013 |1 R97 RES, MF, 1/8W, 1% 76. 8K | RNSSD-7682F TRW 4701-03-7682 |1
R13 Ri41 R190 Ri91 R2 R20 |RES. MF, 1/8W, 1%, 2. 49K | RNSSD-2491F TRW 4701-03-2491 |16
R134 POT, TOP TRIM. 20T, 100 |&BWR100 BECK 4609-90-0019 |1 R21 R219 R220 R236 R245 R275 RES. MF, 1/8W, 1%, 825 RNSSD-8250F TRW 4701-03-8230 |1
R28B1 R3S R42 RS& RGO
R229 POT, 20T, TOP TRIM, 6BWRS00 BECK 4609-90-0023 |1 R106 RES. MF, 1/8W, 1%, B. 25K | RNSSD-B251F TRW 4701-03-82%51 |1
S00 OHM RE2 RES, MF, 1/8W, 1%, 24. 9K | RNSSD-2492F TRW 4701-03-2492 |1
R133 R160 RES, MF, 1/68W, 1%, 9. 094 | RNS3D-9091F TRW 4701-03-9091 |2
R122 R14 R14& R166 R167 R18 |RES, MF, 1/8W, 1%, 100 RNSSD—1000F TRW 4701-03-1000 |21 R20& RES, MF, 1/8W, 1%, 24. 9 RNSSD-24R9F TRW 4701-03-2499 |1
Ri84 R183 R1% R201 R203 R163T RES, MF, 1/8W, 1%, 9. 53K | RNSSD-9S31F TRW 4701-03-9331 |1
RR07 R208 R212 R217 R222 R1&T RES, I, 1/8W, 1%, 27. 4K | RNS3D-2742F TRW 4701-03-2742 |1
R242 R246 R270 R44 R6T R172 RES, MF. 1/44, 1%, 1M RN&OD-1004F TRW 4701-13-1004 |1
R131 R132 R214 R248 RES, MF. 1/8W, 1%, 301 RNSSD-3010F TRW 4701-03-3010 |4
R10S R155 R161 R221 R2S6 RES: MF: 1/8W; 1%, 1K RNS3SD-1001F TRW 4701-03-1001 17 R226 R27% R2B0 RES, MF, 1/4W, 1%, 71. RN&OD-71RSF TRW 4701-13-7159 3
R262 R277 R49 R&1 R&4 R70 R102 R103 R104 R137 R188 RES. MF, 1/8W, 1%, 3. 01K  |RNSSD-3011F TRW 4701-03-3011 |11
R72 R74 R75 R76 R87 R98 :1&9 R194 RZ0S R231 R261 R115 R71 R73 RES NETWORK 1. 5K 2% 7835-1R1. 5K BECK 4770-00-0010
10PIN SIP BUSS
R1 R138 R145 R152 R178 R183|RES. MWF, 1/8W. 1%, 10K RNSSD-1002F TRW 4701-03-1002 |15
R200 R202 R22S R297 R299 R192 RB& RES: MF, 1/6W. 1%, 30. 1K RNSSD-3012F TRW 4701~-03-3012 2 R113 R114 R126 R22 R23 R235|RES NETWORK &8002% 4308R-101-6S1 BOURN 4770~-00-0031 11
RS7 R3S R&2 RB4 R244 R29 R38 R92 R99 EPIN SIP BuSS
R293 RES, MF, 1/8W, 1%, 301K RNSSD-3013F TRW 4701-03-3013 |1t
RS3 R&3 R&S R&EL RE7 RE6EB RES8 |RES. MF, 1/8W, 1%, 100K RNSSD-1003F TRW 4701-03-1003 CR32 DIODE, ZENOR. 5.1V, IN7S1A FAIR 4801-01-0751 1
R11 R12 RES: MF, 1/84W, 1%, 316 RNSSD-3160F TR 4701-03-3160 (2 SOOMW., GIB. IN7SiA
R204 R211 R223 R243 R2BS  |RES, MF, 1/8W, 1%, 10 SO043ED10R100F MEPCO | 4701-03-100%
W TITLE ASSEMBLY NO. 1 100~00-3397 ReEV MVETEK TITLE ASSEMBLYNO.  1100-00-3397 REV VE TITLE ASSEMBLY NO.  1100-00-3397 REV
AVETEK PCA, FREGUENCY GENERATOR BD D PCA, FREQUENCY GENERATOR BD D WAVETEK PCA, FREQUENCY QENERATOR BD D
17a-sTd PARTS LIST 178-STD . PARTS LIS 1
PAQE 7 , PAGE 9 PAGE 11
!
i
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFCR-PART-NO MFCR WAVETEK NO. QTY/PT ||| REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFCR-PART-NO MFOR WAVETEK NO. QTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFOR-PART-NO MFOR WAVETEK NG. aTY/PT
R290 R291 R4 RES. MF, 1/84, 1%, 332 RN3SD-3320F TRW 4701-03-3320 |1 CR25 CR2&6 CR3S CR3& DIODE. ULTRA FAST 1N4244 T/CSF | 4807-02-0777 (4
R232 RES. MF, 1/8W, 1%, 10. SK | RNS5D-1052F TRW 4701-03-1052 |1 R111 R121 R123 R197 R198 RES, MF, 1/8W, 1%, 33. 2 RNSSD-33R2F TRW 4701-03-3329 |5 CR1 CR11 CR12 CRi3 CR14 DIODE 1N4148 1N8148 NSC 4807-02-6666 | 20
CR19 CR2 CR20 CR21 CR22 COMPUTER, G/P, 75V, 200M
R101 RES, MF, 1/8W, 1%, 11. 8K | RN55D-1182F TRW 4701-03-1182 |1 R238 RES. MF, 1/8W, 1%, 392 RNSSD-3920F TRW 4701-03-3920 |1 CR23 CR3 CR3I3 CR34 CR37 As SWITCHING
CR38 CR4 CRS CRB CR9
R273 RES, MF, 1/8%, 1%, 121 RN5SD-1210F TRW 4701-03-1210 |1 R253 R284 RES, MF, 1/68W, 1%,39. 2 RNSSD-39R2F TRW 4701-03-3929 |2
CR15 CR1&6 CR17 CR1B CR24 |DIODE 5082-2811 5082-2811 HP 4809-02-2811 |11
R26 R46 R47 RS RES, MF, 1/8W, 1%, 1. 21K RNSSD-1211F TRW 4701-03-1211 4 R287 RES. MF. 1/8W, 1%, 42. 2 RNSSD-42R2F TRW 4701-03-4229 1 CR27 CR28 CR29 CR30 CR31 SCHOTTKY, 15V, 20MA
CR39
R159 RES: MF, 1/8W, 1%, 12. 1k | RNSSD-1212F TRW 4701-03-1212 |1 R107 RES: MF, 1/80, 1% 4. 32K | RNSSD-4321F TRW 4701-03-4321 |1
G23 G637 a38 TRANS, SILICON, PLANAR, | 2N23694 MOT 4901-02-3691 |3
R272 RES, W, 1/8MW, 1%, 124 RNS5SD-1240F TRW 4701-03-1240 |1 R258 R274 RES. MF, 1/84, 1%, 264 RNSSD-4640F TRW 4701-03-4540 |2 EPITAXIAL, NPN, TO-18
R120 R193 R19S R213 R264 RES, MF, 1/8M, 1%, 130 RNSS5D-1300F TRW 4701-03-1500 |8 R230 RES, MF, 1/8W, 1%, 46. 4K | RNSSD-4642F TRW 4701-03-4642 |1 @10 G3 G3 68 69 TRANS, PNP, TO-92 MPS3640 moT 4901-03-6400 |3
R26% R283 R286
R1CG R107 R133 R15 R142 R176 [RES, ¥, 1/8, 1%, 499 RNS5D-4990F TRW 4701-03-4990 135 Q17 Q19 G21 622 TRANS, CENERAL 2N3903 NSC 4501-03-9030 |4
R179 R34 R9S RES. MF, 1/8W, 1% 1. 5K RNSSD-1501F TRW 4701-03-1501 |3 R2S R2956 R298 R34 R37 RS2 PURPOSE, NPN, TO-92
R90 R?1 R93
R147 R164 R169 R170 R251 RES, MF, 1/86W, 1%, 13K RNS5D-1502F TRW 4701-03-1302 Q11 @12 G30 Q31 G34 G35 Q36 |TRANS, GENERAL 2N3905 17T 4901-03-90%0 7
R2%2 R253 R41 R83 R136 R143 R149 R154 R156 RES, MF, 1/8W, 1% 4. 99K | RNSSD-4991F TRW 4701-03-4991 |16 PURPOSE, PNP, TO-92
R157 R165 R19& R247 R248
R233 R234 RES. MF, 1/8W, 1%, 15 RNSSD-135ROF TRW 4701-03-1509 |2 R249 R302 RS1 REY R94 R96 a14 a18 TRANS, P—CHANNEL 2NS462 nOT 2901-05-4620 |2
JFETS
R114 R117 R118 R119 R127 RES: MF, 1/8W, 1%, 1. 62K | RNSSD-1621F TRW 4701-03-1621 |8 R108 R295 RES, M, 1/80, 1%. 49. 9K | RNSSD-4992F TR 4701-03-4992 |2
R128 R129 R130 Q13 a16 a4 i TRANS, N-CHANNEL. JFETS |2N3485 mMOT 4501-05-4850 |3
R227 R228 R266 R294 RA0 R81 [RES,MF, 1/8W, 1%, 51.1 RNSSD-S1R1F TRW 4701-03-5119
RS0 RES. MF, 1/8W, 1%, 182 RNS5D-1820F TRW 4701-03-1820 |1 a6 TRANS 2NS771 PNP 2N8771 NSC 4901-05-7710 | 1
R48 RES, MF, 1/8%W, 1%, 5. 23K | RNSSD-3231F MEPCD |4701-03-5231 |1 SWITCH TO—92
R142 R150 R158 RES, MF, 1/8W, 1%, 19. 1K | RNS5D-1912F TRW 4701-03-1912 |3
R110 R124 R125 R177 R241  |RES. MF. 1/8W, 1%, 200 RNS5D—2000F TRW 4701-03-2000 |11 Rat2 RESIF. 1/86, 1%, 34.9 | RNSSD-04RoF TR 4701-03-547% |1 o5 320 323 625 626 a27 G28 TRANS, PNP.TO-92 res-Los FAIR | 4902-00-0080 |10
.\ MF, L 1% - @29 632 633
R259 R278 R303 R30S R39 REJ R260 RES, MF, 1/8W, 1%, 59 RNSSD~5ROF TRW 4701-03-5909 |1
|
WAVETEK TTLE ASSEMBLYNO.  1100-00-3397 REv WAVETEK TTLE ASSEMBLYNO.  1100-00-3a97 Rev WAVETEK TITLE ASSEMBLY NO. 1 100-00-3a97 REV
PCA, FREQUENCY GENERATOR BD bl PCA, FREQUENCY GENERATOR BD D PCA, FREQUENCY GENERATOR BD D
PARTS LIST 178-STD PARTS LIST 178-STD PARTS LIST 178-8TD
PAGE 8 PAGE 10 PAGE 12
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I REV J ECN I 8y IDAYEI APP
THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFOR-PART—-NO MFOR | WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFGR | WAVETEK NO. aTv/PT
a0 0PTO CPLP, FagT Nt S e v109 PHASE-FREQ DET, ECL  |MC12040 mor 8001-20-4000 |1
X T 00-00-000
z: 16, 5L, MD108 . uzs COUNTER, 12 BIT NIN, 14040 RCA 8001-40-4000 |1
. SEL, MD 7200~00~001 WWTK  |7200-00-0016 |1 MOS
GTY: 1: 7000~01-06800
U11 vso U7 FLIP-FLOP, DUAL J-K, 7408109 s10 8007-41-0910 |3
uas SRAM, 2KXB, 120NS. CMOPS | CXK9816PN~120L SONY  |8000-61-1600 |1 ™
vaz MICROPROCESSOR, SBIT |EF6d0ae gos 8000-68-0300 |1 vas MULTVB, DUAL RTRO, TTL |74LS123 s16 8007-41-2310 |1
U120 U19 U64 U76 U77 U78  |QATE. NAND. QUAD SN74LSOON T1 8000-74-0010 |& us U GATE. NAND. GUAD 74L6132 TI 8007-41-3210 |2
2-INP, TTL S/TRIG, TTL
vz GATE, NAND, GUAD SN7401N T1 8000-74-0100 |1 use DECODER, 1-8 LINE, TTL | 74LS138 T 8007-41-3810 |1 N
— 2-INPUT POS W/DC
ouUTPUTS U4 Us3 MUX.DATA, 1 OF 8, TTL |74LS151 TI 8007-41-5110 |2
v27 GATE, NOR. QUAD 74502 sic 8000-74-0201 |1 us7 ues u71 MUX, GUAD, 2-INP, TTL  |74LS157 TI 8007-41-5710 |3
2-INPUT
US1 UsS U7 COUNTER, SYNC 4-BIT, |74LS143 s10 8007-41-6310 |3
U10 U12 U1s GATE. NOR, QUAD, 741502 TI 8000-74-0210 |3 ™
218, TTL
raca us1 FLIP-FLOP, HEX D 74174 TI 8007-41-7400 |1
use INVERTER, HEX TI 8000-74-0400 |1
u4e FLIP-FLOP, GQUAD D, 748173 TI 8007-41-7510 |1
uss INVERTER, HEX, TTL 74L804 TL 8000-74-0410 |1 ™
uso uas GATE AND, GUAD 2-INP, |74LS0G TI 8000-74-0810 |2 Us? U70 U72 LSO UB1 UBS RAM, 16X4, 23NS, TTL N745189ND sie 8007-41-8900 |6
e
use BUF, OCT 38T OUT, TTL |SN74LS244N T1 8007-42-4410 |1 C
C u1a GATE, NAND, TRI 74810 sIc 8000-74-1001 |1
I-18PUT | us vee ue1 ue2 FLIP-FLOP, OCT D, TTL |7408273 Tt 8007-42-7310 |4
. E ASSEMBLY NO. REV
WAvVETEK TITLE ASSEMBLYNO. 1100003397 REV WAVETEK L 1100-00-3397
PCA, FREGUENCY GENERATOR BD ) ; PCA, FREGUENCY OENERATOR BD )
PARTS LIST 178-8TD PARTS UST 178-8TD
PAGE 14 PACE 16
]
> -l : A
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFOR-PART-ND MFOR | WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION OR10-MEOR-PART—NG MFOR | WAVETEK NO. aTY/PT REFERENCE DESIONATORS PART DEBCRIPTION ORIO-MFQR-PART-NO MFOR | WAVETEK NO. aTv/et
83% Q40 Q41 TRAN "OBSOLETED 2/91% |MNE41632E~1-D CcEL 4902-02-1320 |3 vis us OATE,NAND. 3 INP, TTL |SN7ALS1ON I 8000-74-1010 |2 w ve2 uss a7 ADDER, FULL 4-BIT, 7408203 TI 8007-42-8310 |3
T
su13 ASSY, RIBBON CABLE 20 | 6002-00-0013 WUTK | 6002-00-0013 |1 vz CATE, NAND, DUAL, 4 |74L820 I 8000-74-2010 |1 !
PIN X 22 LONG e, TIL | v COUNTER. BCD, TTL 74L5290 T1 8007-42-9010 |1
U100 U101 :Af:.r 8BIT HI-SPEED DAC-OBEQ(0BS} ~m 7000-00-0800 |2 u20 U1 FLIP-FLOP DUAL D- POS | 74574 TI 8000-74-7401 |2 | ue1 uss LATCH, OCTAL TRANSPAR |74L8373 moT 8007-43-7310 |2
EDOE TRIO W/3 STATE
utos g; »rm?tt;w 1741 | Liaaan NSC 7000-03-4800 |1 UL U4 U3 US4 US3 US2 U74 |FLIP-FLOP DUAL. D-POS |74L574 TI 8000-74-7410 |8 u7ra COUNTER, DUAL 4B BCD, |74L8390PC FAIR  |8007-43-9010 |1
FFERI AL INPUT usa EDGE TRIG, TTL T B
3:«172 usos 3:«:{; g:g? uiil  |oP-ame |LFasen NSC 7000-03-3600 |9 US6 U79 Las LSO LATCH. 4B BISTAB, TTL |74LS7% TI 8000-74-7510 |4 Uss rc.wnooemgegl,o. 8500-00-0201 WTK  |8s00-00-0201 |1
REF : 5007-41-8801 -
B u1e usa u7 OATE XOR, GUAD 2INP. |74LS0e TI 8000-74-8610 |3
uae COMPARATOR: LOW POWER | LM3I93N NSC 7000-03-9300 |1 ™m uaz IC, PROGRAMMED V1.0, 8600-00-0202 WUTK  |8600-00-0202 |1
LOW OFFSET VOLTAGE REF: 8007-41-8601 |
DUAL U3t U3k GATE. NOR, QUAD 2 MC10102 mar 8001-01-0200 |2
INP, ECL us2 IC, PROGRAMMED 8600~00-0340 WUTK  |8600-00-0340 |1
vi02 DAC, HI SPEED. 12 BIT, |ADS&SAUD AD 7000-05-6510 |1 REF: 8008-21-5300
ANALOG DEVICES AD3&54 us7 GATE, OR/NOR. MC10109 Mot 8001-01-0300 |1
oLy 2-2—21NP, ECL uss IC, PROGRAMMED V2. 3 8600-00-0374 WTK  |8600-00-0374 (1
REF: 8002-71-2800
U116 u;:f INTERNALLY LM741CN NSC 7000-07-4100 |1 U108 U110 U113 UZB U37 U3 |RCVWR. TRI LINE, ECL  |MC10114P moT 8001-01-1600 |7
COMP.  HIGH use
PERFORMANCE '
U24 U25 U6 UZ? U0 FLIP-FLOP DUAL, ECL  |MC10131 mar 8001-01-3100 |3
u113 TRANS ARRAY, HIGH CA3127E RCA 7000~31-2700 |1
FREG, NPN u32 U3l U9 FLIP-FLOP DUAL. D-HI |MC10231 noT 8001-02-3100 |3
SPEED, ECL
— u4a PROGRAMMABLE TIMER MCe840P nov 7000-68-4000 |1 ]
U121 TRANSLATOR, ECL TO MC10HISOP MOT 8001-03-5000 |1
u9s UPs LS COUNTER, UNIV HEX. HD10136P HTACH |7001-01-3s00 |3 ™
=l
! |
WA =ETE TITLE ASSEMBLY NO.  {106_00-3397 REV TITLE ASSEMBLY NO.  1100-00-3a97 REV AVY/X ETEK TITLE ASSEMBLY NO. 1 160-00-3397 REV 1
Vi K PCA, FREGUENCY GENERATOR BD D WaveTek PCA, FREGUENCY GENERATOR BD b PCA, FREGUENCY GENERATOR BD D
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THIS DOCUMENT CONTAINS - PROPRIETARY INFOR- - e
MATION AND DESIGN RIGHTS BELONGING TO G &N Z78! 2690 DCc /(l 2
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY 2774, 2745
REASON EXCEPT CALIBRATION, OPERATION, AND 776,
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. H | Ecn 2830 FNA 944,3%
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L AMP CAL R4 -N 3/03,3119- ,/n. 3452
Q | ecn 3427, Ro jpesg |
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RS . 2
4.64K c4 Cia .L Ri2 R13 o7 l_ P R | £cn 5353 o lews|
ai _ T o .0/ L5K 15K r$ S | N F469, 3626\ 0c Jwsd
. = L o — 7~ | Eci 3587 ¢ 7383\4,
Py 2N23694 3 vCR2 = "
E6 100 (@] Qg%/\ggoj T | ECN 3690 7 Wik K.
IMHZ IN @—A~ 222 U [ # 38¢3 Sc 9t
FROM- Jt{ i 2] RO |y8e
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L — SR8 15F SH 56pFSM|  43uFSM 10K o AC | 7785 BRI
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+I5V-1 200
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5K } ]
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cso = RIBT 26 Ritl SRl ) 33 3 o 1ok R/39
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REFERENCE DESIONATORS PART DESCRIPTION ORIG-MFOR-PART-NO MFOGR  |WAVETEK NO. ATY/PT || REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFOR | WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-~NO IMFOR | WAVETEK NO. aTY/PT
NONE ASSY DRWG, DUTPUT/P.S |0101-00-0732 WUTK  |0101-00-0732 |1 NONE INSULATOR. MICA 64-21-023-106 ASHVL  |3100-00-0006 |9 NONE ASSY DRWG, QUTPUT/P.8 |0101-00-0752 WYTK  |0101-00-0732 |1
NONE SCHEMATIC, QUTPUT/P.§ | 0103~00~0752 WYTK  10103-00-0752 |1 R339 RES. MF. 1/8W, 1%, 200 RNSS5D-2000F TRW 4701-03-2000 |1 NONE SCHEMATIC, QUTPUT/P. & | 0103-00-0752 WTK  [0103-00-0732 (1
NONE ASSY, WIRE 178-0928 178-2602 WUTK 1207-00-2602 |1 R352 R3SS RES. MF, 1/0W, 1% 4. 02K | RNSSD-4021F TRW 4701-03-4021 |2 NONE PC BD, PREPPED 176-1309 WVTK | 1208-00-1309 |1
178-0752
NONE KIT,PRE WAVE LOAD 178-1308 WYTK  |1208-00-1308 |1 R163 RES: MF, 1/8W, 1%, 4. 12K |RNSSD-4121F TRW 4701-03-4121 |1 )
176~-0732 | C110T €200 €89 C97T CAP, CER 0311-00018 WVTK 1500-00-5011 |4
R3S6 RES, MF, 1/8W, 1%, 51. 1 RNS3D-S1R1F TRW 4701-03-5119 |1 DISK, 3PF, 1KV, 10X
NONE HEATSINK, MOD 166-8879 WUTK 1400-00-8879 |1
FROM: 2800-11-0011 R1L2 RES, MF, 1/8W, 1%, 9. 07K | RNSSD-59091F TRW 4701-03-9091 |1 cizs CAP, CER, 10PF, 1KV DD-100 CRL 1500-01-0011 |1
NONE SHIELD PARTITION 178-0201 WVTK 1400-01-0201 |2 R313 R314 RES: WW. 10W, 3%, . 1 OHM [RH10-. 1 OHM 3% DALE  |4702-77-0019 |2 €18 C203 €204 €67 Co8 CAP, CER, 100PF, 1KV DD-101 CRL 13500-01-0111 |3
NONE CORNER POST T 178-0231 WYTK 1400-01-0231 |1 G36 Q46 G49 TRANS, POWER, NPN, TO-22 | 2N6486 MoT 4901-06-4860 |3 C149 C130 C159 C164 C167  |CAP, CER,. DD-102 CRL 1300-01-0211 |8
REF: 3200~02-0004 [ €208 C26 c81
NONE HEATSINK 178-0241 WUTK 1400-01-0241 |1 G43 G45 Q47 G48 TRANS, 2No4g9 moT 4901-06-4890 |4 €104 C10S C114 C115 C116  |CAP CER MON . OIMF CAC02Z5U1032100A CORNG | 1300-01-0310 |44
REF: 3200-02-0006 POWER, PNP, TO~220 Ci17 C118 C119 €120 C121 S0V, AXIAL
€122 C123 C124 C131 C132
NONE HEATSINK 178-0251 WVTK 1400-01-0251 |1 @51 TRANS, 2N6504 mMoT 4901-06-5040 |1 C137 C14 C154 €159 C16 C17
REF: 3200-02-0006 POWER, PNP, TO-220 €179 C20 C201 €202 C209
C211 €33 C37 C4 C41 C90 C&3
NONE SHIELD PARTITION 178-1291 WUTK 1400-01-1291 |2 as as SWITCH, DMOS-FET, BSD214 PHLP  |4902-00-2140 |2 C66 C71 C73 C74 C73 C76 CBS
N-CHAN, ENHANCE MODE i| €87 cas c93 c9s
NONE CORNER POST(X) 178-1311 WUTK 1400-01-1311 |3 |
REF: 3200-02-0004 626 Q27 TRANS A-400(0BS) AMPRX  |4902-00-4000 |2 j| € €100 €101 C102 C103 C106|CAP, CER, MON, . 1MF, 30V. | CACO3ZSU10420504 CORNG | 1300-01-040% |51
|| c1o8 c113 c12s c127 c129  |aX1AL
NONE HEATSINK, MOD 178-3129 WUTK 1400-01-3129 |2 621 @25 TRAN RF PNP TO-72 A-440(0BS) AMPRX  (4902-00-4400 |2 i| €133 C13% C140 C143 C147
FROM: 2800~11-0011 .| €151 c132 c1%6 c162 C186
RT1 THERMISTOR 18.6 OHMS | 155-180FAK-BO1 FENWL  |5300-00-0002 |1 | €168 C170 C171 C174 C182
NONE PLATE, LINKING 178-6241 WUTK 1400-01-6241 |1 +/-23% CUST COATED €183 C186 C189 C19 C191 C21
C225 C27 C28 C3 C34 C36 C43
WAVETEK TITLE ASSEMBLY NO. 1100-00~0752 REV \NAVETEK TITLE ASSEMBLY NO. 1100-00-0752 REV WAVETEK TITLE ASSEMBLY NO. 1208~-00-12308 REV
PCA, QUTPUT/P. S. AL - PCA, QUTPUT/P. 8. AL KIT:PRE WAVE LOAD 178-0752 aF
PARTS LIST PARTS LIST PARTS UST
PACE 1 PACE 3 PAGE 1
REFERENCE DESIONATORS PART DESCRIPTION ORIO-MFOR~PART-NO MFOR | WAVETEK NO. arTyY/PT REFERENCE DESIONATORS PART DESCRIPTION ORIG-MFOR-PART-ND MFOR  |WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFOR~PART-NO MFOR | WAVETEK NO. aTY/PT
€242 NONE CAP, CER 0311-00018 WYTK 1300-00-5011 |2 N ASSY, RIBBON CABLE 20 |6002~00-0014 WUTK | 6002-00-0014 |1 C44 C31 C52 CS54 CS6 €38 C39
DISK. 5PF, 1KV, 10% PIN X 5 LONG Cé1 Co62 €72 CBS C90
NONE CAP, CER: 100PF, 1KV DD-101 CRL 1300-01-0111 |1 ve1 VOLT REGULATOR MA7E03UC (OBS) FAIR  |8000-78-0500 |1 cas CAP. CER. 130F, 1KV DD-130 CRL 1300-01-5011 |1
c245 CAP, CER, 15PF, 1KV DD-150 CRL 1300-01-3011 |1 c40 cs0 CAP, CER, 22FF, 1KV DD-220 CRL 1300-02-2011 |2
NONE CAP, CER, 470PF, 1KV DD-471 CRL 1300-04-7111 |1 €143 C205 c207 CAP, CER, 220PF, 1KV DD-221 CRL 1300-02-2111 |3
c241 CAP, MICA, 120PF, 500V, R |DM15-121y ARCO 1500-11-2100 |1 €138 €139 €15 C&3 CAP, CER, 33FF, 1KV DD-330 CRL 1500-03-3011 |4
ADIAL
€91 CAP, CER, 390PF, 1KV DD-391 CRL 1300-03-9101 |1
c243 CAP, MICA, 130PF. 300V | DM15-151J ARCO 1500-11-5100 |1
€82 C92 €93 C94 CAP, CER, 470PF, 1KV DD-471 CRL 1500-04-7111 |4
c24a CAP, MICA, 220PF, 500V, R | DM15~221J ARCO 1500-12-2100 |1
ADIAL cre CAP, CER, 360PF, 1KV DD-561SLL CRL 1500-0%-6101 |1
Jo CONN, COAX SOCKET 226287-2 2100-03-0038 |1 €69 €70 CAP, CER, B20PF, 1KV DD-821 LONG LEAD CRL 1500-06-2101 |2
NONE SPRING SOCKET 50935-1 ane 2100-03-0039 |1 C37 C38 CA6 CA7 CAP, MICA, 100PF. 500V |DM15-1014 ARCO 1300-11-0100 |4
£22 23 TERMINAL TAB (FASTON) |&2747-1 aMP 2100-04-0038 |2 c48 co CAP, MICA, 13PF, SO0V DM13-1500 ARCO 1800-11-3000 |2
NONE SUPER KIT 2300-0178-01 WYTK | 2500-0178-01 |1 c2 CAP, MICA, 130PF, 300V  |DM13~151F ARCO 1300-11~5101 (1
NONE HEATSINK 2606SHSE WAKE  |2800-11-0012 |6 c77 CAP, MICA, 20PF, 300V, RA |DM13-200J ARCO | 1500-12-0000 |1
DIAL
NONE WASHER 3607-150 SESTM  |2800-11-0013 |9
€22 c3o CAP, MICA, 270PF, 500V | DM15~2714J ARCO  [1500-12-7100 |2
NONE FERRITE BEAD 56-390-65/3B FERRX |3100-00-0001 |4
ca2r CAP, MICA, 30PF, 500V, RA |DM15-300J ARCO 1300-13-0000 |1
NONE BALUN CORE 2873000902 FARIT |3100-00-0002 |5 DIAL
TITLE ASSEMBLY NO.  1100-00-0752 REV TITLE ASSEMBLYNO.  1100-00-0752 REV l TITLE ASSEMBLY NO. 1 208-00~-1308 REV
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I REV l ECN I BY I DATEJ APP
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFGR WAVETEK NO. QTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIC—-MFGR-PART-NC MFGR WAVETEK NO. QTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFGR WAVETEK NO. QTY/PT
Ci3 €S CAP, MICA. 330PF, SO0V DM15-331J ARCO 1500-13-3100 2 K1 K2 K3 K5 K& K7 KB K9 RELAY. REED. FORM-A HESR1A-8123 HAMLN 4500-00-0007 8 R170 RES, MF, 1/8W; 1%, 20K RN5SD-2002F TRW 4701-03-2002 1
€12 c206 CAP, MICA, 43PF, SO0V DM15-4304 ARCO 1500-~14-3000 |2 K10 K4 RELAY, REED, FORM-C RA30571051 ETROL | 4500-00-0009 |2 R207 R21&6 R221 R222 R223 RES, MF, 1/8W, 1%:21. § RNSSD-21R5F TRW 4701-03-2159 (23
R224 R225 R226 R227 R228
€7 C9 CAP: MICA, 47PF, 500V DM15-470J ARCD 1500~14-7000 2 R271 R41 R8& POT, TOP TRIM, 207, 100K |69WR100K BECK 4509-90-0001 3 R233 R234 R235 R236 R237
R238 R23% R240 R331 R339
€240 CAP, MICA, 470PF, 500V DM15-471J ARCO 1500-13-7100 1 R279 POT, TOP TRIM. 20T, 10K |&BWRIOK BECK 45609-90-0002 1 R&F R84 RS
[314] CAP, MICA, 5&6PF, 500V DM15-560J ARCO 1300-15-6000 1 R115 R307 R4 RSS Ré1 POT. TOP TRIM, 20T, 1K SBWR1K BECK 4609-90-0005 S R304 RES, MF, 1/6W, 1%, 2. 21K RNSS5D-2211F TRW 4701-03-2211 1
Ci1 c8 CAP, MICA, 560PF, 300V DM15-861J ARCO 1500-15-6100 2 R143 R174 R198 R&B R91 POT, TOP TRIM, 20T, 100 | &6BWR100 BECK 4609-90-0019 S R122 R128 R1397 R142 R159 RES. MF. 1/8W, 1%, 249 RNSSD-2470F TRW 4701-03-2450 8
R260 R261 R357 .
C23 Cc24 c25 CAP, MICA, 620PF . 300V CD15-621F CDE 1500-16~-2100 3 R273 R87 POT, TOP TRIM. 207,200 LBWR200 BECK 4609-90-0020 2
1% R120 R16 R1&3 R1B R259 R27 |RES, MF, 1/8W, 1%, 2. 49K RNSSD-2491F TRW 4701-03-2491 8
R121 POT, 20T, TOP TRIM. SHEWRS00 BECK 4609-90-0023 1 R57 R73
c43 CAP, MICA, B2PF, 500V mM1S-820J ARCO 1300-18-2000 1 500 OHM
R192 R337 R&2 RES, MF, 1/8M, 1% 274 RNS3D-2740F TRW 4701-03-2740 3
€107 C109 C111 C163 C172 CAP, ELECT. 100MF, 35V NRE101M35V10X12. 5 NIC 1500-31-0102 8 R318 R31% RES. C. 1/2M, 5%. 10 RC-1/2-10J STKPL 4700-25-0100 2
C173 €53 ¢S85 RADIAL LEAD,SP .20 R&7 RES, MF, 1/8W, 1%, 301 RNS3D-3010F TRW 4701-03-3010 1 —
R29S R29& R302 R303 RES.C,1/2W, 5%, 1.8 RC-1/2-1R8J STKPL 4700-25-0189 4
C112 C148 C180 CAP, ELECT, 1000MF 716V 1500-31-0214 WVTK 1500-31-0211 3 R118 R277T R3 R34S RS RES, MF, 1/8W, 1%, 3. 01K RNSSD-3011F TRW 4701-03-3011¢ S
RADIAL LEAD. SP .20 R205 R206 R217 R218 RES, C., 1/2W, 3%, 27 RC-1/2-270J STKPL 4700-23-0270 4
R79 RE0 RES; MF, 1/8W, 1%, 30. 1K RNSSD-3012F TRW 4701-03-3012 2
€142 CAP, ELECT, 33MF, 23V RLR 336RLRO2SM 1c 1300-33-3002 1 R152 R153 R154 R1SS RES, MF, 1/8W, . 1%, 1. 3K | RNSSE-1501B CORNG 4701-02-1501 4
RADIAL LEAD, SP .14 R269 R40 RE8 RES, MF, 1/8W, 1%, 301K RNSSD-3013F TRW 4701-03-3013 3
R1 R11 R127 R14 R182 R30S3 RES, MF. 1/8W, 1%, 100 RNSSD-1000F TRW 4701-03~1000 11
C141 C144 C163 C149 CAP, ELECT, 470MF / 50V CRE SERIES 470/%0 CAPAR 1300-34~7103 L R3S R31 R6& R7 RE2 R106 R107 RES, MF, 1/9W. 1%, 30. 1 RNSSD-30R1F TRW 4701-03-3019 (2
RADIAL LEAD: SP .30
R158 R161 R17 R2% R26 R281 S. MF, 1/8W, 1%, 1K RNSSD-1001F TRW 4701-03-1001 19 R70 RES, MF, 1/8W, 1%: 332 RNSSD-3320F TRW 4701-03-3320 1
€134 C13& CAP, ELECT, 4700MF /25V NRSA472M25V18X36 NIC 13500-34~7202 2 R286 R291 R292 R293 R298
RADIAL LEAD. SP .50 R301 R317 R320 R353 R354 R123 R124 R12S R172 R17S RES, MF, 1/8W, 1%, 3. 32K RNSSD-3321F TRW 4701-03-3321 7
R49 R74 RB? R176 R3S0
€158 C160 CAP ELECT 16V RADIAL NREGB2M146V22X41 NIC 1500-36—-8201 2
WAVETEK TITLE ASSEMBLY NO. 3508 00-1308 REV V\/AVETEK TITLE ASSEMBLY NO.  4508-00-1308 REV WA ETEK TITLE ASSEMBLY NO.  4208-00-1308 REV
KIT, PRE WAVE LOAD 178-0752 AF KIT. PRE WAVE LOAD 178-0732 AF WV KIT, PRE WAVE LOAD 178-07%2 AF
PARTS LIST PARTS LIST PARTS LIST
PAGE 3 PAGE O PAQE 7
REFERENCE DESIGNATORS PART DESCRIPTION OR1IG~-MFOR-PART-NO MFGR WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIC-MFCR-PART-NO MFGR WAVETEK NO. QTY/PT REFERENCE DESIONATORS PART DESCRIPTION ORIG—MFGR-PART-NO MFOR WAVETEX NO. QTY/PT
Ls .40 R1468 R184 R21 R22 R287 R28Y9 |RES, MF. 1/8W, 1%, 10K RNSSD-1002F TRW 4701-03-1002 & R73 R7&6 RES, MF, 1/8W, 1%, 33. 2K RN3SSD-3322F TRW 4701-03-3322 2 «
co? CAP, MYLAR, . O22MF 100V | 225P22391WD3 SPRAG 1900-42-2314 1 R3%8 RES, MF, 1/8W, 1%, 100K RNSSD-1003F TRW 4701-03-1003 1 R10% R110 R11i1 R114 R312 RES. MF, 1/8W, 1%, 33. 2 RNSSD-33R2F TRW 4701-03-3329 7
R31% R316
Co4 C98 CAP VAR CER 3. 3/13PF 7S-TRIKO-02 3. 8/13PF (0| TRIKO 1500-51-3000 2 R133 R140 R141 R229 R230 RES, MF, 1/8W, 1%. 10 S043ED10R 100F MEPCO 4701-03-100% 13
160V REF: 108. 0130 R231 R232 R282 R283 R284 R333 R34 RES, MF, 1/8W, 1%, 3. 63K RNSSD-3651F TRW 4701-03-3651 2
R285 RI9 R&S
ca9 CAP, VAR, 7-3SPF 250V 7S-TRIKD~-02 7/3SPF{0BS| TRIKO 1300-53-5000 1 R3& RES: MF, 1/8W, 1%, 3. 74K RNSSD-3741F TRW 4701-03-3741 1
R101 R147 R30 R3O0 R71 RES, MF, 1/8W, 1%, 1. 21K RNSSD-1211F TRW 4701-03-1211 S
€161 CAP, TANT, 1MF, 35V 150D10%X203%A2 SPRAG 1500-71-0502 1 R132 R183 R? RES, MF, 1/84W, 1%, 392 RNSSD-3920F TRW 4701-03-3920 3
R299 R300 RES, MF, 1/8W, 1%, 12. 1K |RNS5D-1212F TRW 4701-03-1212 2
€126 C153 C157 C176 C177 CAP. TANT, 22MF, 20V | 202A2002226M3 MATSO 1500-72-2621 & R23 R&0 R&3 RES: MF, 1/8W: 1%, 4. 02K RNSS5D-4021F TRW 4701-03-4021 3
€190 R233 R254 R81 RES. MF, 1/8W, 14, 124 RNSSD-1240F TRW 4701-03-1240 3
R24 RES. MF, 1/8M, 1%, 464 RNSSD-4640F TRW 4701-03-4640 1
L1 L2 L3 CHOKE, 82MH. 5% 1537-72 DLVAN 1800-00—-0005 3 R126 R195 R202 R72 R98 RES, MF, 1/6W, 1%, 150 RNSSD-1300F TRW 4701-03-13500 -]
RS RES, MF, 1/78W, 1% 4. 64K RN33D-4441F TRW 4701-03-45641 1
L7 L9 CHOKE, . 18MH, 10% 1025~02 DLVAN 1800-00-0012 2 R12 R13 RES, MF, 1/84, 1%, 1. 5K RNSSD-1501F TRW 4701-03-1501 2
R10 R102 R103 R104 R1i12 RES, MF., 1/8, 1%, 499 RNSSD-4990F TRW 4701-03-4990 17
Le INDUCTOR, . 22 MICRO H 102504 DELWN 1800-00-0021 1 R138 R15 R177 R178 R187 RES, MF, 1/8W. 1%, 15K RNSSD-1502F TRW 4701~03~1302 12 R117 R13% R173 R191 R20
R188 R19 R270 R32 R33 R332 R294 R297 R321 R3%1 R42 R47
L10 L4 INDUCTOR, 330MH 250004 DELVYN 1800-00-0022 2 R&4 R9? L
LS L6 INDUCTOR, 390MH 2500-08 DELUN 1800-00-0023 2 R134 RS3 RES, MF, 1/8W, 1%, 18 RNSSD-15ROF TRW 4701-03-1509 R116 R12%9 Ri31 Ri4é R167 RES, MF, 1/8W, 1%, 4. 99K RNSSD-4991F TRW 4701-03~4991 i9
R180 R190 R194 R196 R199 R2
Jea U8 CONN, HEADER 1-4403846—0 Amp 2100-02-007% 2 R77 R78 RES, MF, 1/8W, 1%, 165 RNSSD-1650F TRW 4701-03-1650 R20C R272 RZ7% R276 R28
R309 R31 R328
TP1 TP2 TP3 TP4 TP5 TP6 TP7 |BUSS BAR STANDOFF 2110-001 ARTWR 2100~-05-0024 |9 R119 R197 R201 R212 R288 RES, MF, 1/8W, 1%, 200 RNSS5D-2000F TRW 4701-03-2000 13
TP8 TP9 R290 R36 R3I7 RS2 RE3 RFO R108 R109 R341 RES, MF, 1/8W, 1%, 51. 1 RNSSD-31R1iF TRW 4701-03-%5119 3
R92 R94
NONE TRANSIPAD 10123N(0BS) METRS 2800-11-0003 11 R160 R203 R204 R219 R220 RES, MF, 1/8UW, 1%, 8. 76K RN33D-37&1F TRW 4701-03-5761
R280 R340 R342 R343 R344 RES. MF, 1/8W, 1%: 2K RNSSD-2001F TRW 4701-03-2001 ] R327
NONE Bf\LW CORE 2873000902 FARIT 3100-00-0002 2 RS8
R136 R34 Ro R83 RES, MF, 1/8W, 1%, 619 RNSS5D-6190F TRW 4701-03-6190 4
\/\/AVETEK TITLE ASSEMBLY NO.  1208-00-1308 REV WA =TE TITLE ASSEMBLY NO.  1008-00~1308 REV TITLE ASSEMBLY NO.  1208-00-1308 REV ]
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l REV I ECN I BY IDAYEI APP
THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
REFERENCE DESIONATORS PART DESCRIPTION OR16-MFOR-PART~NO MFOR WAVETEK NO. aTY/PT | !| REFERENCE DESIGNATORS PART DESCRIPTION ORIG~MFGR-PART-NO MFOR WAVETEK NO. arY/PT
R215 R242 a8 TRANS, GENERAL 209139 FAIR 4701-05-1390 1
PURPOSE, PNP, TO-92
R113 RES, MF, 1744, 1%, 71. 8 RN&OD~71RSF TRH 4701-13-71%9 1
a30 a3 TRANS 2N9160-18(0BS) MoT 4901-0%-1600 |2
R130 R1S1 RES NETWORK 22K 2% 4310R~-101-223 BOURN 4770-00-0033 |2
10PIN SIP BUSS as2 TRANS: N-CHANNEL. JFETS | 2N9489 Mor 4901-05-4850 |1
R274 278 R310 311 R323 324 |RES, SET, 2-10K, 1/6W 47859-00-001% IRC 4789-00-001% |3 a9 TRANS 2N3583 PNP HIOH |2n5383 Mot 4901-05-3830 (1
QTY: 2: 4701-03~1002 FREG TO-39
R3435 R44 R4&6 R4B RES. O OHM JUMPER JPORTE90 ROHM 4799-00~-0087 4 Q10 @11 G12 Q13 G14 @15 G16|TRANS 2N3771 PNP 2NS771 NSC 4901-05-7710 11
@17 @18 G2 a9 SHNITCH TO-92
CR40 CR42 DIODE. ZENER. 3.3V 1INTA6A FAIR 4801-01-0746 2
Sx u3c SWITCH, DUAL TL188CN TI 7000-01-8800 |1
TOL., SO0MW, G/B, IN746A COMPLEMENTARY SPST
CR10 CR3% CR4& DICDE, REFERENCE, LOW |1N43981 MICRO |4801-01-4%81 |3 U2 u3 ue 0P AMP, HIGH SPEED LM318H AMD 7000-03-1800 |3
LEVEL, TEMP COMP
V12 U1S U1s U17 COMPARATORS, GQUAD 0665-00364 WVTK 7000-03-3900
CR23 DIODE, ZENER 9. 1V, INSR39 TEL 4801-01-5239 i VOLTAGE
GLASS SILICON, 3S00MW
us oP AMP LF357N NSC 7000-03-5700 i
CR34 CR44 CR43 DIODE, RECTIFIER, Z2KEPORM 24 4801-02-02%54 3
BRIDOE u27 DAC, MONOLITHIC, 10 AD %61 J AD 7000-05-6100 1
BIT
CR15 CR1&6 CR4 CRS DIODE, ULTRA FAST 1N4R4S T/CSF 4807-02-0777 4
' U23 U24 U28 U2? U33 U34 U35 |0P AMP, INTERNALLY LM741CN NSC 7000-07-4100 |7
SO TR G PRSI s | i el £ i
] ' 4 PERFORMANCE
CR21 CR22 CR26 CR27 CR28 A SWITCHING
g:g g:gscggb‘:g:;?cg% Ve MODULATOR-DEMODULATOR | MC1496P MOT 7000-14-9600 1
+ BALANCED
CR41 CR47 CR48
VET . v VETE ASSEMBLY NO. REV
M =K TITLE ASSEMBLY NO. 1208-00-1308 RE TITLE 1200~00~1308
KIT, PRE WAVE LOAD 178-0732 AF \A/A K KIT.PRE WAVE LOAD 1780732 AF
PARTS LIST PARTS LIST
PAQGE 10 PAQE 12
REFERENCE DESIONATORS PART DESCRIPTION ORIC-MFOR-PART-NO MFOR WAVETEK NO. aTv/PT REFERENCE DESIONATORS PARYT DESCRIPTION ORIC—FOR-PART-NO MFOR WAVETEK NO. aTty/PT REFERENCE DESIONATORS PART DESCRIPTION ORIO-MFOR-PART-NO MFOR WAVETEK NO. aTY/PT
e DIODE ULTRA FAET LO CA2019(08BS) HARIS 7000-30-1900 1
R241 R93 RES, MF, 1/8W, 1%, 61. 9 RN3SD-&61RF TRW 4701-03-6199 2 CR6& 7 89 DIODE, EET, 4-FD-666& 4898-00-0013 WVTK 4898-00-0013 1 CAPCAC “OBS #4/19/91"
@QTY: 4: 4807-02-6566
R308 RES, MF, 1760, 1%, 7. 19K |RN3SD-7131F TRW 4701-03-71%1 1 ul TRANG ARRAY, OENERAL |CA-3046 RCA 7000-30—-4600 1
G27 @37 TRANS 2NZ219A NPN 2N2219A NSC 4901-02-2191 |2 PURPOSE NPN
R100 R193 R208 R329 R33Y RES, MF, 1/8MW,: 1%, 730 RN33D-7300F TRW 4701-03-7300 |7 GENERAL PURPOSE TO-2
R338 R97 u1o u22 TRANS ARRAY. NPN/PNP CAJ09GAE HARIS 7000-30-9600 |2
a1 TRAMS, SILICON, PLANAR: | 2N225%9A MoT 4901-02-3691 1
R130 R179 R181 R186 R189 RES, MF. 1/6W, 1% 7. 5K RNSSD-7S01F TRW 4701-03-7%01 (7 EPITAXIAL, NPN. TO-18 u3e SENSING CIRCUIT, MC 3423 MoT 7000-34-2300 |1
R323 R3IA0 OVERVOLTARE
a24 42 TRANS 2N2903A PNP 2N29054 NBC 4901-02-9051 2
R29 R34& RES, MF, 176, 1%, B2S RN33D-B230F TRW 4701-03-82%0 2 GENERAL PURPOSE TO-Y V18 U19 U0 u21 ANALOC SWITCH ARRAY, 0663-00228 WYTK 7000-50-0000 |4
DMOS FET QUAD
R322 RES, MF, 1/8W, 1%, 8. 87K | RN3ISD-B871F TRW 4701-03-8871 1 Q19 G23 63 G4 TRANS. NPN: TO-92 2N3%63 FAIR 4701 -03-36320 4
uU1a u32 INVERTER BUFRB/DRVRS, | 7416 810 8000-74-1600 |2
R183 RES, MF, 1/6W, 1%, 90. 9 RNSSD-S0RF TRW 4701 -03-909% 1 Q38 637 G40 TRANS, OQENERAL PN3b42 NSC 4901-03~-6420 k<] HEX, W/0C HIGH VOLT
PURPOSE. NPN, TO-92 o/P
R1&6 RES, MF, 1/8M, 1%, 976 RNSSD-9760F TRW 4701-03-9760 1
a34 a7 TRANS, NPN, -TO-92 MPE3646 mMoT 4701-03-6460 2 uz GATE XOR/XNOR, TRI 2 |MC10107 moT 8001-01-0700 1
RI0& RES, MF, 1/8M, 1%, 9. 76K RN33D-9761F TRW 4701-03-97461 1 INP. ECL
ase TRANS, NPN, TO-39 2N3728 805 4701 -03-7250 1
R243 R244 RES, MF, 1/44, 1%, 100 CMF-071000F DALE 4701-13-1000 2 ™ moT 4901 a u2s FLIP-FLOP, QUAD D. 74L8173 TI 8007~-41-7510 1
a28 631 633 ANS 2N38464 ~03~-86&0 TTL
R243 R24& R249 R230 RES. MF, 1744, 1%, 121 RN&OD-1210F TRW 4701-13-1210 4
a2 TRANS, GENERAL. 2N3703 NSC 4901-03-9030 |1 Uil Ui4 u2s FLIP-FLOP, OCT D. TTL |74.8273 TI B8007-42-7310 |3
R247 R248 R231 R232 RES, MF, 1744, 1%, 124 RN&OD-1240F TRW 4701-13-1240 4 PURPOSE., NPN:  TO-92
u31 FLIP-FLOP, OCT D: TTL |74LS374 TI 8007-43-7410 1
R2%8 RES, MF, 1/44, 1%, 196 RN&OD- 1 260F TRW 4701-13-1960 1 Q60 TRANS %D;gro_vz 2N3904 (DBS) FAIR 4901-03-90560 1
GENERAL
R255 R256 R2%7 R262 R263 RES, MF, 1/44, 1%, 332 RN&OD—-3I320F TRW 4701~-13-3320 9
R264 R2637 R266 R267 Q3% G41 Q44 TRANS, LOW LEVEL, 2N4248 FAIR 4901-04-2480 3
PNP, TO-92
R209 R210 R211 R213 R214 RES, MF. 1/4M: 1%, 49. 9 RN&OD-4RIF TRW 4701-13-4997 7
. X REV TITLE ASSEMBLY NO. REV
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NN WHT/BLK | J
Il T | !
RN [ :
‘Zg\: »l ]
. Ja'pa
R I S bo oo | BLY
' | : .
!
Jz8 ! GRY
| or 0o : { WHT/BLU 8¢ END
! LND 1 | %l g =
[} ) i |
T (118v) 250v,2A,SB _ | 7,
i = ¢ (@301 3500, ise F O MHIZERY O, BLY 10€ 15V AC
! Sier : :
| | MR | il GRN ,
: = pPls P L & H GRN/YEL T 7 7|
_____ gy oR ety VS ‘ (5¢d 180 5vAC
U S S B R i GRN o
GRNYEL | i ) T
v 1 N (7 &
Fao ? WHT 2
/77 6 ? IS0 44vAC
il ’ (
i WHT <3
N 2 S OUTPUT/POWER
E]! &J Q N REAR PANEL SUPPLY BCARD
V] (A3) a4
Fo__lt_le_|4
i o g
| R 1 n
I %\(} ! -
: 1 | 1
! -
| \ |
| -Q ' -4

i PARTIAL REAR PANEL REFERENCE DESIGNATORS
SHOWN . PREFIX WITH ASSEMBLY REF DES(A3)

NOTE: UNLESS OTHERWISE SPECIFIED

1
| S— :
|
I

Lol ]
CHASSIS
“n

REMOVE ALL BURRS

DRAWN DATE

AND BREAK SHARP EDGES

S.CHERMACK 52980

MATERIAL

’RELEASE APPROV
Nusd 4o

FINISH
WAVETEK PROCESS

PROJ ENGR

WAVETEK SAN DIEGQ * CALIFORNIA

ﬁma&@ -5 &

TOLERANCE UNLESS
OTHERWISE SPECIFIED
XXX 1010 ANGLES *1

XX__-.030

TITLE

SCHEMATIC :
REAR PANEL
(43)

DO NOT SCALE DWG

SCALE

Biny 23338

MODZL NO WG NQ.

/78 K0/03-00-0814

SHEET [

OF [

Ty —
BISHOP GRAPHICS/ACCUPRESS
REQUDER NO. A4

2

! 1



° / | b | 5 4 4 | 3 2
NO. p-32x28" PAN HEAD REV ECN 8y | pave| aee
. — .
— SCREW WITH SPLIT LOCK A #2983 FAZ27A 3
THIS DC T CONTAINS ETARY INFOR- — 77
MAINTENANGE WITHOUT WRITTEN AUTHORIZATION, —|¥ 3680 (CL TIL) |Dx pass) [
B | 7396 RG hgssl]
C 1803 Ac Pespp| s
D | 9140 WS AR

NO.E-32 x5/&" FAN HEAD

NO. &-32x38" LAN
HEAD SCREW WITH
FLAT WASILER, SFLIT
LOTK WASLER AND
HEX NUT(TYP3PLCS)

(REF) TRANSFORMER WIRING WITH BLACK
FIBERGLASS SLEEVING TO BE ROUTED THRU
CABLE CLAMP, ITEM NO. 22, AS SHOMWN.

& ITEM NO, 9, COVER SUPPORTS (2), IN-
STALLED WITH ,125X.250 GRIP POP-RIVETS
(3 PER SUPPORT). NOTE ORIENTATION OF
COVER SUPPORTS, INSTALL AS SHOWN.

A INSTALL ITEM NO. 21 WITH .125X.250

GRIP POP-RIVET FROM OUTSIDE PANEL SURFACE.

/3\ N0, 10-32X2-1/2" PAN HEAD SCREW WITH FLAT
WASHER, SPLIT LOCK WASHER, HEX NUT,
FLAT WASHER, ITEM NO. 22, FLAT WASHER,
SPLIT LOCK WASHER, AND HEX NUT AS SHONN.
/2 T0 BE WIRED AT CHASSIS LEVEL,
1. ALL WIRE TO BE SLEEVED AS REQUIRED,

NOTE UNLESS OTHERWISE SPECIFIED

v

‘ Y 3 NO.G-32x¥8" PAN HEAD
! SCREW WITH SPLIT LOCK
WASHER (TYP 4 PLCS)
“ S Sk (WITH Tv-WRAP
SCREW WITH SPLIT LOCK gt R BN 2800-00-000G)
WASHER ‘ v " ~
kK b S NO.IO32x1" PAN HEAD SCREW
(TvP 2 PLCS) (TYP 4 PLCS) @m G WITH SPLIT LOCK WASHER
D ST @) o R ,/ (72 SNA  AND HEX NUT(AS SHOWN)

3

27)

NO. 6-32x78" PAN . "

HEAD SCREW WITH
FLAT AASLICR JPUIT
LOCK WASHER AND
HEX NUT: DO NOT
OVERTIGHTEN

NO.1032x 2" PAN HEAD
SCREW WITH FLAT WASHER
SPLIT LOCK WASHER AND
HEX NUT (TYP 3 PLCS)

(@) INSTALL WITH SPLIT
LOCK WASHER AND
HEX NUT (TYP 2 PLCS)
SEE DETAIL A" FOR

ORIENTATION OF ITEM NO &

SCREW WITH SPLIT LOCK

WASHER (TYP 2 PLCS)

\

FLATS ON JACK
SCREWS MUST BE
ALIGNED PARALLEL
70 EDGE OF CONN
HOUSING (TYP AS SHOWN,

/|

oy (—) o)

DETAIL A"

JACK SCREW ORIENTATION

REMOVE ALL BURRS
AND BREAK SHARP EDGES

DRAWN
D.CCCFER

DATE

5

MATERIAL

/7\ NO. §-32 X 3/8" SOCKET HEAD CAP SCREW

PROJ ENGR

Y Nh

VWVAVETEK ... oco-cxroms

2-8-x TITLE

RELEASE APPROV

S

i

FINISH
WAVETEK PROCESS

WITH SPLIT LOCK WASHER, ITEM NO. 13,
AND METAL LOCK NUT (CAD PLATE) 2 PLCS,
AS SHOWN.

oT
XXX
XX

-.010
- 030

TOLERANCE UNLESS
SPECIFIED
ANGLES "1

ASESEMELY
REAR FANEL

SCALE

DO NOT SCALE DWG MODEL NO DWG NO
/72 ol

REV

CGOE

JDENT 23338
DERT

SHEET / OF .

— e
() BiEHOF GRAPHICS/ACCUPRESS
REORDER NO. A-3894

2

i

1



8 7 6 l 5 4 3 2 [ 1
[EVI ECN BY IDATEI AP !
THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
MAINTENARCE WITHOUT WRITTEN AUTHORIZATION,
CORCOM  WIRING
b DESTINATION coLor | Ga.
) 4 TRANSEORMER ORN_| 24
B JUMPER 10 “R”
C TRANSFORMER. BK | 24
D TRANSFORMER Gey | 24
5 TRANSFORMER WHT/BLK | 24
F | _TRANSFORMER WHT, GRY| 24
_ H JUMFER 70 8"
e \ J FAN WAL/ TEL | 22
| \X€ J /! D——__E _T. A. /_L D f FJNEP SWich ”%;’fo ZZZO e INSTAL L SWIT Ll L b 0T B=L
| 2L apatiToR SCREW COvER Lo SED THARAT INFLATT ANL STLLIR 25 THI Y
IS staraTion ann saen- A8l ey O - W70\
WARE STACKUP(TYP 2 PLCS
| S POWER SWITCH PED | 20 POP-RIVET(Z) N SeLrER anD SLE
THESE WIFES 70 BE P POWER SWIT(CH BLK |20 (/N 2800-12-00/C) LEALE (&)
AS SHORT AS L | FEAR ANEL GND-E4G VYEL | /8 “
SEE DETAIL "D () (3 FOSSIBLE PWR_SW.REAR FAL. CND-EAT|i B8R | 22 DETAIL "B
ror insTai -2\ INSTALLATION SWITCH S'IPFORT EL
TION AND HARD- \ EROM XFMR
WARE STACK UP V8
o T~ (T'g ) CAPACITOR ) v
70 OUTPUTY &) TO FAN { g ) _ \ S \) 70 CAPACITOR (- HEATSHIINK N| S
POWER ‘\\ (BLK) ~ ot
SuPPLY BO R FROM XEMR @ O CAL TE TERMINAL & 18w
o ~ R "STAND F SN CORT A, . 1
ez X, BUSS "B"TO "H” AS {MOW/\/ WITH FULL I i
T 553 Sk, S GAD LUG (REF) HEATSHRINK INSUL ATIOA | 51;
/'? \ N (O] S,
2] — \ SEE , (REF)
> \\ FOR INSTALLA? ZN
(REF)ITEM NO.2) ' OF TLIS ENC 7HL ~
WITH TY-WR AP \ e
POWER SWITCH WIRING - \
- SEE CORCOM WIRING FOR '4\‘\
5 ) o /
PINS(BLK) < s (re
.7 2 ‘ﬁ FOLD FIRST ROW
P ».\/4\1" OF TABS TOWARD THE
PN (D) - [,!| CENTER AS SHOWA.
55 Z AND COVER LIGHTLY
e WITH RTV 3140 ,
PIN 2 (GRM) — INT. TOOTH -
o GRN /7 YEL —— Edo LOCK WASHER
SEE (& CORCCM TO E4e)
SWITCH TO BE COVERED DETAILB” -
@ W%f; Fish PACER (2) NUT DETAIL T
B IND SLRIK SLEEVE WHT/FAN o AR { TYP BNC HARDWARE STACKUP
CAUTION: (PR sw ! oy (TYE 7 PLCS. ONLY)
===t Y SHIELD GND E47 —_——
SHRINK SLEEVING 70 F47)
MUST CLEAR .
YPUSH-PLISH" PIN A=
T~
\29 an: BUSS WIRE
] o FUNCTION coLoe HEAT SHRINK
/| NDT USED .
Z | TRANSFORMER WHT ]
3 | TEPANSFORMER WHT
4 | NOT USED GRN/YEL(REAR PNL @ 8
5| TRANSFORMER GRN GND-F47) i
6 _NOT USED -
7 .r,eA,a/:Jm/eME,e N (REF)REAR PANEL WHT/GRY (F) J
8 TRANSFORMER WAL 51U - (7)555 DETAIL T
S TRANSFORMER BLU GRY(D")
10| TRANSFORMER 8Ly S \\ - REMOVE ALL BURRS DRAWN DaTE
A HEX NUT (REF) BN 2100-01-0006 WHT/BLK(E") Ao sncax snave oces| 2 COOPER 17750 \AAVIE TEK won oeco couromn
\“@ BNC SHELL ONLY OBTAINED aTERAL o I
FROM CHASSIS CABLE ORN (4" e e (RS
KIT RYN 1207-00-0873 47 T ASSEMBL Y
DETAIL E” TOLERANCE UNTESS FEAR PANFL
(/L A7 & BLK("C”) FINISH OTHERWISE SPECIFIED
BNC SHELL INSTALLATION WAVETEK PROCESS X gz ANSkEsT
AND HARDWARE STACK-UP DO NOT SCALE DWG _ |MODEL NO DWG NO REV
NOTE UNLESS OTHERWISE SPECIFIED SCALE /7S Clo-08-Os1a| D
vt 23338 SHEET 2 OF 2
DI
7 6 | 5 + 4 3 2 1




1

THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

NOTE UNLESS OTHERWISE SPECIFIED

[HEVl

l BY rDATEI APP

REFERENCE DESIGNATORS PART DESCRIPTION ORI0~MFOR—PART-NO MFOR WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG—MFGR-PART-NO MFOR WAVETEK NO. aTY/PT
NONE ASSY DRWO, REAR PANEL |0102-00~0814 WYTK 0102-00-0814 |1
22 CABLE CLAMP 770-1505 CONCD | 2800-00-0010 |1
NONE SCHEMATIC, REAR PANEL |D103-00-0814 WYTK 0103-00-0814 |1
41 MOUNTING CLIP 512011 e 2800-09-0033 |4
43 WASHER INT TOOTH 021500006 SL0SS | 0213-00006 4
#10, ZINC 25 CAP, MTG, BKT FaR ST™M 2800-12-0006 |1
1 TRANSFORMER, POWER 178~0032 WVTK 1204-00-0032 |1 NONE RIVET 3/32%3/16L 1131-0306 AVDEL |2800-12-0010 |2
2 ASSY, OPIB DECODER 176-0863 WVUTK 1208-00-0865 |1 NONE RIVET 1/8X3/16L 1125-0406 AVDEL |2800-12-0011 |7
3 SCREEN COVER 172-7823 WUTK 1400-00-7523 |1 NONE SCREM, 10-32 HEX MUT.Z |10-32 HEX NUT CMRCL | 2800~14-1000 |4
23 INSULATOR, PWR SWITCH |801-8370 WYTK 1400-00-8370 |2 43 NUT, HEX, 8-32, Z 8-32 HEX NUT CMRCL | 2800-14-8100 |1
REF: 1600-99-0001
NONE SCREMW, 10-32X2. 5, PH, PH | 2800-18-0140 CMRCL | 2800-18-0140 |1
NONE LABEL, OPTION 172-8880 WUTK 1400-00-8880 |1 LP. NP
NONE END BELL, CHROME 1400-00~%014 WVTK 1400-00-9014 (1 NONE SCREW. 10-32X2, PHP, T 10-32X2 PH CMRCL. 2800-18-0232 |3
4 PANEL; REAR 178-0130 WYTK 1400-01-0130 |1 44 SCREW, 8-32X3/4 RD HD: [8-32 X 3/4 R.H. CMRCL | 2800-18-8112 |1
PHLP, Z
E BRACKET, CAPACITOR 178~0163 WUTK 1400-01-0163 |1 '
NONE WASHER, FLAT, PLATED., |SAE 10 CMRCL | 2800-26-0000 |9
& JACK SCREW 859-0330 WVTK 1400~01-0330 |2 #10
7 LABEL, CAUTION 839-1400 WYTK 1400-01-1400 |1 a2 WASHER, SHOULDER, WHITE | 2668 SMITH |20800-27-0004 |8
8 SHIELD. H. V. 17€~1633 WYTK 1400-01-1633 |1 26 WASHER NYLON FLAT 2264-N-383 AMTOM | 2800-28-0005 (8
9 COVER SUPPORT 178-2033 WUTK 1400~01-2033 |2 33 SCREW COVER 12/12FLT BTM BLK 180 |PRODC |2800-28-0012 |2
1 POLYESTER FILM 175-3191 WVTK 1400-01-3191 |1 27 PLUC BUTTON 2643/DP-300 BLACK HEYCO |2800-3%-0003 |1
WAVETEK TITLE ASSEMBLY NO. 1101-00-06814 REV MVETEK TITLE ASSEMBLY NO. 1101-00-0014 REV
PARTS LIST | " & Y PARTS UST | " ™= Y
PAGE 1 PAGE 3
REFERENCE DESIONATORS PART DESCRIPTION ORIO—MFOR-PART-NO MFOR WAVETEK NO. GTY/PT REFERENCE DESIONATORS PART DESCRIPTION ORIC-MFOR~PART—MNO MFCR WAVETEK NO aTY/PT
REF: 1500-99-0002
40 PLUG BUTTON 2653(BLACK) HEYCO |2800-33-0004 |1
20 CAP, CER: . O1MF, 1KV GAP-103 CRL 1500-01-0309 |1
NONE #10 LOCKWABHER: PLATED |#10 REC CMRCL | 2800-42-0000 |5
10 CAP, ELEC, S2000MF, 13V | FAHM32000-15-B3 CDE 1300~3%-2301 (1
LOCKWASHER, #8 SPLIT #GSRLW CMRCL | 2800-42-8000 |1
31 PCB, SWITCH SUPPORT BD |839-0730 WVTK 1700-00-0730 |1 RING. 8S
REF: SPEC
0008-00-0455 REV C 28 BRIDGE ASSY 30 AMP MDA990-1(0BS) Mot 4899-00-0010 |1
12 CONN BNC KC-7744 KING 2100-01-0002 |7 29 SWITCH ASSY PB 5103-00-0020 WUTK $102-00-0005 |1
14 HOUSING 1~&640433-0 AP 2100-02-0080 |1
13 CONN: RECEPTACLE &VJ1 CORCM  |2100-03-0026 |1
16 SOLDER LUG 1497 SMITH |2100-04-0012 (7
NONE Lue 3s IL8CO |2100-04-0018 |2
13 SOLDER LUG 114144 ZIER 2100-04-0023 |2
17 TERMINAL RECEPTACLE 6409191 e 2100~04-0039 |2
(FASTON)
18 FUEGE, 24, 230V, 8-B iMDX 2 BUSS 2400-05-0030 |1
|
19 FAN FILTER | 302 PAMOT | 2600-01-0005 |1
20 FAN, MODIF IED 2600-99-0003 WVTK 25600-99-0003 |1
FROM: 2
21 TIE MOUNT T™-236C PANDT | 2800-0C-0003 |1
MVETEK TITLE ASSEMBLY NO. 1101-00-0814 REV WAVETEK TITLE ASSEMBLY NO. 1101-00-0814 REV
REAR PANEL v uST REAR PAMEL v
PAGE 2 | PACE 4 l

] @

REMOVE ALL BURRS DRAWN DATE
AND BREAK SHARP EDGE

MATERIAL PROJENGR

TITLE

—
FELEASE APPROV

VY YT TR T

FINISH

WAVETEK PR 38
\4 OCESS XX

TOLERANCE UNLESS
o

XXX 010 ANGLES '1

SPECIFIED

».030

PARTS LIST

REAR PANEL

DO NOT SCALE DWG  |MODEL NO

SCALE

178

OWG NO

1101-00-0814 | V

CODE
IDEAT

23338

SHEET

1o 1

BISHOP
BEQRDES

GRAPHICS/ACC JPRESS i
R NO. A3B4

2

!

l

1



REV ECN l BY DATE APP
I3 =
THIS DOCUMENT CONTAINS PROPRIETARY INFOR- A 2577 [L00 12t ;=]

MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

APPLY RTV -
NO. 162 4S SHOWN
2PLACES
SOCKET
(REF: 2100-03-0056)
STANDOFF
SWITCH PC.
(REF25199-00-0001) . (95‘5)0 x.500 SWAGE

PTV NOI62 4
(REF) "4

p=R=g=p=)

B -GPIB ABLE
N 6009-60-002 |
REFERENCE DESIGNATORS PART DESCRIPTION OR1G—-MFCR-PART-NO MFGR WAVETEK NO. QTY/PT (PE/_—)
SOLDEP THESE FOUQ NONE ASSY DRWG, GPIB DCDER | 0101-00-0865 WVYTK 0101-00-0865 1
P/Nf ONL% DP/OP NONE PCB, GPIB ADDRESS BD 859-0730 WVTK 1700-00-0730 1
7O INSTALLING GPRIB nc CAL6S—1011m ca
NONE KET A165-101 2100-03-0056 1
CABLE
NONE STANDOFF, SWAGE . 500 1531B-1/2-11 USECO 2800-02-0003 2
H. . 250 HEX&-32, . 062
MAT’L
NONE SWITCH PC 500-103 DUNCN 5199-00-0001 1
NONE GPIB CABLE 6009-90~0021 a3 6009-90—-0021 1 u
REMOVE ALL BURRS ___ |DRAWN DATE
AND BREAK SHARP EDGES | KO £/EEL | 72450 WAVETEK
MATERIAL PROJENGR SAN DIEGO = CALIFORNIA
TITLE
RELEASE APPROV
— ASSEMBLY
LERANCE UNLESS
T OTHERWISE SPECIFIED GPRIB DECODER B0
WAVETEK PROCESS XXX :.010 ANGLES -1 ‘
WAVETEK TITLE ASSEMBLY NO. REV XX_+.030
o1 1208-00-0865 A DO NOT SCALE DWG  |MODEL NO DWG NO. REV
NOTE UNLESS OTHERWISE SPECIFIED PARTS LIST ASSY. DECODER SCALE 178 O/01-00-0865 A
= ol e
PAGE 1
SERs, 23338 SHEET /[  OF [

(B) BISHOP GRAPHICS/ACCUPRESS
REORDER NO. A-3894

7 6 5 4 3 2 l p




REV €cn av | pate] aee
THIS DOCUMENT CONTAINS PROPRIETARY INFOR- A | ECN 43499 ro|9s581| 4
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY 8 | ECNYa444 0.7, 3288 , =
REASON EXCEPT CALIBRATION, OPERATION, AND y
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. C | Eco #* 7884 i Viafgd

D | éco® 781 |7 |%k|Z

i E JECOPII-263 dig a8l
=

Rl =1 7 RETVER W

I 3
)
C
AN E2100-01H00CE BNC aa

SHELL OBTAINED FROM
CHASSIS CABLE KIT
AN 1207-00-0873

e 3) (THICK FLAT WASHER)

NOTE: SOLDER LUG
ORIENTATION , AS
sHown (3 PLCS)

CABLE DESTINATION LIST

(&
ALL CABLES OBTAINED FROM oYU T
CHASSIS CABLE KIT &/NI20700-0873 AND BREAK SHARP EDGES [CHE RML.CK])- 1451 WAVETEK
MATERIAL 'BDJ (T SAN DIEGO » CALIFORNIA A
CABLE#| FROM 70 e Rigronl /- T
RELEASE APPROV
W15 | J36 | J39 |FREQ GEN ' ASSEMBLY
Wie |J35 |EBE34| BOARD TEmEIE | FRONT PANEL
FINISH XXX :.010 ANGLES =17
ZIXADDLY KTV ADHESIVE ( WAVETEK# IL,DD-03-0010. DDW CORNING %3145) AROUND THE ELGE CF THE DISPLAY Wiz |J34 | Je  |OUTPUT/PIR WAVETEK PROCESS o £030 :
vore oness omvenmise secimeo FILTER AMD MOUNT T IN THE PANEL. MAKE SURE THAT NO KTV SPRERLS SUPPLY BD DO NOT SCALE DWG__JMocELNo oweTo. .
TeTHE fw gl Lo pE NOTE: BLK WIRES AkE GNOD SCALE | /7& /O Z-00-08 92 F
- i E%T 23338 | sEet /o /

BISHOP GRAPHICS/ACCUPRESS 1 I
REQRDER NO. A-3894 3

7 | 6 | 5 ) 4 3 2 | 1



THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

NOTE: UNLESS OTHERWISE SPECIFIED

REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFOR-PART-NG MFOR WAVETEK NO. GT\’/PT‘,
NONE ASSY DRWO, FRONT PANEL |0102-00-0892 WYTK 0102-00-0892 1
4 PCA, 178 MATE DISPLAY 1100-00-2958 WYTK 1100-00-2958 1
LOGIC BD, 8K RAM
1 ASSY, SUB PANEL 178-0893 WVTK 1206-00-0893 1
NONE SUPER KIT 2500-0178-03 WVTK 2500-0178-03 1
10 SCREW: PAN CAD I WITH |4~32X3/8 PAN LL CMRCL 2800-23-6106 10
LONGLOK &4-32 x ass
NONE WASHER, 1/2 IN IT 1/2 IN IT WASHER CMRCL 2800-24-0008 |3
us IC, PROGRAMMED V1.0, 8600~00-0204 WYTK 8600-00-0204 1 -
REF: 8008-21-2601
uzo 1C, PROORAMMED V2. 4 B&00-00~0362 WVTK 8600-00-0362 1
REF: 8002-71-2800,
MODEL 178 DISPLAY BD
us IC, PROGRAMMED V1.0 8600~-00-0343 WVTK 8600-00-0343 1
REF: 8008-21-2501 178
DISPLAY BD
WAVETEK TITLE ASSEMBLY NO. 1101-00-0892 REV
PARTS LIST ASSY, FRONT PANEL c
PAGE 1

REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFCR WAVETEK NO. atyY/PT
REF ASSY DRWG, FRONT PANEL |0102~00~0892 WVTK 0102-00-0892 1
NONE ASSY., SUB FRONT 178-1966 WVTK 1206~00-1966 1
NONE OVERLAY, FRONT PANEL 178~0&70 WVTK 1400-01-0670 1
NONE FILTER, DISPLAY 178~1240 WTK 1400-01-1240 1
2 HANDLE, WHITE 172-31%2 WUTK 1400-01-2152 |2
FROM: 1400-00-6%51
3 CONN BNC KC-7944 KING 2100-01-0002 |3
S SOLDER LUG 1497 SMITH |2100-04-0012 |3 ]
? SCREW. F.H. CAD 6-32X5/8 FLAT HD CMRCL  2800-19-6110 |4
PLATE. &-32x5/8
X
-] FLAT WASHER. NYLON 2678 SMITH |2800-26-0004 |3
WASHER, SHOULDER: WHITE |2648 SMITH (2800-27-0004 |7
7 WASHER NYLON FLAT 2264-N-385 AMTOM | 2800-28-0005 1
V/A‘ = K TITLE ASSEMBLY NO. 1206-00-0893 REV 4
TE ASSY, SUB PANEL. D
| PAGE 1

MATERIAL

REMOVE ALL BURRS DRAWN DATE
AND BREAK SHARP EDGES

TITLE

RELEASE APPROV

PARTS LIST

FINISH
WAVETEK PROCESS

TOLERANCE UNLESS
OTHERWISE SPECIFIED
XXX 1.010 ANGLES :1

XX =030

ASSY

, FRONT PANEL

DO NOT SCALE DWG  |MODEL No.

SCALE

178

DWG NO. REV

1101-00-0892 | ¢

2R 23338

SHEET 1 ofF 1

&}

BISHOP GRAPHICS /ACCUPRESS
SEORDER NO. A27085 8

2

1




8 7 6 5 ¥ 4 3 2 1
REV ECN 8Y DATE APP
A [ECN 2543 D0 Pkl
S T o icite, BELONGING. T B | azess azos  |ac |weed 12
B e A ARATION. OPERATION, AND T Tadig <7 TR 024
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. ‘ D 7003 p(j -/7'% K -
! X
WITH Tr-WRAP "E 1 Eco” 7918 PGz
(BN 2800-C0-C06) F | ECO# a4l MS [7),"ons
INSTALL WITH NC.4-40x Ya” G | ECo® 91-198 TRYED
PAN LIEATT ~oREW FLAT WASHER, T TECO® 37263 R

INSTALL ON (?
BOTTOM SURFACE
OF MOUNTING

PLATE, AS SHOWN

Z%EF SECTION
VEW A-A

NO. @'32)(:%9 u‘/coa —/

F1.AT HEAD SCREW
(2 PLCE)

NO. E-32 55" FAl HEAD SCREW

(DPLLE)

INSTALL 2 ON FRONT (3)/10
SURFACE , AND 1 ON TOP
SURFACE OF MOUMNTING
PLATE , A5 SHOWN

SPLIT LOCK WASHER AND LIEX NUT

PAN HEAD SCKEW AND

SDLIT | DK NN SIS
S~ LUK WA DSHLR

NO. 632 x3* PN HEAD SCREW
WITH SPLIT LOCK WASHER
(4 PLCS, ITEMG)

SEE DETAIL A
FOR CABLE CLIP MOWTING
(FARSIDE)

(3¢ " STANDOFF )
/—@ INSTALL WITH NO.G-32x3&"
7

&

FLAT WASHER

z@j@w
NO. 6-32x¥8" PAN HEAD SCREW

WITH SPLIT LOCK WASHER AND

section viEw A=A

prd

NO. 2-56 x ¥8" PAN HEAD SCREW

WITH SPLIT LOCK WASHER (2)

(POWER SWITCH)

(3) INSTALL INSIDE OF
CHASSIS SIDE PLATE
POS/TION, AS SHOWN,

(3 PLCS)

INSTALL ON
COVER OF SHIE DQ
PARTITIONS, AS
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THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
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THIS DOCUMENT CONTAINS PROPRIETARY INFOR.
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

NOTE UNLESS CTHERWISE SPECIFIED

| REVl ECN I BY IDATEI APP

REFERENCE DESIGNATORS

PART DESCRIPTION

ORIG-MFGR- PART- 2

MFGR WAVETEK NO. QTY/PT

NONE ASSY DRW@, CHASSIS 0102-00-0812 WYTK 0102-00-0812 1

i8 CABLE 178-087C WVTK 1207-00-0873 1

3 SPRING 147-383 WVTK 1400-00-3730 1
REF: 3200-01-0001

19 MTG. BKT 172-6332 WVTK 1400-00-6332 2

2 SHIELD PLATE 178-1202 WVTK 1400-01-1203 1

4 COVER, TOP i17g-1222 WYTK 1400-01-1222 1

5 POWER ROD 178-1231 WVTK 1400-01-1231 1

& BRKT, SHIELD MNTG 178-1683 WYTK 1400-01-1683 1

7 COVER, BOTTOM 178~-3102 WVTK 1400-01-3102 1

20 SPRING CUARD-178 154-7980 WVTK 1400-01-7980 1

NONE CHASSIS WELDMENT 178-1712 WVTK 1400-02-1712 1
MODEL. 178

8 TIE MOUNT TM-256C PANDT 2800-00-0005 1

9 CLAMP, CABLE E~4 RICH 2800-00-0022 1

10 FLAT CABLE CLIP FCA-15 WEKSR 2800-00-0027 ?

17 SPACER . 750H, . 250 2323 SMITH 2800-03-0010 7
HEX6-32 THRU
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RETAIN
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APPENDIX A
American Standard Code for Information Interchange (ASCII)

b7

B'TS

0 .10 0 0 1 1 1 1
s 0 MSG 0, |MSG |1, (MSG |1 4 |Msa 0, [MSG | ‘0, |MsG 1, |MsG | 1, [MsG
T'“f"’f"i :-'wﬂ‘“r 0 1 2 3 4 5 6 7
olojolo] o |NuUL DLE SP 0 @ P | \ A p ]
ofoloj1| 1 |[SOH|GTL |DCt | LLO | 1 A Q a q
ofoi1{o] 2 |sTx DC2 “ 2 B R b W r w_]
ofo[1]1[ 3 JETX DC3 # T 13 r_Lc T 1s i S_|s §_
ojijolo} 4 Jeorjsocipcajpc s | o |4 | o 1D | ol7T ]|9]d odt 1 o
olt{o[1] 5 [ena[rpc [NAK] PPU | % E s | @ e | @ju|mle S lu |9
o|1[1]o] 6 |ACK SYN & o 6 o F o v o f x v ]
of{1{1{1] 7 |[BEL ETB a 7 A G a | w a g o | w a
1ofofo] 8 JBs [aeTJcan]sPe [ | 9718 | 2 [ H | 2 X [z |n [ 2 |x [ 2]
1jofo[+] s [AT [ter [EM[sPo | ) | @[5 [ 2 |1 1 2Ty [ o1 | 51y i
1lo[1]o] 10 | LF SUB e T T ez [T o1z o]
tlofrfi] 11 [vr ESC + | g Skl &l &l 21152
1]1[olo] 12 | FF FS =TT o2 T =21 =21 T <
1]1]o[1] 13 |cR GS - = M ] m| 2] ]2
1[1]1]o] 14 |sO RS . > Y N ~ ] n ~
11 [1]1| 15 | s us / [ ? JUNL | O Y | JunT ] o | | DEL
\ Vv V
ADDRESSED UNIVERSAL ./ LISTEN TALK
COMMAND COMMAND ADDRESS ADDRESS
GROUP GROUP GROUP GROUP
(ACG) (UCG) (LAG) (TAG)
-V V
PRIMARY COMMAND GROUP (PCG) SECONDARY
COMMAND
GROUP
(SCQ)
'MSG = INTERFACE MESSAGE
b1 = DIOT...b7 = DIO7
*REQUIRES SECONDARY COMMAND
*DENSE SUBSET (COLUMN 2 THROUGH 5)
DC4 = DCL Device clear
DC1 = LLO Local lockout
NAK = PPU Parallel poll unconfigure Universal Command Group
EM = SPD Serial poll disable
CAN = SPE Serial poll enable
SOH = GTL Go to local
EOT = SDC Selected device clear
ENQ = PPC Parallel poll configure Addressed Command Group
BS = GET Group execute trigger
HT = TCT Take control

A-1



APPENDIX B

PROGRAMMING COMMAND SUMMARY

(Excluding GPIB Command Groups Given in Appendix A)

Control and Data Model 178 ASCII
Names Key Character

Change Signs +/- -
Decimal Point . .
0,1,2,...9 0,12 ...9 0,1,2,...9
Amplitude AMPL A
Mode (Main) MODE B
Function FUNC C
Offset OFFSET D
Frequency FREQ F
Trigger Select (Ext/Int) EXT/INT G
Manual Trigger Released (Gate Off) MAN TRIG (Released) H
Execute EXEC I
Manual Trigger Pushed MAN TRIG (Pressed) J
Set Phase PHASE K
Set Phase Zero Reference PHASE REF L
Store Setting STORE M
Sweep Start Frequency START FREQ N
Sweep Stop Frequency STOP FREQ 0
Output On or Off ON/OFF P
Trigger on Rising/Falling SLGPE Q
Burst Count BURST R
Sweep Mode MODE S
Sweep Time TIME T
Previous Stored Setting - U
Vp-p, Vrms, VdBm Select AMPL DEF \
Next Stored Setting - W
Recall Stored Setting RECALL Y
System Reset RESET Z
GET Mode XG
Frequency Sweep Hold HOLD XH
Frequency Sweep Resume RESUME XJ
Marker Select MARKER XN
Marker Frequency MARKER FREQ X0
Front or Rear Panel Output Select FRONT/REAR XP
SRQ Enable XQ
Talk Message XT
Terminator XV

B-1



APPENDIX B (Cont)

Function (C) Code Trigger Slope (Q) Code

0 Sine 0 Rising Edge, Gate on High
i Triangie 1 Falling Edge, Gate on Zero
2  Square

3 Ramp

4 DC GET Mode (XG) Codes

5 AM (Sine)

Main Generator Mode (B) Code

Continuous
Triggered

Gated

Burst

Triggered Haverwave
Gated Haverwave
Burst Haverwave

OO WN 2O

Sweep Mode (S) Code

0 Sweep Off

1 Continuous Sweep, Linear

2  Triggered Sweep, Linear

3 Triggered Sweep and Hold, Linear

4  Continuous Sweep, Logarithmic

5  Triggered Sweep, Lorarithmic

6 Triggered Sweep and Hold, Logarithmic
Output On/Off (P) Code

0  Output Off, Load Out

1 Output On

2 Output Off, 502 Load In

Front/Rear (XP) Code

0 Front Panel Output
1 Rear Panel Output

External/lnternal Trigger (G) Code

0 Main Generator Triggered by External Input
1 Main Generator Triggered by Internal Generator

NOTE: This parameter selects which kind of
action the 178 will take when it receives a GET
command.

0 Execute and trigger upon receipt of GET com-
mand (no error checking).

1 Fetch next stored setting, execute and trigger
upon receipt of GET command (no error check-
ing).

—1 Fetch previous stored setting, execute and trig-
ger upon receipt of GET Command (no error
checking).

SRQ (XQ) Code
NOTE: This parameter selects the conditions
under which the GPIB flag is sent by the 178.
0  SRQ off.
1 SRQ sent if a programming error occurred.

Amplitude Definition (V) Code

0 Volt Peak-to-Peak
1 Volt rms
2 Volt dBm

Talk Message (XT) Code

NOTE: This parameter selects the kind of
message the 178 will send when it is address-
ed as a talker on the GPIB.

0  Sweep Status. When read: 0 - No Sweep.
1 - Sweeping.
List of Programming Errors. When read,
message sets to null.
Serial Poll byte message.
Value of most recently programmed selector.
Main Generator Settings.
Sweep Generator Settings.
Current Markers Frequency.
Model and Software Version.

oy

~NOoO O~ WN



APPENDIX C

DISPLAYS
Key Display-—ACTUAL (Explanation)
Pressed

ADRS GPIB ADDR (Decimal address) (Listen character) (Talk character)

AMPL AMPL (Value) (Unit of measure Vp-p, Vrms, dBm)

AMPL DEF AMPL IN (Unit of measure selected Vp-p[0], Vrms[1], dBm[2])

J (beep) {(Audible beep)

BURST BURST COUNT (Value)

CLEAR ENTRY (Clears any unexecuted numerical entry of the last parameter entered)

CMD RCL (A string of letters and numbers up to 40 characters long displayed 20 characters at a time
and shifted by the cursor —, —)

CURSOR —, — | (If a value is being displayed, the selected digit blinks. If there is no value being displayed,
there is no effect. If it was a command recall or type 2 error display, — shifts the display 4
characters to the left. If it was a command recall or type 2 error display, — shifts the
display 4 caracters to the right.)

CURSOR 1 (If the display is a value, code or storage location number, it increments.)

CURSOR | (If the display is a value, code or a storage location number, it decrements.)

DISPLAY TEST | (All display segments are lit.)

EXEC If no errors: EXECUTE. If class 1 error: (Parameter identified) ERROR. If class 2 error:
ERROR (Parameter identified).

EXP (If previous display was a value or a code, it is suffixed with an EQ.)

EXT/INT (INTERNAL or EXTERNAL) TRIGGER (Code)

FRONT/REAR (FRONT or REAR) OUTPUT (Code)

FREQ FREQ (Value) (uHz, mHz, Hz, kHz or MHz)

FUNC FUNC (Function) (Code)

HOLD HOLD AT (Value) (uHz, mHz, Hz, kHz or MHz)

LOCAL {No change)

MAN TRIG (When pressed: No display if in continuous mode, TRIGGER if in any triggered or burst
mode, GATE if in gated mode, and when released, no effect in any triggered, gate, or burst
mode.

MODE (Main) MODE (CONTINUOUS [0] TRIGGERED [1], GATED (2], BURST [3], TRIG HAVER [4], GATED

HAVER [5] BURST HAVER [6])
C1



APPENDIX C (Cont)

Key
Pressed

Display—ACTUAL (Explanation of Possible Displays)

MODE (Sweep)

MARKER
MARKER FREQ
OFF/ON
OFFSET
PHASE REF
PHASE
RESUME
RECALL
RESET
SLOPE
START FREQ
STOP FREQ

STORE

STATUS

TIME

(Number Keys)

SWP (OFF [0], CONT LIN [1], TRIG RST LIN [2], TRIG HOLD LIN [3], CONT LOG [4], TRIG
RST LOG [5], or TRIG HOLD LOG [6])

MARKER (Number) (Frequency) (uHz, mHz, iz, kHz or MHz)

MKR FRQ (Value) (uHz, mHz, Hz, kHz or MHz)

OUTPUT (OFF, LD OUT (0) or OFF, LD IN (2)

Under remote operation, certain
OFFSET (value) (uV, mV or V) characters may appear in the
extreme right side of the display.
PHASE REFERENCE SET Those_characters are:
PHASE (Value) DEG or NO PHASE (SWEEPING) R — Remote
RESUME L — Addressed to Listen
T — Addressed to Talk
SETTING (Value) RECALLED Q — Request for service

because of either Class 1 or
RESET Class 2 errors.

TRIG SLOPE (POS [0] or NEG [1])

SW STRT (Value) (uHZ, mHZ, HZ, kHZ or MHZ)
SW STOP (Value) (uHZ, mHZ, HZ, kHZ or MHZ)

If no errors: NO. (Value) LAST STORED. If class 1 error: (Parameter identified) ERROR.
If class 2 error: (Parameter identified).

Display changes automatically:

FREQ (Value) (uHZ, mHZ, kHz or MHZ)

AMPL (Value) Unit of measure Vp-p, Vrms, dBm)
OFFSET (Value) (xV, mV or V)

FUNC (Function) (Code)

MODE (Main generator mode) (Code)

BURST COUNT (Value)

PHASE (Value) DEG

SW STRT (Value) (uHZ, MHZ, kHZ or MHZ)

SW STOP (Value) (uHZ, mHZ, HZ, kHZ or MHZ)
MKR FRQ (Value) (gHZ, mHZ, HZ, kHZ or MHZ) SELECTED
SWP (Mode) (Code)

SWEEP TIME (Value) SEC

OUTPUT (ON or OFF) (Code)

(FRONT or REAR) OUTPUT (Code)

(EXTERNAL or INTERNAL) TRIGGER (Code)
TRIG SLOPE (POS or NEG) (Code)

SWEEP TIME (Value) SEC

(Number corresponding to the selected key)
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APPENDIX D

OUTPUT AND.TIMING FOR BASIC MODES AND FUNCTIONS

Continuous

Triggered Gated

Burst (Burst length = 4)

/

NORM

j—————————— INVERTED

Trigger
Input

Selected
Waveform
r——

Sine
Triangle

Square

Ramp

HAVER-
SINE

HAVER-
TRIANGLE

"HAVER-
SQUARE

HAVER-
RAMP
Sine

Triangle

Square

Ramp
Haver-
sine
Haver-
triangle

Haver-
square

Haver-
ramp

Out *

*In phase with square wave only.

TTL
Sync {
TTL
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APPENDIX E
MODE COMBINATIONS AND OUTPUT

With seven main generator modes, seven sweep
generator modes and two trigger modes, the number
of possible output configurations is very large;
however, as can be seen from table 3-5, it is sufficient
to illustrate only 28 of these configurations and to ex-
trapolate for the remainder.

NOTE
SWEEP OFF refers to the state of the main
generator not the sweep generator.

B0,S0 (Main Cont, Sweep Off)—A continuous fixed
frequency is supplied by the main generator. Sweep
output, a continuous ramp, is unrelated to the function
output.

FUNC OUT

AVAVAVA VAV

B1,50,G0 (Main Triggered, Sweep Off, Main Trig-
gered Externally)—A trigger initiates a single cycle
at the selected frequency.

EXT TRIG IN

I
Ny

FUNC OUT

B1,50,G1 (Main Triggered, Sweep Off, Main Trig-
gered by Sweep)— The sweep generator triggers the
main generator producing a single cycle at the
selected frequency.

_—1 1

Y

SWP OUT

FUNC OUT

|
|
N

B2,50,G0 (Main Gated, Sweep Off, Main Gated Ex-
ternally)—The main generator is gated on for a
period determined by the trigger input at a fixed fre-
qguency.

EXT TRIG IN —l l—-——
i

INNAN—

FUNC OUT

B2,50,G1 (Main Gated, Sweep Off, Main Gated by
Sweep)—The main generator is gated by the sweep
generator with the gate time dependent upon the

sweep time.
|
I | |
| | |
FUNC OUT ! A |

LAST CYCLE STARTED
IS COMPLETED

B3,50,G0 (Main Burst, Sweep Off, Main Externally
Triggered)—A trigger initiates a fixed frequency burst
at the selected frequency for a period determined by
the burst length.

EXT TRIG IN

|
l
FUNC OUT N N AVAV A

BURST LENGTH =4

E-1



APPENDIX E (Cont)

B3,50,G1 (Main Burst, Sweep Off, Main Triggered
by Sweep)—The sweep generator triggers a fixed fre-
guency burst from the main generator at the selected
frequency for the duration of the programmed burst

length.
SWP OUT —I/\ /
[ |
i I
I EEAVAVAVAV AV

BURST LENGTH =4

B0,S1 (Main Cont, Sweep Cont)—The output is a
continuous output continuously sweeping from the
start to the stop frequency.

1T —1—

1 tor VAT VAL

FUNC OUT

SWP OUT

B1,51,G0 (Main Triggered, Sweep Cont, Main Trig-

gered Externally)—A single cycle of a sweeping
waveform is generated for each trigger.

EXT TRIG IN

SWP OUT

FUNC OUT

B1,S1,G1 (Main Triggered, Sweep Cont, Main Trig-
gered by Sweep)—The sweep generator triggers a
single cycle at the start frequency.

/l/\/

&

SWP OUT

-

FUNC OUT

E-2

B2,51,G0 (Main Gated, Sweep Cont, Main Gated
Externally)—When the trigger signal is received the
main generator produces a sweep burst proportional
to the trigger pulse width. The start frequency is ran-
dom, somewhere between the start and stop fre-
guency.

EXT TRIG IN __’l L_____
I
|
|

1 LA
FUNC OUT Vil / -

LAST CYCLE STARTED
IS COMPLETED

SWP OUT

B2,51,G1 (Main Gated, Sweep Cont, Main Gated
by Sweep)—The sweep generator triggers the main
generator producing a sweep burst whose frequency
varies between the start and stop frequency for a
period set by the sweep time.

/‘/\/

118}
FUNC OUT o

SWP OUT

B3,51,GO (Main Burst, Sweep Cont, Main Trig-
gered Externally)—When triggered, the main
generator outputs a sweep burst for a period deter-
mined by the burst length. The beginning frequency is
random, somewhere between the start and stop fre-

quency.
EXT TRIG IN _H J_l

1

! i

]
SWP OUT M L—
1

N !

Iy 1
FUNC OUT —

[ P

4 4

BURST LENGTH =4



APPENDIX E (Cont)

B3,51,G1 (Main Burst, Sweep Cont, Main Trig-
gered by Sweep)—The sweep generator initiates a
“sweep burst beginning at the start frequency and
ending after a specific number of cycles which is
determined by the burst length.

SWP OUT /\/\/
i
[
FUNG OUT AN
BURST LENGTH =4
B0,S2 (Main Cont, Sweep Triggered

Externally)—The main generator runs continuously
at the start frequency, when an external trigger is
received the main generator sweeps from the start to
the stop frequency and resets to the start frequency.

EXT TRIG IN

|
| .
I

SWP OUT 1 I

1
|

!
|
AVAV HSVAVAVAVA

FUNC OUT

B1,52,G0 (Main Triggered, Sweep Triggered, Main
Triggered Externally)—An external pulse triggers
the main and sweep generators, which produces a
single sweeping cycle near the start frequency.

EXT TRIG IN

SWP OUT

FUNC OUT

B1,52,G1 (Main Triggered, Sweep Triggered Exter-
nally, Main Triggered by Sweep)—External trigger
triggers the sweep generator, which triggers the main
generator to generate a single nonsymmetrical cycle
as in external trigger.

EXT TRIG IN

SWP OUT

FUNC OUT

Xb

B2,52,G0 (Main Gated, Sweep Triggered Exter-
nally, Main Gated Externally)—A trigger input gates
the main generator tus producing a gated sweep from
the start freugency with the trigger duration determin-
ing the burst length.

EXT TRIG IN
| I
I |
| |
SWP OUT m
! l
! thy
FUNC OUT Wiii————

B2,52,G1 (Main Gated, Sweep Triggered Exter-
nally, Main Gated by Sweep)—The sweep generator
is triggered which gates and sweeps the main
generator for the duration of the sweep time.

EXT TRIG IN I |
i
!
|
SWP OUT 1 — ;
l
|
AN
FUNG OUT — W ——
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B3,52,GO (Main Burst, Sweep Time Externally,
Main Triggered Externally)—External trigger trig-
gers a sweep burst from the main generator. Burst
duration is set by the burst length.

EXT TRIG IN

SWP OUT

FUNC OUT

BURST LENGTH =4

B3,52,G1 (Main Burst, Sweep Triggered, Main Trig-
gered by Sweep)—The sweep generator, triggered
by an external trigger, triggers the main generator.
The burst duration is set by the burst length.

EXT TRIG IN

SWP OUT

i

FUNC OuT

BURST LENGTH =4

B0,S3 (Main Cont, Triggered, Reset Sweep)—The
main generator runs continuously at the start frequen-
cy. When triggered, the main generator sweeps to the
stop frequency and holds. a second trigger resets the
main generator from the stop to start frequency.

EXT TRIG IN [ ] [
i
|
i )
SWP OUT M
1
!
FUNG OUT A AN A A A A

VARV A T T iV ARVARVERY]

E-4

B1,83,G0 (Main Triggered, Triggered Sweep/Trig-
gered Sweep Reset Externally, Main Triggered
Externally)—An external trigger simultaneously trig-
gers the main and sweep generators that generates a
single nonsymmetrical cycle at the start frequency. A
second trigger resets the generator to the start fre-
quency and triggers the main geneartor producing a
single nonsymmetrical cycle at the stop frequency.

EXT TRIG IN | |

SWP OUT

FUNC OUT

B1,S3,G1 (Main Triggered, Triggered Sweep/Trig-
gered Sweep Reset Externally, Main Triggered by
Sweep)—Is identical to external trigger except the
second trigger will not trigger the main generator.

n i
e I
JlM

EXT TRIG IN

SWP OUT

FUNC OUT

B2,53,G0 (Main Gated, Triggered Sweep/Triggered
Reset Externally, Main Gated Externally)—The trig-
ger initiates a sweep burst beginning at the start fre-
guency and ending at a period dependent upon the
trigger pulse period. A second trigger resets the
sweep generator and gates the main generator which
again sweeps for the duration of the trigger pulse

width.

EXT TRIG IN | I l |
| 1
] |

SWP OUT __l'/—-l_
i |
] |
LN NN }

FUNG OUT A v/\/\/_
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B2,53,G1 (Main Gated, Triggered Sweep/Triggered
Reset Externally, Main Gated by Sweep)—The
main generator is gated by the triggered sweep
generator. The sweep burst sweeps from the start fre-
quency to the stop frequency with burst duration
determined by sweep time. A second trigger resets
the sweep generator to the start frequency without
triggering the main generator.

EXT TRIG IN

SWP OUT

B3,53,G0 (Main Burst, Triggered Sweep/Triggered
Sweep Reset Externally, Main Triggered Exter-
nally)—The sweep and main generators are
simultaneously triggered, which initiates a sweep
burst beginning at the start frequency for a duration
dependent upon the programmed burst length. A sec-
ond trigger resets the sweep generator also triggering
the main generator also triggering the main generator
for the burst length.

EXT TRIG IN l | l_\
| |
|
|
SWP OUT _;/__\_A
| l
FUNC OUT _—l/\/w\,———' N \//\\/’/\v—

BURST LENGTH =4

B3,53,G1 (Main Burst, Triggered Sweep/Triggered
Reset Externally, Main Triggered by Sweep)—A
sweep burst of the main generator is started by an ex-
ternally triggered sweep generator. The burst sweeps
from the start frequency for a period set by the burst
iength. A second triggers the sweep generator without
triggering the main generator.

EXT TRIG IN | |

SWP OUT

FUNC OUT

BURST LENGTH =4
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APPENDIX F
OPTIONS 001 AND 002

Option 001: Stored Settings

Refer to paragraphs 1.2, 3.10 and 3.16.7 and the drawings and parts list following this page.

Option 002: High Stability Frequency Reference

Refer to paragraph 1.2, instrument schematic and reference board drawings/parts list in section 7.
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THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
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INTERNAL, TOOTH LOCK
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INSTALL ATION
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OPERATOR'S & MAINTENANCE MANUAL

Model178-S-1324

90 MHz Programmable
Waveform Synthesizer

Model 178-S-1324 is identical to the standard 178 pius the addition of a TTL 50Q
line driver on J25, MARKER OUT, for increased drive capability. See insert
immediately following this page for the schematic change.

© 1986 Wavetek

This document contains information proprie-
tary to Wavetek and is provided solely for
instrument cperation and maintenance. The
information in this document may not be dupli-
cated in any rmanner without the prior approval
in writing from Wavetek.

WAVETEK

WAVETEK SAN DIEGO, INC.
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P. O. Box 85265, San Diego, CA 92138
Tel 619/279-2200  TWX 910/335-2007

Manual Part Number: 1300-00-0168
Instrument Part Number: 1000-00-0168
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CR11

Changes

Changes to the Frequency Generator PCA schematic 1104-00-3278, Sheet 4.
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