ManualsPlus.com

OPERATOR'S & MAINTENANCE MANUAL

odel178-S-1324

50 MHz Programmahle

*’F: c'* ::‘

e
5 AR

g
fron

' s
H f::,:. e::'m*. L]

w&;ﬁt\» >{::&;"&,f 3

S

St

it sq.i:wfma

WAVE TEK:




ManualsPlus.com

OPERATOR'S & MAINTENANCE MANUAL

Model 178

90 MHz Programmable
Waveform Synthesizer

© 1986 Wavelek

This document contains information proprietary o
Wavetek and is provided solely for instrument op-
eration and maintenance. The information in this
document may net be duplicated in any manner
without the prior approval in writing from Wavetek.

WAVETEK

WAVETEK SAN DIEGO, INC.

$045 Balboa Ave., San Diego, CA 92123
F. Q. Box 85265, San Diego, CA 92138
Tel 619/279-2200  TWX 910/335-2007

Manual Revision: 7/90
Manual Part Nurnber: 1300-00-0168
Instrurnent Pait Number: 1000-00-0168




ManualsPlus.com

WARRANTY

Wavetek warrants that all products manufactured by Wavetek conform to published
Waveiek 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 canditions
and within the service conditions for which they were furnished.

ihe obligation of Wavetek arising irom a Warranty claim shal! be limited to repalring, or
at its option, replacing without charge, any product which in Wavetek's scle opinion proves
to be defective within the scope of the Warranty. Inthe event Wavetek is not able to maodify,
repair or replace non-conforming defective parts or components to a condition as
warrartied 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 nenconformity within the Warranty
period and the affected product returned o Wavetek's factory or 1o an authorized service
center within (30) days after discovery of such defect of noncaniormity.

For product warranties requiring return o ywaveltek, products must be returned to a sevvice
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 shali pay for return of products 10 Buyer.

Wavetek shall have no responsibility hereunder for any defect or damage caused by
improper storage, improper installation, unauthorized modification, misuse, neglect,
inadequate maintenance, accidant 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 soie and exclusive remedy and no other
warranty, whether written or oral, is expressed or impiied. Wavetek specifically
disclaims the implied warranties of merchantability and fitness for a particular pur-
pose. No statement, representation, agreement, or understanding, oral or wriiten, 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 conseguential damages,
expenses, losses or delays (including loss of profits) based on contract, tort. orany
other legal theory.
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SAFETY FIRST

Protect yourself. Follow these precautions:

Don'tiouch the cutputs 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 discennect the green and yellow safety-earth-ground wire that connects the ground
lug of the power receptacle 1o the chassis ground terminal (marked with (& or/a%).

Dor’t hold your eyes extremely close to an rf cutput for a long time. The normally
nonhazardous low-power rf energy generated by the instrument cowdd possibly cause
aye injury.

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

Daon’{ repair the instrument unless you are a gqualified electronics technician and know
how to work with hazardous voliages.

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

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

il
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1.1 MODEL 178

The Model 178 Pregrammable Waveform Synthesizer
is a1 pHz to 50 MHz multifunction sweep synthesizer
thai 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-
guencies, 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
generatar with phase ¢ffset in 0.01° increments.

The output level is specified into a 501 load from 1 mV
to 20 Vp-p with 3 digits resclution. 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 trequency {lineatly or logarithmically) be-
iween the start and stop freguencies. The sweep
generator has its own operating modes: triggered,
galed, hold at start and hold at stop. In addition, ten
programmable frequency markers, available one at a
fime, ¢can be used to indicate critical frequencies
within the sweep. The sweep gensrator can internally
trigger the main generator to produce pulses with a
10 w8 to 10 min. repetition rate and 5 ps to 5 days
pulse width.

Two external inpuis may be used 10 phase- or
amplitude-modulate the synthesizer. If the synthesizer
is phase modulated, the main generator (when
operating at frequencies above 500 kHz} varies up o
+ 360°. When amplitude modulated, the output can
be modulated up to 200%.

Data entry is from the front panel ¢r 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.
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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. Memaory is bat-
tery backed up (internally recharged) for 80 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 M, ramps 1, M,
haversineg /., W, havertriangles A, ™, AM
(sine) 0 , and DC.

Operational Modes
NOTE
1. All modes are synihesized.
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 ftriggered mode, except generator
osciliates 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°).

i1
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Gated Haverwave: As gated mode, except outputis a
sine or triangle waveform starting at — 20° {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
—9a0° {or +90°).

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

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

Continuous Mode:

N, L, 0 (AM sine) to 50 MHz.
“~ 1o 500 kHz.

~1, I~ to 20 kHz.

All Triggered Gated and Burst Modes:
Ny, T, A, 90 (AM sine) to 200 kHz.
A4, I~ to 20 kHz.

Main Output

All waveforms are available to 20 Vp-p maximum info
509 load. Cornbined amplitugetde offset wavelorms
not to exceed =10V peak intc 504, Quiput voltage
into an open circuit is double indicated voltage when a
voltage less than £ 5Y peak is selected. Output avail-
able from front or rear. Source impadance; 508 (for
<10V gutput), hi Z {for =10V output). Output may be
floated up to 42Y peak.

Phase Offset. Cutput phase may be changed from
+ 1000 revolulions (£ 360,000°) in 0.01° resotution
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 Oifset and DC Voltage Output

0 to £10 Vdc into 50Q. Oulput veoliage is double into
open ¢ircuit when voltage less than *5 Vde is
selected.

Auxiliary Outputs

TTL and TTL Sync: At generator freguency, 500
source impedance, 50% duty cycle, <5 ns transition
time.

Reference Cutput: 10 MHz, 1 Vp-p» sine, 500 source
impedance

1-2
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Sweep Ramp: (See Sweep Generator).
Frequency Marker: (See Sweep Generator).

Inputs

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

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

Amplitude Modulation: Modulation levels up to 20
kHz. Input impedance is 600 ohms. Amplituge reduced
by approximately 50% with 0V input. 5.4 Vp-p,
£15%, ac signal (with 0OV oifset) provides 99%
modulation. AC signal with —2.7 Vde, £15%, pro-
vides 200% modulation. Modulation bandwidth
typically 10 MHz  Sync output unaffected by
modulation.

Phase Modulation: Rates from DC o 10 kMHz
mirimum. Inpul impedance is 10 k. x5V input
delivers approximately £ 360° shift. Qutput deviation
is =100 for main output frequencies 500 kHz and
balow.

Data Entry
Front panet keyboard with display and GFIB 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 xHz.
Stability

Long Term: =1 x 10— 5imo.

Temperature; +1.2 X 10~ 7/°C.

Signal to Phase-Noise
Better than — 46 dB ih 4 30 kHz band centered on car-
rier but excluding a8 +1 Hz band around the carrier.

Spurious

-60 dBc or 30 pV whichever is greater, 1uHzZ10200kHz.
-64 dBc or 30uV whichever is graater, »200 kHz to 500
kHz.

-44 dBc or 30 v whichever is greater, »b00 kHz 10 50
MHz.



1.3.2.3 Ampiitude Precision

Resotution and Accuracy

NOTE
DC offset range is O to+ 10 Vdc

Ampliiude Range
10.02 to 20.00 Vp-p
1.01t0 10.0Vp-p
0101 t0 1.00 Vp-p
10.1 10 100 mvp-p
1.001tc 10.0 mVpp

Accuracy {Amplitude)}
+1% +20my
+1% +10mV
3% £2mV
+4% +100 pv
+5% +20 uV

NOTE
Speacified for 1 kHz sine wave, or for dec output
into a precision (.19 500 foad.

Resolution: 3 digit s10.0Vp-p, 4 digit (20 mV) =10 Vp-p.
DC Offset: +1% of setting £40 mV {worst case).

NOTE
Ampiitude and dc offset share the output attenuator.

Frequency Response

Freguency Range Response
1 pHz t0 20 kHz 1%
>20 kHz to 500 kHz +3%
=500 kHz to 25 MHz 7%
=25 MHz o 50 MHz +15%

Specified relative 1o 1kHz sine wave, =100 mV to 6¥Yp-p,
OV offset into 50L2.

Frequency Range Response
1 pHz 10 20 kHz +1%
=20 kHz 1o 500 kHz +3%
>500 kHz 10 7 MHz 7%
>7 MHz fo 20 MHz +12%
=20 MHz 1o 50 MHz +20%

Specified relative to 1 kHz sine wave, »6V to 10 Vp-p,
OV offsel into SO,

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

Shart 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 Wavefeorm Characieristics

Sine Distortion

Harmonically related signals less than:

-55 dB 10 50 kkz.

—40 db 10 500 kHz.

-30 dB ie 50 MHz.

Specified for 1 Vrms {2.83 Vp-p) sine wave.
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Square Wave Rise and Fall Time
Less than 10 ng, 1.01 10 10.00 Vp-p.
Less than 12 ns, greater than 10 Vpp.

Square Wave Aberrations
5% £ 50 mV of pp voltage.

1.3.3 Sweep Generator

Sweep generator I5 fully synthesized and may be used
independently or for frequency sweeping and trigger-
ing the main generator. Frequency sweep may be
selected tinear or logarithmic, and up or down. Sweep
may be triggered, interrupted with hold, and con-
finued with resume,

1.3.31 Sweep Modes

Continuous Sweep: Sweep generator sawlooth 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 freguency.

1.3.3.2 Sweep Characleristics

Sweep Time
0.01 1o 800.00 sec, 10xs resalution.

Sweep Output
0 1o approximately +5Y ramp synthesized to 2000
steps per sweep. BOO0R ouiput impedance,

Frequency Marker Output

TTL levels. One of the ten preset markers can be -
selected. Qutput 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 xHz 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 lime.

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

1-3



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

Sweep Frequency Update: Every 5 xs (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 of triggered externally.

Period

10 a5 to 800s.

4 digits or 10 ps resolution {Control: Sweep Time),
jitter < 2% of pulse width,

Width

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

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

NOTE
Width is usable to 1 us.

1.3.4 General

Stored Setiings

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

GP!B Pragramming

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 T8),
8RO {SR1), Loca! Lockout (RL1}, Device Clear (DC1),
Group Execute Trigger (DT1) capabilities, and open
collector logic (E2).

Parameter Time
Command Handshake 158
Data Handshake BS us
Freguency 11ms
Amplitude 14 ms
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DC Ctfset 14 ms
Mode 4 ms
Function Ems
Qutput 4ms
Storeg Settings 13ms
Execute Ems

NOTE

Above programming speeds arg fypical.
Programming times vary with different con-
troflers. Data rate follows slowest listerier
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 +B5°C.

Dimensions
44 5¢m (17.5in.)ywide; 13.3 cm (5% in.) high; 53.4 cm
(21 in.} deep. Supplied with rack mount adapters.

Weight
13.65 kg (30 Ib) net;, 18.4 kg {43 Ib) shipping.

Power
an 1o 105V, 108 to 126V, 198 to 231V or 216 t0 252V,
48 1o 67 Hz: less than 180 watis.

1.3.5 Options

001 Additional Stored Settings

Providas nonvelatile memory for 240 additional stored
settings. Memory is battery backed up {internaily
recharged) for 80 day {minimumj retention of setlings.

002 High Stabliity Frequency Reference

An additional frequency reference crystal for greater
ACCUracy.

Accuracy: 5 X107
Aging Rate: 5 X 107%/day (average) <4 X i0%week.
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SECTION .

 INSTALLATION AND INTERFACE

21 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 thig instrument by front panel
alone. Slides or tray support i necessary
to prevent instrument damage. (Rei: Figure
2-1]

8-32 w S8 N
PAN HEAD PHILLIPS

PIN:- 2800-07-DD0H2)

Z'%N‘: H@x_\_\__\
i QN

N 8 FLAT WASHER

NO.ESPUT
LOTK WASHER
NO.8 NUT
PiN: 240K1-89-0007(2)
NOTE: - P
I SI0E AL DGES NOT HAVE PRESE NG / -
LEE MO, TC LCCK WASHER AN N T[ O
‘ - WU ' 10-32 = 12 N ¢
' 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
221 Power Connection

NOTE

Unless olherwise specified at the time of

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

Conversion 1o oither 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
1o left to remove the fuse.

2. Bemove the small printed circuit board and
select operating voltage by orienting the printed
circuit board 10 position the desired voltage to
the top left side. Push the board firmly into its

module sict.
Card Position Input Vac Fuse
100 90 to 105 2 amp
120 108 to 126 2 amp
220 198 10 23 1 amp
240 216 to 2562 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 10 the mating connec-
tor at the rear of the unit and the power source.

Figure 2-1A. Voltage Selector and Fuse
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2.2.2 Signal Connections

NOTE
Use RGS58U or equivalent 508 coaxiaf
cables equipped with BNC connectors to
distribute FUNCTION QUT signals.

Instrument BNC connectors are:

EXT TRIG IN, front and rear panel, TTL

SWEEP GUT, front panel, 0 to =3V, 6002 impedance.
SYNC QUT, front panel, TTL, 50 irmpedance

SYNC QUT, rear panel, TTL, 508 impedance

FUNCTION QUT, front and rear panel, 10 Vp-p, 50
impedance; 10 to 20 Vp-p, >10 kil impedance.

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

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

& MOD IN, rear panel, 5 Vp-p Maximum, 10 ki im-
pedance

Table 2-1. GPIB Data infQut

Pin Signal

Do
D02
DIO3
DIO4
EQI
DAV

NRFD

NDAC }
IFC

10 SRQ }

11 ATN

12 Chassis Ground
13 DIO5 h
14 D08
15 D07

16 DIO8
17 REN

True When Low

True When High

WO o~ GO LW

True When Low

True When Low

Signal Ground

22
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Signal ground may be fiocated 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 pane!s, are likewise affected.

223 GPIB Connections

-

he BRI VO rear panel connection is shown in fig-
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 GP1B bus
cable connector (available from Wavetek in 1 and 2
meter lengths). The GPIB interface is optically iso-
lated from the main generator.

Table 2-2. GPIB Address Codes

| Switch Hexa:
| ASCll Position decimal

Device | Listen | Talk j 1 2 3 4 5 !Listen Talk
0 (space} @ 00000 20 40
1 : ! A 10000 21 41
2 v B D100D0 22 42
3 # C :11000 23 43
4 % o Q0100 24 44
5 Yo E 10100 25 45
6 & Flot100| 28 46
7 : G .1 1100]| 27 47
8 { H ‘00010 28 48
g } I 100107 29 49
10 > J i{}1010 2A 44
11 + K :11010| 2B 4B
12 , L oc0110 2C 4G
13 — M 101140 20D 4D
14 . N 01110 2E 4E
15 / O |1 1110 2F 4F
16 0 P o 0DO0ODA 30 50
17 1 Q 10001 31 a1
18 2 R Q10010 32 52
19 103 S |11001] 33 53
20 4 T o011 01 34 54
21 5 U 101 01 33 55
22 6 Y g1 101 36 56
23 7 W 11101 37 57
24 8 X 00DO011| 38 58
25 g Y i10011 34 59
26 : Z 01011 3A A
27 ; i 110114; 3B 5B
28 < v 00111 3C 5C
29 = ] 110111 3D 5D
30 > 1 g1 111

3E )=

Address 31 (s nof aflowed.
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Location Function Paragraph
1 Function Cutput 2.2.2, 3.11,
App E
2 Reference Input 2.2.2, 386
3 Reference Qutput 222,386
4 Sync Output 2272
5 Power Cord Receptacle 2.2.1
3] Fuse and Fuse Holder 2.21
7 Marker Qutput 222, 3986
] Phase Mcdulation Input 222,386
9 GPIB (General Purpose Interface 223, 3186
Bus) Connecter
10 AM Input 222,384
11 GPIB Address Selector Switch 2.2.4
12 Trigger Input 222 37

Figurse 2.2 Rear Panel and Cross Reference

224 GPIB Address

Forinsiruments 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
fram 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 Operzation

Make the equipment setup as shown in figure 2-3 and
perfarm 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.

2-3



Table 2.3. Operation Verlfication
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Step Test Tester & Setup Program Desired Results
1 Wake-up state and Connect Modsl 178 Power: ON Display: All segments, decimal
Self Test and oscilioscope as points and commas light up for
shown in figure 2-2. one second 5 ypieaL
Scope sstting: rL or g,
CH1 0.5 Vidiv, SELF-TEST for one second,
CH2 0.1 Vidiv, then WAVETEK MODEL 178.
select CH1 anly, Scope: CH1 1 kHz, 1 Vp-p sine
horizantal 0.2 ms/div, wave.
trigger to external
2 Select CHZ CH2, sweep signal 0 to
= + 200 m¥, 25 per sweep.
3 Wake-up Status Press STATUS key Display (changes automatically):
FREQ 1 kHZ
AMPL 1 vV PP
OFFSET OV
FUNC SINE {0}
MODE CONTINUQUS (0)
BURST COUNT 2
PHASE 0 DEG
SW STRT 500 M2
SW STOP 5 kHZ
MKR FRQ 1 kHz
SWP OFF (D)
SWEEF TIME 2 SEC
OUTPUT ON {1)
FRONT OUTPUT {0}
EXTERMNAL TRIGGER (0)
TRIG SLOPE POS {0)
MODEL 178
SYNG MODEL 178 E
Q Q ouT O Q OSCILLOSCOPE SYNC
WP FUNG o o 0O O outQ OSCILLOSCOPE
out ouT Q o]
soul) cnz [ svyne Fc's’l'}‘.rc
CH1 S00d CH1Y CH2

Figure 2.3. Step 1 Setup Flgure 2-4. Step 59 Setup

2-4
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Table 2-3. Operation Verilication {Continued)

Step Test Tester & Setup Program Desired Results
4 Status Search STATUS Status display seguence stops.
5 1 Status progresses forward.
& l Status progresses backward.
7 STATUS Status display sequemiélly
continues.
8 Dispiay Test DISPLAY All segments decimal points,
TEST and commas light up.
Back to |last display
when released.
9 Press FAEQ key a few times Beeper sounds everytime key
is pressed.
10 Press ;, then FREQ key Beeper is silent.
a few times
1t ; 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: GPI2 ADDH
Status {Ref: Table 2-2)
15 Set Fregquency FREG Display: FREQ 1 kHZ.
16 - Display: FREQ 1.0000000 kHZ.
17 t Frequency LSD Increases.
18 l Frequency LSD dacreases.
19 —Or— Different digits are intensified
{selected for editing).
20 Reset Frequency Selact CH1 —or— until digit selection Display: FREQ 1 KHZ
{intensiflcation) stops. Scope; 1 kHz, 1 Vp-p sine wave.
2t Set Amplitude AMPL Display: AMPL 1 ¥ P-P
22 Use cursor, — — 1 |1, Secope: Amplitude increasing or
to increase or decrease ampiitude | decreasing.
23 Armplitude Scope setting: AMPL 20 EXEC Scope: Sine wave 20 Vp-p..

5 Vidiv

Display: AMPL 20 VP-P




Table 2-3. Operalion Verilication {Continued)

ManualsPlus.com

Step Test Tester & Setup Program Desired Results
24 2 Vidhy AMPL 10 EXEC Scope: 10 Vpp
25 20 m¥idiv AMPL 1 EXEC Scope: 100 myp-p
26 5 mvidiv AMPL 1EXP-2 EXEG Scope: 10 mVp-p
27 5 my/div AMPL 1EXP-3 EXEG Scope: 1 mVp-p
28 0.5 Vidiv AMPL 1 EXEC Scope: 1 Vp-p
29 Offset Scope setting: 1 Vidiv OFFSET 2 EXEC Scope: 1 Vp-p sine wave,
+ 2 Vdc offset.

30 OFFSET -2 EXEC — 2 VYdc offset.

31 Use cursor to incregase or QOffset increases or decreases.

decrease offset

3z OFFSET 0 EXEC 1 Vp-p sine wave, ( Vdc offset.

32 Function Waveform, Scope setting: 0.2 FUNC Display: FUNC SINE {0},

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

34 1 Display: FUNG TRIANGLE (1).
Scope: 1 Vp-p triangle wavea.

35 1 Display: FUNC SOUARE {2).
Scope: 1 VYp-p square wave.

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

37 1 Display: FUNC DG {4).

Scope: 0 Vde,

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

39 Function (Waveform, | Scope setting: FUNG ¢ FREQ 1EXP7 EXEG | Display: FREQ 10 MHz

High Frequency} Horizontal 50 nsidiv Scope: 10 MHz, 1 ¥p-p sine
wavae.

40 FUNG 2 EXEC Dispiay: FUNC SQUARE (2).
Scaope: 10 MHz, 1 Vp-p square
wave.

, Display. FREQ 50 MHz.

41 Scope setting: Vert AMPL 10 FREQ 5EXP7 EXEC Scoppe?rﬁﬂ MHz, approx

2Vidiv, Horiz 10 nsidiv 8 Vp-p square wave.
NOTE: Quaflty of waveform is dependent on cable fength and speed of scope.
42 System Reset Sceope setting: RESET Display: RESET.
{Reset {0 wake-up Horizomtal 0.5 ms/div Scope: 1 kHz, 1 Vp-p sine wave.
state) CH1 0.5 Vidiv
43 | Amplitude Definition AMPL i Display: AMPL 1V PP
44 AMPL Display: AMPL IN VP-P {0}
DEF

2-8




Tabhle 2-3. Operation Verification {Continued)
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Step Test Tester & Setup Program Desired Results

45 t Display: AMPL IN VRMS (1)

46 AMPL Display: AMPL 354 mV RMS.

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

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

49 FUNC 0 AMPL 1 EXEC Display: AMPL 1 ¥ RM3.
Scope: 2.82 Vp-p, sine wave,

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

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

52 FUNG 2 EXEC AMPL Display: AMPL 1 V RMS.
Scape: 3.48 Vp-p, ramp.

53 AS“EF’F'- 2 EXEC Display: AMPL 1N dBm {2).

54 AMPL Display: AMPL 13 dBm.
Scope: 3.46 Vopp ramp.

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

56 FUNG 1 EXEC AMPL Display: AMPL 13 ¢Bm.
Scope; 3.46 Vp-p triangle wave.

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

58 System reset RESET Display: RESET.

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

59 Triggered Attach scope per EXTAINT 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

Horizantal 2 ms/div

80 Gated Trigger to GH2 1 Display: MODE GATED {2).
Scope: CH1-Burst of sinewave.
CH2-Burst of sync pulses.

&1 Burst ! Display: MODE BURST (3}.
Scope: CH1-2 cycles of sine
wave, CH2-2 sync pulses.

62 BURST 1t t Display: BURST COUNT 4.

Scope: CH1-4 cycles of sine
wave, CH2-4 sync pulses.

2-7



Table 2-3. Operation Verification (Continued)
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Step

Test

Tester & Setup

Program

Desired Resulis

Trigger Haver

64

Gated Haver

69

Burst Haver

70

ral

T2

73

Inverted Burst Haver

74

System Reset

MODE (Main) 1

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

Display: MODE GATED HAVER(S)
Scope: CH1-Burst of haversine,
CH2-Burst of syne puises.

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

FUNC

Display: FUNC SINE {0)

Display: FUNC TRIANGLE {1).
Scope: CH1-4 cycies of
havertriangle.

CH2-4 sync pulses.

Display: FUNC SCQUARE (2.
Scope: CH1-4 cycles of
square wava.

CH2-4 sync pulses.

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

AMPL -1 EXEC

Oigplay: AMPL —1 V P-P
Scope: CH1-4 gycles of
invertaed ramp.

CH2-4 sync puises.

FUNC |

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

CH2-4 sync pulses.

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

CH2-4 sync pulsas.

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 =25V
sync pulses.

75

28

Cantinuous Sweep,
Linear.

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

Horizontal to .5 msidiv.
Vertical mode to chop.

Sync 1o CH1.

MODE {Sweepli1 EXEC

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

Step Test Tester & Setup Program Desired Results
75 Trigger Sweep, 1 Display: SWP TRIG RST LIN (2).
Reset, Linear Scope; CH1-500 Hz
sine wave. GH2-0 Vdc .~
77 MaN Scope: CH1-Sweeping to 5 kHz
TRIG and reset back to 500 Hz, CH2-
Ramp to =5Y and reset to 0V
78 Trigger Sweep and Display: SWP TRIG HOLD LIN {3)
Hold, Linear Scope. CH1-500 Hz sine wave. Scope: CH1-500 Hz sine wave.
GHZ-0 vdc. CH24 vde.
79 MAN Scope; CH1-Sweep to and hold
TRIG at 5 kHz. CH2-Bamp to =5 vde
B0 MAN Scope: CH1-Reset to 500 Hz.
TRIG Ch2-Reset to 0 Vde.
81 Sweep Hold and TIME 10 EXEC MAN Display SWEEP TIME 10 SEC
Resume TRIG Scope: CH1-Frequency
sweep starts. CH2-Ramp to=5Vdc
az HOLD Scope: CH1-Constant frequency.
CH2-5tops 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 CH24 vVde.
Display: SWEEP TIME 10 SEC
85 Sweep Hold, Search MAN Scope: Sweep starts,
and Resume TRIG
86 HOLD Scope: Constant frequency.
87 - o= Scope: CH1-Frequercy
increasing or decreasing.
CH2-8weep output level
remains constant.
88 RESUME Scope: CH1-S8weep continues
frorm where it was held.
CH2-2 ramps to =5 Vdc.
B9 Continuous Sweep, START 100 STOP 1gs 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, 1 Digplay: SWPF TRIG RST LOG

Reset, Logarithmic

{8).
Scope: CH1-100 Hz. CH2-0 Vdc.
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Table 2.3. Operation Verification {Continued)
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Step

Test

Tester & Setup

Program

Desired Results

9N

92

a3

94

Triggered Sweep
and Hoid,
Logarithmic

MAN
TRIG

Scope: CHi-Frequency sweeps
from 100 Hz to 100 kHz logar-
fthmically, then resets to
100 Hz. CH2-Ramps to =5 Vdc,
regets to 0 Vde,

Digplay: SWP TRIG HOLD
LOG (B).
Scops: CH1-100 Hz. GH2-0 Vdc,

MAN
TRIG

Scope: CH1-Frequency sweeps
from 100 Hz ta, and holds at,
100 kHz, legarithmically.
CH2-2 ramps {0 =5 Vdc.

MAN
TRIG

Scope: CH1i-Reset to 100 Hz.
CH2-Resets to 0 Vdc.

Sweep with Marker

Entar Marker
Fregquency

a7

100

Recall Marker
Frequency

1M

Madify Marker
Fraquency

Scope: Connect
SCOpe as in

figura 2-5. Sync

to external input.
Horizontal 2 ms/div

MODE (SWEEP)4 TIME .02
MARKER 1 EXEC

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

MARKER
FREQ  3E3

MARKER
FREQ 184

MARKER
FREQ JE4

MARKER

MARKER 2

MARKER 4

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 — 1t | or =
FREQ

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

102

103

104

2-10

Store Stored
Settings. {If Option
001 is installed, use
procedurs similiar to
stens 102 through 110
to verify storage
locations 6 thru 45.)

Cannect scope as in
figure 2-6. Horizontal
to 1 msidiv.

RESET FUNC 1 EXEC

Scope: 1 kHz triangle.

STORE 1 EXEC

Display: NQ. 1 LAST STORED

" FUNG 2 AMPL 2 EXEC

Scope: 1 kHz, 2 vp-p
i sQuArewave,




Table 2.3, Operation Verification (Continued)
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Step Test Tester & Sefup Program Desired Results
105 STORE 2 EXEC Display: NO. 2 LAST STORED
106 FREQ 2E3 FUNC 0 EXEC Scepe: 2 kHz, 2 Vp-p sine wave,
107 STCRE 3 EXEC Display: NQ. 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 i Display: SETTING 3RECALLED
Scope: 2kHz, 2 Vp-p sine wave.
119 QOutput OFFION RESET Display: RESET.
Scopa: 1 kHz, 1 Vp-p sine wave.
112 OFFON 0 EXEC Dizplay: OUTPUT OFF,
LD OUT (O
Scope: No signal,
FUNCTION QUT apen circuit.
113 OFFON 2 EXEC Display: OUTFUT OFF, LD IN {2).
Scope; No signal,
FUNCTION QUT shorts to
ground through a 502 resistor.
114 | Disptay: OUTPUT ON {11
Scope: 1 kHz, 1 Vp-p sine wave.
115 Front or Rear Qutput FRONT? Display: FRONT QUTPUT {Q).
REAR Scope: (CH1} 1 kHz,
1 Vp-p sine wave.
{CH2) no signal.
116 FRONT/ EXEC Display: REAR CUTPUT (1).
REAR Scope: {CH1) no signal.
(CH2) 1 kHz, 1 ¥p-p sine wave.
117 L Return to front output.
18 External Trigger Connact scope and RESET Display: RESET.
Model 182A (TTL
source) as in figure
2.7. Set Model 1824 e e -
119 frequency to 100 Hz. MODE (Main) 2 EXEC Display: MODE GATED {2}.
Sync on CH2. Scope: Burst of sine wave (CH1)
Horizontal {0 2 msidiv. when square {GH2) is high,
Scope trigger to : e e
120 internal. SLOPE 1 EXEC Display: TRIG SLOPE NEG (1.

Scope: Burst of sine wave (CHT}

whien square (CH2) is |ow,

2-11
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Table 2-3. Operation Verification {Continued)

Step Test Tester & Setup Program Desired Results
121 Amgplitude Modulation | Gonnect scope and RESET Display: RESET.
sina generator as
shown in figure 2-5.
Sync on CH2 Set
Model 182A to
122 100 Hz, 3V¥pp sing FREG 1 EXP 4 FUNGC 5 EXEC] Display: FUNG AM SINE (5).
wave. Scope trigger Scope: Meodulated sine wave
internal. Horizontai (CH1), 100 Hz, 3 Vp-p sine wave
to 2 msfdiv. {CH2),
FUNGC
MARKER
QUT (REAR} out {H?H}
MODEL 178 / ' MODEL 178 [ |
sweep C SYNG
0 OouT o OSCILLOSCOPE o O ocutTd O OSCILLOSCOPE
FUNC Q Q FUNC o
ouT ouT
500 CH2| SYNC 500 500 SYNC
CH1 CH1
CH2
Figure 2-5. Step 95 Setup Figure 2-6. Step 102 Setup
MQDEL 178
MODEL 1824
o o o o OSCILLOSCOPE {OR EGUIV} o
EXT FUNGC o o
TRIG ouT
N sopl_] CH2 AM IN (REAR)
oH1 MODEL 178 / ' I:I
o O o 0 OSCILLOSCOPE
TTL
FUNC o o
ouT
500 CH2
MODEL 1824 .
(OR EQUIV} CH1

Figure 2.7. Step 118 Setup

‘Figure 2-8. Step 121 Setup

212
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NOTE J |
Refer to table 3-1 for key
and conrector infarmarian. H 20 29

28

Figure 3-1. Front Panel Controls and Connectors



3.1 DATA ENTRY

Using the Model 178 is guite straight forward and is
gasily understood by trial and errer 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 operalion. Keyboards are
shown in figure 3-1 and cross referenced to table 3-1,
which in turn references the applicable text. Readout
thal 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 FREG, AMPL or QOFFSET keys are
pressed, as for an inquiry as to status, the words
MICROHERTZ, MILLIVOLTS, etc., are used; when the
cpetator starts keying in the parameter argument, no
unit of measure is displayed. Coded parameters, such

ManualsPlus

SECTION
OPERATIONS

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

An audible tane indicates that a key is pressed. Press-
ing & will prevent or restore the key 1one. |f there is
no tone when keys are pressed, pressing o restores
the tone and vice versa.

Infarmation exclusive o the GPIB

paragraph 3.16.

is given in

Additional
appendixes:

reference information appears in the

Appendix A - ASCIl and IECE (GPIB) Code Chart

Appendix B - Programming Command Summary

Appendix C - Digplays

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

Appendix E - Mode Combinations and Cutput

Table 3-1 Function Cross Refersnce

Location in ASCII Action {A) or Appendix C and
Figure 3.1 Character Function Parameter {P) Paragraph
1 N Sweep Start Frequency P 391
2 O Sweep Stop Frequency P 3.91
3 XN Marker Selection P 3.9.6
4 X0 Marker Frequency P 396
5 AJ Resume Sweep A 395
6 XH Sweep Hold A 385
7 T Sweep Time P 3872
8 5 Sweep Mode P 384
8 F Frequency P 381
10 A Amplitude P 3.8.2
Eh| D DC Offset P 3813
12 C Function (Waveform) P 384
13 K Phase P 3.86
14 L Set Phase Zero Reference A 3.8.6
15 R Burst Count P 385
16 B Main Generator Made P 385
17 O thru g Number Characters P 3.3
18 Z Reset A 313
19 Dispiay Test A 3.14
20 Status A 3.15

m
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Table 3-1 Function Cross Reference (Continued)

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

21 v Amplitude Definition P 3.8.2

22 & (Tone On/Of) A 3.1

23 | | Program Execution A 35

24 Clear Entry A 3.1z

25 E Exponent P 3.3.3

26 Function Output 3111, App E

27 Sync Output 2.2, 3113

28 XP Cutput Front/Rear P 3111

29 P Qutput OfifOn P 3112

30 Y Recali Stored Setting P 3.10

K8 M Store Setting P 3.10

32 G Trigger, Int/Ext P 3.7

33 Q Triggering Slope P 3.7

34 J Manua! Trigger Pressed A 3.7

34 : H Manua! Trigger Released A 3.7

35 Local Control Enable A 318

36 Command Recall A

37 GPIB Address A 2.24,3186.21

38 Sweep Generator Output ; 3.64, App E

39 External Trigger input 3.9.4
U Recall Previous Program A 3.102
W Recall Next Program A 3103
XG GET Mode P 3.16.7
AQ SRQ Enabie P 3.16.5
XT Talk Message P 3.16.4
XV Terminator Select P 3.16.6

40 Readout 3.169, App C

i 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-
bution. 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 musi elapse between power OFF and
power ON far 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) 10
the microprocessor via one of the two possible input
ports {keyboard or GPIB) shown in figure 3-2. 1f input
characters are present on more than ong input port,
they ara read first from the GPIB and then from the

3-2

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

3.3.1 Characters

Characters used to program the 178 are divided into
classes:

1. Alphabetic Characters—The characters A
through Z {except E} selact actions or com-
mands. The X character used in front of another
alphabetic character selects an aliernate set of
actions or commands, The X must directly
precede the alphabstic character without inter-
vening characters of any kind. For example, P
selects the output and offfon and XP selects
frontfrear function output, but X A P {where
A 15 a space character) selects output offfon,
~nt frontfrear output because a space character,
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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 ASCIl 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 setect either
actions or parameters (ref. table 3-1). An action is a
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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 ar
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: BREN, paragraph 3.18.1),

To examine the current value of a parameter, simpiy
program the proper alphabetic charactar 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 {0 a legal parameter in
the instrument, nothing happens.

3.3.3 Programming Parameter Values

The humeric characters (0 through 9, E, —,) are used
to program new parameter values. To change a
parameter wvalue, 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 he programmed.

Table 3-2. Examples of Value Programming

ASCII Keyboard Standard Notation

100 100 100

0100 0100 100 (leading zeros are ig-
nered)

1E2 1EXP 2 1% 107

QO1E4 .1 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 = 107
1E-2- TEXP =2 % 1 x 10 {iwo minus signs
cancel

iE.2 1 EXP .2 1 x 102 {decimal points in

expanent 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 vaiue is the mantissa times 10 o the
axponent power: for exampte 9.99 E2 = 899 x 102
= 889.
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Only one decimal point and one E (keyboard EXFP) 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. H
an undesired value is entered, the CLEAR ENTRY key
can be used {0 erase it

Several parameters reguired 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 xHz minimum.
To Nearest 20 mV,
10.02 to 20.00V
To Nearest 10 mV,
1.01 10 10.00V
To Nearest 1 mV,
99 to 1000 mv
Ta 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 mYy,
1.005 {0 5.00V
To Nearest 1 m¥,
100.5 10 10.00 mV
To Nearest 100 gV,
10.05 to 100.0 mv
To Nearest 10 gV,
1.00 to 10.00 mV
Up to 5 Digits;
+3260.00° +.01°
Up to 4 Digits or 10 a8
To Nearest .01s

Parameter

Frequency
Amplitude

Oftset

Phase

Time (Sweep)

Time (Sweep

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

All Gther

Parameters To Nearest Integer

3-4
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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 & legal value for the setting be-
ing changed (ref; paragraph 3.4). It it is legal, the new
vaiue is entered into the instrument’s scraich pad
mermory; however, it is not yet sent to the wavetarm
circuits. That is usually dane 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 programmaed or inferdepen-
dent parameter errors are detected, an error signal is
indicated on the front panel or GPIB. Keyboard errors
only are indicated on the front panet 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-
trotier can then serial poll its instruments to verify that
the 178 sent the SRQ and can then inquire as to the
nature of the errar. The method of reporting errors on
the GPIB is given in paragraph 3.16.4.

341 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 voits 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 3-23.

3.4.2 Class 2 Errors

Class 2 errors are interparameter inconsistencies,
such as freguency greater than specified for a par-
ticular function. Tests are made every time an
execute {I) is given, a selup is stored (M) or a cursor
key is pressed. Resulting errors are displayed, and
transfers of values are made to waveform circuits or
siorage regardiess of the error indicaled. Nolice (hal



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

343 Class 3 Error

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

3.5 EXECUTING THE PROGRAM

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

GPIB 1and the front panel EXEC key are executie com-
mands that cause parameler value and inter-
parameter tests 10 be made and transfers the pro-
grammed values ta the waveform generation circuits,

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

CURSCR 1t and GURSOR | are exclusively front panel
functions which perform an execute with error checks
after each digit increment or decrement.

GPIB 2 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 2) 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 only {ref: figure
3-2).

3.6 CURSOR

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

NOTE
The modified value s automalically ex-
gcuted.

The — and — cursor keys move the cursor left and
right; cursor position is indicated by a flashing digit an
the display. The 1 and | cursor keys increment and
decrement, respectively, the flashing digit. Holding a
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cursor key down causes a continued change at a con-
stant rate.

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

When storing a program, press STORE key and then |,
The program wiil be stored in the next memory loca-
tion in numerical sequence, Keys t 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 1 and | can also be used to recall marker fre-
quency ang 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; exiernal 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
“Extermalfinternal’ trigger mode (GQ 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, manuval trigger
at MAN TRIG key on the front pane! or
GFIB J and H programming codes) will
initiate sweep generator output.

Both the main generatar 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 (aftects main generator only):

GO Selects external trigger.
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Table 3-4. Mode Matrix
MAIN SWEEP
GENERATOR GENERATOR
Lingar Sweep ({Logarithmic Sweep) —
Sweep Off Continuous Trigger Trigger Sweaﬁr’“ﬁ Log Sweep
Trig Sweep Sweep Trigger R“V gfdsess
Mode 50 s1(84) 52 (S5) 83 (S6) - and S6
Continuous | BO * B0,50 B0,S51 80,82 B0,53
Ext

- o B1,50,GO B1,51,G0 81,82,G0 B1,53,G0.
£ E | Triggered B1

23 ®4| o B1,50,G1 B1,51,G1 B1,52,G1 81,53,G1

% o) B2,50,G0 B2,51,GO B2,52,GO B2,53,G0
g § | Gated B2

5 e5)) I B2,50,G1 B2,81,G1 B2,52,G1 B2,53,G"

58
T Ext

GO B3,50,G0 B3,51,G0 B3,52,G0 B3,53,G0
Burst B3

(B6) g‘.: B3,50,G1 B3,51,G1 B3,52,G1 B3,53,G"

1 el b

\_~

Haverwave modes

B4, B5 and

* Trigger mode s applicable to main generator only, Trigger mode does not affect main generator continuous modes.

BE.

/

Refer to these codes in Appandix E for output explanation regardless of waveform [standard or haverwave) and
aweaap {linear or iog).



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 gaied on.

H {releasing MAN TRIG) - tn main generator gated
mode, terminates the output of the main genearator
{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:

Q0 Selects triggering on the rising edge { # 1 of the
trigger signal. The main gencrator gates on at
the high level.

Q1 Selects triggering on the Talling edge ( 3 ) 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
refated tc main generator operation. This block of
keys are labeled MAIN on the front panel.

3.8.1 Frequency

Selecting F following a value {up o 8 digits) programs
the main generator frequency. The frequency is pro-
grammable in heriz. See iable 3-2 for value program-
ming. At any time the frequency may be modified by
the cursor {ret: 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
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382 Amplitude

¥V followed by its code selects the unit of measure for
amplitude programming into a 502 load. (DC offset is
always Vpeak.):

V0 Selects volts peak-to-peak inic 500,
V1 Selects volts rms into 504,
V2 Selects dBm into 50%.

An A followed by a value {up to 3 digits) programs the
amplitude at the function output. Amplitude may be
programmed in volis peak-to-peak from 1 mV to
20 Vp-p specified into a 500 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 —0
0-60 dB

OUTPUT
AMPLIFIER

OFFSET
CONTROL

1 CYCLE
OF SIGNAL

Figurs 3-3. Amplitude and Offset Schematic

Mode Function Frequency
Cont "y L AM 1o 50 MHz
A to 500 kHz
e I to 20 kHz
Trigger, My T LN AM to 200 kHz
Gate,
gﬂ?gt A to 20 kHz

The amplitude and offset are not completely indepen-
dent of one another, because they share a commen
output amplifier and attenuator (see figure 3-3). In cer-
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tain cases It may be necessary 1o decrease the
number of digits of resolution of amplitude or offset in
order to prevent clipping in the output amplifier or 1o
make the programmed value of offset {or amplitude)
appear at ihe 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 & 3 dight input
(X.X X). The attenuator can operaie at only X 10°,
x10-", x10-2 or x10-3 Figure 3-4 is a guide 1o
expected resolution.

3.8.3 Offset

D followed by a value (up to 3 digits) oftsets 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).
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NOTE
When offset is used 3 digit resolution of
offset or amplitude may be reduced fn
some cases (ref: paragraph 3.8.2).

3.3.4 Function

C followed by a single digit parameter value selecis
function at the FUNCTION QUT 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 BSelects triangle wave. Frequency maximum ig
500 kHz in continuous mode and 200 kHz in trig-
ger, gated or burst mades.

C2 Selects square wave. Frequency maximum is

50 MHz in continuous mode and 200 kHz in trig-
ger, gate ar burst mode.

\\,\\ \\x\\\\\ el \\- '\\\\‘h\\- . -~ AR N X
10— M \;\;\%%‘Q\ & \ w\\\\l\\\:\\%&\%\g = Preferred for best waveform
\\ - aczam® f— INTERNAL LOAD ¢ BNy quality, particularly for high fre-
. N\&\ dc 10 mv R SN 3 quency and squars wave,
BN : S
§\\\<\\§\\\ ac 10 mv :
1- i\\‘a\\\ do 5 my Aflowed, but some deteriora-
—_ b\\\i\%\:\\\\ tion of signal.
B 0SS, fECS MY
2
I.ll_.l ac 1 my N bl it
(£ VA B de 0.6 mV \ cnprogrammable conditions.
il \ \
& 5 N %\\\_
O 005 2 E“‘Q\V\\\\ =
0.1 mv BC UMY &
0.1 — do 0,08 my S clomy -

w, [ac0imy
A de 0.05 mV

''''''''''

= -\\\\\‘ L ST

.
V2

:\\‘“\\
S W

o
N

s
N\

e

AMPLITUDE {Vac)

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

4 Selects de output voltage. The de level is st by
programming offset as described in paragraph
383

C5 Selects amplitude modulation. When AM is
selected the main out level is reduced to half the
programmed amplitude. An ac voltage
{+2.5Vp, typical, for 100% modulaticn; 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.

+2.5Y
a
AN
— 2.5V
INPUT
—-5.0V
—7.5v
100% 50% 0% 50%  100%
INVERTED
OUTRPUT

Figure 3-5. AM Input Vs Envelope Output

T T —

AM IN

FUNCTION
ouT

Lo
ML

Figure 3-6. AM Timing Relationships.

SYNC
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3.8.5 WModes

B followed by its code (0 threugh 8) selects the
operating mode. The selected mode is indicated on
the frant 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 rigger.
Refer to paragraph 3.7 for trigger mode and format
selection.

B0 Selects coniinuous 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 itz source {ref: mode B1), enabies
the main generator for the duration of the trigger
signa! 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 sach time the
generator is triggered at a préselected rate.

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

B4 Selecis 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
—0gp°, Sguare wave starts and ends at its
negative peak. I waveform amplitude is pro-
grammed negative, the waveform starts and
ends at + 90° phase angle. Square wave starts
and ends at its positive peak.

B5S Selects gated haverwave. For ramp and square
waveforms, gated haverwave is identical to
mode B2, gated waveforms. For sine anc
triangie waveforms, gated haverwave is one or
more cycles of the selected waveforms starting
at phase angle -90°, if any. If waveform
amplitude is programmed negalive, 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

38



duration of the trigger signal plus the time re-
quired for the compietion of the iast cycle
started.

B6 Selects burst haverwave. For ramp and square
waveforms, burst haverwave is identical to
mocde B3, burst mede. For sine and triangle,
burst is the ocutput of a preprogramimed number
of eycles of selected haverwave starting at
phase angle —90° If waveform amplitude is
programmed negative, the waveform staris at
+90° phase angle.

R followed by ifs value {1 to 65,536) denoctes the
number of cycles in the burst.

3.836 Phass

- 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 Vpp amplitude gt 1, 2, 3, . . . or

10MHz +5 ppm. A message REFERENCE NCT

LOCKED is displayed if the 178 internal reference and

the exiernal 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 {o be identicai 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 seiects the phase shift (relative
to phase ''zero'") measured in degrees, Phase value is
pragrammable frormn £ 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 (s square wavs, there may be a
+ 3.6° phase offset error after you hrave phase
shited the first time. This error is eliminated by
programming L and noting fhe new phase
reference angle fror which 1o shift. Subseguent
shifts wilt be fo specified accuracy.

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

310
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by 100 times. Phase modulation is relative to the
reierence source and at & deviation rate determined
by ¢Mod frequency (dc 10 10 kHz minimum).

REFERENCE
GENERATOR

__.+

- 4 REF (UNDEFINED WvalUE,
BUT ESTABLISHED AS ZERO
REFERENCE FCR SUBSE-
QUENT PHASE SHIFT).

..._...-—-/——\_./

& SHIFT FROM
© REFERENCE

FUNCTION
OUTPUT
{PHASE REF)

FUNCTION
QUTPUT
{PHASE
SHIFT)

Figure 3-7. Phase Shift

Rear Panel REF OUT BNC is a source of 10 MHz,
2Vp-p sine wave locked to the reference clock.
Source impedance is 501,

3.9 SWEEP GENERATCR

An internal generator sweeps the main generator
either linearly or logarithmically from the start fre-
guency 1o the stop frequency. Two overtapping 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 generatorisin 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-
quency. 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 vatue 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.

39.2 Sweep Time

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

When sweeping, altering swesp 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
siop frequencies. Maximum sweep width is limited by
the sweep range, either 5 ¢pHz 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 ba used
provided a minimum separation is maintained:

Low band: 20 mHz per 1s of sweep time.
High band: 2 Hz per 15 of sweep time.

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

3.8.4 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 io the sweep generater
mode selection, output mode is affected by other
variables (ref: table 2-4 and Appendix E). Many of the
modes depend on a trigger. Refer to paragraph 3.7 for
trigger mode and format selection.

50 Selects sweep off rhode.

S1 Selecis continuous ramp. Normally used with
continuous main generator mode to give con-
tinuous linear sweep. SWEEP OUT is a con-
tinuous O to approximately + 5V ramp.
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[
I
|
lla-— 5 ms OR 2% OF TIME
WHICHEVER 'S GREATER

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

53 Selects triggered linear ramp and iriggered
reset. Upon receiving a trigger, the main
generator, in continuous mode, will sweep from
the start frequency 1o 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 QUT is a 0 to approx-
imately + 5V ramp stariing with the first trigger
and holding at approximately + 5V until the se-
cond irigger occurs.

54 Selects continuous logarithmic ramp. Normally
used with continuous main generator mode 1o
give continuous logarithmic sweep. SWEEP QUT
is a continuously recurring 0 to approximately
+ 5V linear ramp.

S$5 Selects triggered logarithimic.ramp. Logarithmic
version of mode §2.

$6 Selects ftriggered logarithmic ramp and trig-
gered reset. Logarithmic version of mode $3.

3.9.5 Hold and Resume

XH (Heold) will stop the sweep and held the main
generater frequency until XJd {(Resume) resumes the
sweep. When held, the precise frequency is displayed
as HOLD AT XX GO 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 freguency returns 1o the
“hold” frequency and then sweep continues.
However, the ramp voltage at SWF QUT 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.

e voltans  moy
Bam p Srialo Ny Ui aunin

leakage current in the charging CIFCUIT even so, the
frequency remains constant. For most applications,
this drift is negligible for holds less than 600 seconds,

Ly Aruﬂ rlllrlnﬁ hnld becauﬁe of

3.9.6 Marker, Marker freguency and
Marker Qutput

The frequencies of 10 markers can be preset but only
one marker can be selected at a time. The marker out-
putis a TTLJevel low-te-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 ouiput 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-
quencies are unaltered. Marker frequencies can also
be stored for convenience (ref: paragraph 3.10.1).

XN followed by a value {1 through 10) selects the
marker number. Only the selected marker's fre-
quency is indicated by the marker ocuiput. After a
marker has been selecied, the marker's frequency
may be alterad by programming X0, and the fre-
guency (Up to 8 digits) in hertz, The value replaces the
former value upon the programming of the next alpha
character.

MARKER FFIEC!UENCY

zﬂﬁﬁa#"”/\/\/\MNWWM il

LOWER THAN
MARKER HIGHER THAN
MARKER FREQUENCY MARKER
QUTPUT FREQUENCY
Figure 3-8. Marker Qutput and Sweep Frequency
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3.10 STORED SETTINGS

Up 1o b different sets of front panel settings can be
stored in and recalled from Random Access Memory
{RAM). Option 001 provides nenvoliile memory for 40
additional stored settings. Option memory is batlery
backed up (internaliy recharged; for 80 day (minimum)
retention of aclunga IVIUIIIUI}' i5 expandabie 0 240
stared settings.

3.10.1 Storing Program Sets

Program seis may be stored by keyboard or GPIB
command. To store the program set that is in scratch
pad memaory (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 program med is the
terminator, which allows the storage to oceur. If a pro-
gram was previously stored in that location, it will be
erased and reptaced by the new set. When a program
is stored, the settings are tested for class one errors
in the same manner ag with an execute command
{ref: paragraph 3.5} The program is always stored,
whether or not errors were detected. Programs can
be stered without interrupting the output of the 178 if a
terminator other than EXEC (1) is used: this is possible
because it ig the scratch pad memory that is stored
rather than the actual settings of the wavefarm cir-
cuits (ref: figure 3-2). Notice that during 178 operation,
scratch pad memory can be changed and slored
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 10 be sent to the waveform circuitry
of the instrument, or, if desired, it may be examined
and aitered 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). f the number of a program which does not
exist or an ilegal identifying number is programmed,
an error will result.

Pressing the cursor t key or programming W causes
the program nexi in seguence after the last program
accessed to be recalled. This provides an aulomatic
way {0 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 | 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 3.18.7). There
is no error checking.

3.10.4 Deleting Programs

To delete a program, prograrn 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 Funciion Output

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

XP followed by a numerical code selects the front or
rear panel BNG:

XPO Selects front panel cutput and disconnects the
signal from the rear panel.

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

3112 OQutput OnfOff
P foliowed by a code switches the output oh or off.

PO iInternally disconnecis the sgignal freom the
selected function output BNC {as described in
paragraph 3.11.1} making the signal unavailable
at the connector. In PO, the funclion output
presents a high source impedance at the BNC,
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P1 Internally connects the signal to the selected
function output BNC.

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

3.11.3 Sync Ouiputs

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 0V to-approximately 3V
{TTL) tfrom a 500 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 tast parameter letter
entry. (Clearable entries are always prefixed by an
asterisk on the display.) The display is replaced by the
previcus value {scratch-pad value) of the parameter
being programmed.

313 RESET

The RESET key returns the 178 waveform parameters
to their power-on condition. The readout becomes
"“RBESET". 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.

315 STATUS

Pressing STATUS auwtomatically displays the current
wavefarm generator status one parameter and valug
at a time (ref: Appendix C). When STATUS ispresseda
second fime the c¢yeling immediately stops. The
parameters can then be manually searched by using
the CURSOR {1 or 1) keys {ref. tahle 2-3, steps 2
through 7).

3.16 GPIB

Almost all of the information in Section 3 is anplicable
to the General Purpose Interface Bus (GPIB)Y 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 {EEE Stan-
dard 488-1978. It suppoits the following interface
functions: Source Handshake (SH1), Acceptor Hand-
shake {AH1}, Talker (T6), Listener (L4}, Service Re-
quest (SR1), Remote Local (RL1}, Device Clear {DC1)
and Device Trigger (DT1) The talk capability allows a
device 10 send data (such as error message readings)
out over the bus. The listen capability allows 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 signat lines:

DICT - DICS Data In/Out Lines
ATN Attention

HEN Remote Enable
DAV Data Available
NRFD Not Ready For Data
NDAC Mot Data Accepted
EOH End Qr Identify
SRQ Service Request
IFC Inmterface Clear

1. DIC1 . DIDB—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 cantroller.

2. ATN—This line {Atlention) is operated only by
the controller. It specifies whether the informa-
fign on lines DICH - DIOS is data (ATN false) ora
command {ATHN true}). Whenever ATN is get true,
no activity is allowed on the bus except for
controller-originated messages; additicnally,
gvery device connected to the bus is required to
receive and process every command sent by the
controller.

3. REN—This line (Remote Enabie) controls
whether devices on the GPIB are in local or
remate modes. in local mode, devices respond
to frant 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 remoie state
when it receives its listen address (ref:
paragraph 3.16.2.1) and REN is enabled. The
178 than stays in the remote mode untii the REN

[
_;
=
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lina is put in the local state, a Ge To Local (GTL)
command is received or the LOCAL front panel
key is pressed {ref: paragraph 3.16.2.4, item 4).

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

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

5. EOI—When ATN is false, EQl {(End Or identify)

indicates that the data on lines IOt - DIOS is
the last byte of a data message. When the 178
receives a data byte with EQI 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 EQI true.

6. SRQ-—Thisline (Service Request)is used by the

178 and other devices on the bus to signal the
controfler that they reguest attention. (Ref:
paragraph 3165 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 1o accomplish this.

7. IFC—This line {Interfage Clear) is used by the

controller to reset the interface logic in all
devices connected to the bus 1o a known initial
state.

3.16.2 Commands

Commands are sent over lines BHO1 - DIC8 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—Serial Poll Enable
SPD—=Searial Poll Disable
LLO—-Local Lockout
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are recognized at all times. Universal commands per-
formed by the 178 are:

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 Lisien 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 3€, ASCIl codas SP
through >3} A 32nd address, called unlisten (hex-
adecimal 3F, ASCIl 9, 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 foilowed by the ASCII
character listen and talk addresses.

3.16.2.2 Talk Address

Talk addresses ate used to command a device to
fransmit data over lines DIOT - DIO8 whenever ATN is
false. There are 31 different availabte addresses (hex-
adecimal codes 40 through 5E, ASCIl codes &
through 1). A 32nd address, called untalk (hex-
adecimal 5F, ASCH —} 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 tisten address is hexadecimal 21 (ASCH 1}, the
talk address is hexadecimal 41 (ASCI A). Pressing
the front ADRS key displays the GPIB address as a
decimal device number followed by the ASCII
character tisten and talk addresses.

3.16.2.3 Secondary Address

Secondary addresses are used following a talk or
listen address io provide the ability 10 address more
than the 31 devices provided for by simple talk or
listen addresses. Secondary addresses are ighored
by the 178.

3.16.2.4 Universal Commands

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

1. Device Clear {(DCL)—Resets the 178 fo the
initial power on settings. Refer to table 2-3, siep
3 for power on conditions. DCL affects all
devices on the bus. This information s 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 DIO7T will be on, if service is
being reguested 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. Whan this message is read,
the status byte is reset and SRQ released as tor
the serial poll.

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

4, Local Lockout (LLO)=—Causes the GPIB inter-
face tc enter a state where the front panel
L OCAL key iz 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 (raf. paragraph
3.16.1, item 3). Local leckout must be sent to the
178 to totally disable front panel modification of
the siate of the instrument.

3.16.2.5 Addressed Commands

Addressed commands are used te 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 1o
lncal mode (ref: paragraph 3.16.1 for expiana-
tion to the REN ling).

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

3. Group Execute Trigger (GET)—Cauges the
actions as specified by the GET mode (X&) 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 wilt not be done until cur-
rent programming is processed.

3.16.3 Data Transfer

I Acetdibinn t0 nmmmmtinn mramsrseemme e b rn s dmna
PRI LY O LTy PuGiainari iy cliaracisrs

178 will transmit status information over the bus. To
program the instrument, {irst send the listen address
{with ATN on), followed by the programming data (in
ASCI, with ATN off). The instrument microprocessor
accepts the dala as fast as possible, until either 84
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 accepis the next
64 charactar siring. Whenever the microprocessor
finished scanning a string, it puts a display on the
front panel which reflects the statg of input process-
ing at that point. If the EQ! 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 EO1.

L
11

i

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 seiected by the Talk
Message Select (XT) setting. The last character of the
178's message will be the currently programmed
terminator character with the £0) line asserted.

0  Sweep Status. When read: 0 - No sweep.
1 - Sweaeping.
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,

N NN Wk

3.16.5 Service Reguest 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 2 programming error eoyreed,
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3.16.6 End of String or Terminator Specification

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

The terminator character has two uses During out-
put, it is appended to the end of avery response to a
talk request on the GPIB. During input, it signals, the
end of a group of programming characters. Since it ig
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 carrectiy.

At power on time, the EOS character is the line feed
contro! character, ASCIl character LF {1040). When
the 178 issues a talk message, the EOS character is
the last byte sent. In additicn, the End Or ldentify
(EQI) line is pulised low (END message) during the
EQS character transmigsion. If the GPIB controller
does not look for the END meszgage (EOI line low}, and
it does not recognize the Line Feed (LF} as a string ter-
rminator, a new EOS character will be needed. For ex-
ample, to change the EOS character from an LF to a
Garriage Return (CR), program XV13.

3.16.7 GET Mode

XG followed by its code selects what actions oocur
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 mede is not conlinuous. This is the same se-
quence of events that would occur if an execute,
then a trigger action (L)) were programmed, ex-
cept that no error checking is done.

MNOTE
Codes 1 arnd — 1 are applicable for Option
001 (sfored 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 (WL} except
nn errgr 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 D are performed. This is the
same sequence of events that would occur if a
previous sefting, an execute and a trigger action
{U1Jj were programmed, except that no error
checking is done.

3.16.8 Local

The front panel LOCAL key switches the GPIB inter-
face 1o the local mode if it is not locked out {ref:
paragraph 3.16.2.4, item 4).

3.16.8 Display

The single quote character ('} is used 10 program a
string of characters ta be displayed on the front panel
display. Program a single guote, the characters to be
displayed, followed either by another gingle guote or
by the terminator character. Wnen ihe second quote
or the terminator is programmed, the first 20
characters programmed after the first quote are
displayed on the front panel. |t fewer than 20
characters are programmed, then blanks are added to
fill the display.

Examples ( » indicates a blank character)

Three programmed inputs

*20,CHARACTER.LIMIT’
2 ‘THIS,\STRING,.\ISATOO,\LONG,\TO,\DISPLAY,-\ENTI RELY’

ury

L {no characters in string)

ManualsPlus.com

The Resulting Displays

-

20.CHARACTER,LIMIT, ,,
Z THIS. STRING.IS.TOG.L
3 {btank display)

3.17 PULSE OPERATION

Model 178 is capabie of continucus pulse operation at
frequencies up to 100 kHz. In this mode, the sweep
generator internally triggers the main generator. Pulse
period i3 set by programming sweep time ta any value
between 10 ws and 600 sec, with 4 digit or 10 ps resolu-
tion {whichever is less). Pulse width equals 1/2f, where
f equals the frequency of the main generator from 5
us 1o 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: Oft

Extilnt Trigger.  Internal

Sweep Time: Fulse Period

Freguency: Reciprocal of two times the
pulse widih

Amplitude: Peak-to-peak pulse amplitude

Cffset: As required to set pulse baseline
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Figure 4-1. Overall Block Diagram
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4.1 INTRODUCTION

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

42 GENERAL DESCRIPTION

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

4,21 Digital Control

Twao microprecessaors control all Model 178 functions,
The input/foutput MIcCroprocessor processes external
commands from the GPIB and keybeard, detects
class 1 errors, provides the scratch pad, five stored
settings and beeper, and sends processed input com-
mands 1o the main microprocessor. This 10
microprocessor alsc receives data from the main
microprocessor and controls the front pane! 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. Datla is serially transterred between
the two microprocessors and free of system grounds
because of optical isolation. The main
MICIoprocessor communicates with instrumeant func-
tions by an eight-line parallel bus.

The digital sweep generator is basically an ALU
{arithmetic iogic unit). The sweep adds numbers to the
frequency synthesizer (in a divide-by-N of a phase
lock loop) 10 generate an 11 decade sweep up or
down, This digital sweep circuitry also controls the 10
sweep markers, is used with the microprocessor to
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SECTION 4

CIRCUIT DESCRIPTION

control log sweep, and sends information to the ramp
genegrator which praduces the sweep out signal.

4.2.2 High Frequency Generator

The second major group of functions, the high fre-
guency generator, consisis 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 aquare, a zero crossing detector is used.

423 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 wikl
correspond o 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 freguency output is
used as a sine wave output {1 zHz to 500 kHz). The
third divide by 100 counter is used o scale the low
frequency square from the zero crossing detector to
the same frequency range as the |ow 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 migh frequency when a frequency is
selected 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 aliows the low frequency
generator to be triggered.

4.24 Output

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

mowrer amelifior Tha main racerosraecocconr controle all
LOWET allniiicrn . NS mMmain MiGroproLossirn CONUDs G

these tunctions to give the correct signal wilh optimized
waveform guality at the programmed value and dc offset.

NOTE

Detaifed anatysis wilf begin with the fre-
quency synthesizer section, the high andlow
frequency genaerafor section. the oulput cir-
cuits and, finaily, the microprocessor section.
Schematics, component focation drawings
and paris lists are in section 7.

4.3 FREQUENCY REFERENCE AND SYNTHESIZER
LOOP

Figure 4-2 shows an expanded block diagram of the fre-
quency reference and frequency synthesizer of the high
fregquency generator. The purpese of these functions is
te thsupply all internal reference signals and 2) supply
a phase locked loop ouiput signal with 14 digits of
resolutron.

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 genertator is the
10 MHz crystal ascillator Y1 and Q1 {sheet 1). The high
impedance output of this oscillator drives buffer Q2
which feeds Nor gate US8-5. The oulput at US-101s fed
to the 10 MHz REF QUT BNC and through dividers U8,
U&. and buffer Q3 togenerate the 500 kHz reference for
the phase lock loop.

A 10 MHz signal fram the oscillator is also ted through
Ug-1 to produce the 100 MHz sighal required for the high
and low mixers. The square pulses of US-1 are turned
into positive spikes via C34 and CR12, These spikes drive
the tunad tank of 04's gate. Q4's output is capacitor
coupted to L4, C45.and C46, whichis tuned to resonate
at the fifth harmonic, The tank's output is fed o Ud where
the sine is convertedinto an ECL signal rich in harmonic
content. The second harmonic, 100 MHz, is passed
through the L natwark C52 and L2 for high pass filtering
andintotank circuit LS, C53, and C&4, ECL ouiput of the
100 MHz signal is buffered via Q6 and associated
cireuitry
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The reierence phase lock loop provides internal or
external synchronization of the Y1/Q1 oscillator. A
termperature compensated, 10 MHz crystal oscillator (Y2
on sheet 2}, internally synchronizes the Y1 oscillator,
thereby providing greater frequency stabiity. If Option
002 s installed, the Y2 oscillator is replacedwith an even
more stable oscillator. If 2 1 1o 10 MHz {at i MHz
muiltinles) sine or nutse signal of 0.5 0 10Vo-pisiniectad
at the rear panel “REF IN" connector, il automatically
replaces the signat from Y2,

External input signals are shapad and amplitude limited
by CR10 and CR17, then fed to zero crossing detector
U5, which converis the input signal 1o a TTL level. The
combination of U1 and L8 make up a 930ns one-shot
that samples the signal at a 1 MHz rate. Since the
sampling raie is somewhat fixed, the systemwill not lock
to the input signal unless it iz within £ 5 pprm of a multi-
ple of 1 MHz. With the proper input signal present, the
one-shot generates a 1 MMz pulse at UG-5 (driving L 1-9
on sheet 23, and brings U1-13 high. Inverter UY forces
E12 (and therefore U11-2 and 12 gn sheet 2} low, The
1 MHz signal at U10-9 {originating from TCXO, ¥2) is
blocked because U11-3 ig forced high. With a low at
1111 the signal from E14is twice inverted. firstat pin
8.thenagainat pin 6, where it becomes the phase detec-
tor reference input {U2-3 sheat 1}.

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

This signal (originating either internally or externaty) is
input to U2-3 (sheet 1) and is compared with & second
1 MHz signal at U2-1, This second signal comes from
the reference oscillator, Y1/Q1. after being divided by
U3, and buffered by U7 pins 3, 4 and 13. Frequency
adjustment is then made as in any phase lock loop.

The phase comparator converls a phase difference of
the two inputs into two spikes. To help reduce noise, the
A044°s internal charge pump is not used. Instead a
charge pump of CR1, CR2, CR3 and CR4 receives the
1wo 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-
quency and phase of the crystal.

If the reference is too far away from a 1 MHz multiple,
no reference wil be felt at U2 pin 3. U1 with input pins
9 and 10 monitors U2's output. With no reference, U+
pin 5 goes high. This high is felt via E2 to the micro-
processor, which will display "REFERENCE NOT
LOCKEDR ™.
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Figure 4-2. Frequency Reference and Synthesizer Loop Diagram



4.3.2 Frequency Synthesizer Loop

As shown on figure 4-Z, the freguency synthesizer
loop consists of three major blocks {phase |ock fre-
quency generator, programmable divide-by-N
counter, variable pulse delay) plus the phase ac-
cumulator, The nhage Iock 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 teedback 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 dewvelop 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
{oop. This integraled circuit receives a 500 kHz signal
from the reference board and a 500 kHz sighal 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 passfilters
(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 VCQO
{voltage controlled osciliator is a quarter wave trans-
mission line type. The quarier wave neiwork 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 10010
150 Mz, this circuit acts like a tank circuit with & very
high G and lew spuricus noise. Q11 is a linear amplifier
whose function is to furnish replenishing energy to the
oscillator. Quiput to bufiering 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
cutputisthen fed to the divide-by-2, divide-by-N and to
the high frequency mixer.

4-4
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43.2.2 Divide-by-N Theory

Unlike the conventicnal 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-
tton. The excessive spurious frequencies involved are
eliminated by a puise 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
equai 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 120.14958 (a
whole number plus a fraction), and the prescaier must
equal 2 to give the proper reference.

12014956 MHz = 500 kHz

120.14554(2)
OF

fvco = Reference
{(N_F XPrescaler)

The means for obtaining a divide by N.F where Fis 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 130.257 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 o 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 50 that an average divide by N.F
(a whote 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. Thig results in a fre-
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Figure 4-3, PLL with + N and =-{N +1)

guency 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 diviscrs (N and
N + 1} that witl be averaged to produce the = 13025
diviscr required to feed the 500 kHz to the phase
detector.

The 651256 MHz from the prescaler divided by
130 =500.986 kHz or a single pulse period of 1.996 us.
To obtain the desired 130.2% divisor, only 3 pulse
periods are needed at this frequency. The fourth pulss
pericd needs 1o be 2.012 »s: 3(1.986 xs pulse periods)
plus 1 {2.012 us pulse period) gives an average of four
2 ps pulse periods giving the required 500 kHz fre-
guency rate. Converilently, a 2.012 ps 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 1.82 ks pulse petiod. 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 cutput of the phase register is fed
into the DAC of the pulse delay. the charging ramp cu-
rant will be greater than the previous pulse periad. This
higher peak triangle {ramp or pulse delay) causes a
0.004 ps delay on the trailing edge of ihe pulse delay cir-
cuit. The trailing edge 10 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
tralling edge of the first 1,996 x5 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 ps delay. Hence the second compensated pulse
period = 2 us also. :

The trailing edge of pulse pericd 2 again causes the out-
put of the phase register 1¢ be added with the 0.2500 of

4-5
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I VCQ freguency = 130.25 MHz and the
frequency reference = 500 kHz then N =130,
M+ 1=131 and the frequency registar will be
loaded with 2500, Prescalsr ( + 2) divides 13028
into 65125,

- This exarnple is extramely exaggerated.

Actual defay for this frequency would be
dpproximately .0004% of the uncompensated
pulse widtht to & maximum of .00012% with
maximum compensation.



the frequency register for a new phase register nurmber
of 0.7500.

Pulse period 3 is excactly the same as the previous 2
pulse periods except puise period 3 delays the pulse by
0.012 xs and the trailing edge causes the phase register
to add up to 1. Whenever the phase register goes to 1 0r
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
ihe next new cycle. Thus, with the divide by N+ 1, pulse
period 4 becomes 2.012 us long, the 0.0000 remains in
the phase register, and a new 8.000 us 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 puise 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 us in width of
49.6% of the duty cycle.

Second, figure 4-4 as drawn is very exaggerated. On a
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 20.139468 would
yield a divide by N to divide by N+1 ratio of about
61701035 pulse periods to 1. Hence 10,000,000 pulse
periods may need to pass before the cycle wil repeat (if
gver). 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 shest 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
196 make up the programmable divide-by-N and N +
1. The outputsof each chip are tied together into a wired
ORfunction . The overilow from the phase accurnulator
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 morenis.

The jittering 500 kHz output of the programmable
divide-by-N flows from U94-14 to U88-5, 6, 11, 12. The
positive pulse is made info a precise width by running
the pulse through U98. U98 functions as a one-shot,
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98 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 U88-13.

The resulting pulse output is fed 1o U99. From here the
“pulse delay inputs’ are fed to the bases of Q24 and Q25
on page 7-24. Q25's collector oultput is coupled to the
base of Q27. Q27's output controls the bridge diodes
CR28 CR29, CR30 and CR21 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 controlied by DAC U101, DAC U100 controls the
high frequency spur compensation {U105} which in-
creases ihe charging current as the frequency
reaches the upper range.

The resulting dual sleped ramp of the charging and
reset current with bridge diodes and C105 s
amplified via U112, Q20 through Q23 and Q26. From
here the ramp is converted inio a pulse via the level
detector U113, As discussed earlier, the railing 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,

44 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 controffed 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 1uHz 1o 500 kHz, and, in addition, provides
for syhthesized triggering.

Discussion will begin with the high frequency mixer,
progress 10 the squarefsync generator and then the
low frequency generator which inciudes the low fre-
guency mixer and the low frequency square output of
the high frequency mixer.

4.4.1 High Fregquency Mixer

Refer to figure 4-5 and the Frequency Board schematic
sheet 7. The purpose of the high frequency mixer is o

4.7
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heterodyne the 100 MHz reference and the synthesizer
VYCO frequency of 100 to 150 MHz. The difference
frequency of 100uHz to 50 MHz is routed to high pass
and low passband amplifier circuits.

Tracing from the 100 MHz reterence, the 100 MHz
signal is fed into amplifier U115-5. Here the reference
is converted to an ECL square wave whose cutput
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 conirol
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
vary pure sine wave. The sine wave is applied to pin 1
of mixer Z1 through a 15dB attenuator consisling of
R273, R279, and R280. The 15dB attenuator insures
mixer Z1 will operate within its most linear range.

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

The mixer's output signalt of 100pHz 10 50 MHz is sent
through a high frequency and a low freguency path,
The high freguency path is through a 6dB attenuator
R284-R288 and the 80 MHz low pass pi filter networks
consisting of L4-L6 and C135-138. The three stage ac
amplifier Q34-Q36 and Q32-Q41, amplifies a pass
tand 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 ¢rossing detector for square con-
vearsion,

The low freguency 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.

4.4.2 Square and Sync Generator

Since the high frequency mixer produces a full fre-
quency range of sine wave, the purpose of the zero
¢rossing detector is to convert the sine into a full fre-
quency range of sguare. The detector also 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 sguare and
TTL.
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The differential pair Q37 and Q38 are called a zero
crossing detector because the two levels of sguare
are only produced when a sing wave input crosses a
0 Vdc detector level.

Far 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
volt reference to Q38 because the low pass amplifier
of 100xHz to 10 kHz will be out of range. When a pass
band is out of range, it acls essentially as OV
reference to one of the transistors in the differential
pair. Thus with a 0¥ reference on Q37, Q38 will pro-
duce an ECL square which will be fed 1o pin 9 of U37.
From W37-2, the signal is fed to U36 (Frequency Board

schematic sheet 2). U36 is abuffer and microprocessor

controlied switch that selects either the divide-by-100

sguare 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 sing wave out.

For a signal below 500 kHz, either Q38 or 037 will be
a zero reference depending on which pass band
amplifier is out of range. The resulting square wave of
38, Q37 and U37 will be fed from U37 pins 5 and 7 1o
another line buffer of U37 which feeds Q28 and Q29.
The purpese of 028 and Q28 is to translate an ECL
level signal of 100 pHz-10-50 MHz into a TTL level. The
TTL signal from the collector of Q29 is fed 1o one
divige-by-100 counter of the low frequency generator,
This signal 1s 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 sguare before the square is fed on to become a
TTL out and sguare out.

Further discussion of U36 and sguare shaping output
signals will be made after discussion of the low fre-
duency generator,

4.5 LOW FREQUENCY GENERATOR

The purpgse 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 utlilzes the low fre-
guency 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.

4-3



In addition to these characteristics the low frequency
generalor can be triggered internally or externally for
single or gated wavelornms.

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 saction,
4.51 Three Divide-by-100 Counters

One divide-by-100 counter divides the 100 pHz to 50
MHz sguare 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-
guency for the low frequency mixer. These two
counters also synchronize the square divide-by-100
counter 50 that the low frequency sguare 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)is applied to U27-12 on shest
1 coordinates A7. From here the signal is divided by 5
vig U27, U21, and U20, divided by 10 via U23, and
divided by 2 via U11. Nand gates U192 switch the
divide-by-2 counter out of the circuit whenever ramp Is
selected. Hence the counter becomes a divide-by-80
forramp only. The cutput of U18is fed to high/low band
switch U27 and to a counter of the trigger controt
circuits.

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

The 100 #Hz reference is divided by b via 29 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 U8 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
baseling selection U18-2 (coordinates AZ) to the low
frequency mixer. The 1 MHz reference is also sentto the
digital mixer J11-14 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 U268 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 baseling
selector U4 tothe lowtrequency generator. U3-%output
alsofeeds toU11-12, the clock input to the digital mixer,

4.5.2 Synchronizaticn 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 fregquency mixer
and digital mixer, outputs from both mixers witl be in

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

the low frequency sguare, 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 technigue produces a clock pulse output at
U11-10 equal to the difference frequency.

The difference frequency from U11-10 is one of three
signais 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 ang 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 usedia limif 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 1o 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 tre-
guency is not within igs 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 wili be reset to
start the count in phase with the digital mixer autput. H
the counter is synchronized, U13 pins 8 and 6 will re-
main disabled from the cireuit. (Ref: figure 4-7))
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Figure 4-6. Low Frequency Generator Block Diagram
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TEST CONDITIONS: RESET PAROGRAM MODE (MAIN) TO GATED, FREQUENCY TO 100 kHz AND SUPPLY 15 kHz TO TRIG IN.

ui8-8 4 MHz TTL
UG- 1 MHz TTL
U10-13 1 MHz TTL
U11-10 High TTL
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Figure 4-7. Square Wave Sync Logic (Ref: Frequency Board Schematic Sheet 1)
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453 Trigger Base Line Selection

The trigger base line selection is used in trigger and
gated modes.-Since the 1 MHz referance and the 1 to
1.5 MHz YCO 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
Freguency Board schematic sheet 1) has two func-
tions: first, to set the baseline in friggered modes, and
second, to selectthe symmetrywhen arampis selected.

The 1 MHz reference square wave from U1 is applied
to the square wave delay U18, U35, and U34. U35 is 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 Gir-
cuit of the freguency mixer section.

The 1 10 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 controlled 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
Output/Power Supply schemaiic shest 1.

4.54 {Low Frequency Mixer

The low frequency mixer heterodynes the 1 MHz
reference and the 1 to 1.5 MHz variable frequencies
o produce the 1 pHz to 500 kHz ouput frequencies,
Refer to the Output/Power Supply schematic sheet

and figure 4-6. The low frequency mixer block receives
twa inputs: the 1 MHz reference square wave from the
square wave delay circuit and the 1to 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 Iimits. Q52 is part of a temperature com-
pensation circuit o maintain the amplitude stability
relative to temperature.

A band pass filter L1-L.3 and C5-C13 receives an input
from the squaring circuit and filters the square wave
into & sine wave. The filter output drives the differen-
tial amplifier U1, whose two outputs are 180° out of
phase. Each culput from U1 is buffered by U2 and U3
before driving the low frequency mixer Q5 and Q6.
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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 ouiput of Q3 and Q4 is used to switch the
low frequency mixer (Q5 and Q6) between the norrmal
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 ¢lrcuits.

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

4,55 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 Qutput/Power Supply
schematic shest 1). A positive ramp is genetated by
using the portion of the sine wave between the negative
and positive peaks. At the positive peak the balanced
mixer switches fo the inverted sine wave and againthe
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 alinear 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 ang
several sections of the iow frequency generator.

First, the VCO frequency is changed to 1 MHz plus
one-half the programmed frequency. For example, it
the desired output freguency is progammed for a
20 kHz ramp, the variable frequency will be internally
programmed to 1.01 MHz (the frequency control logic
programs the YCO 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 80 counter by
enabling gate U19-2,13 with a TTL high.

Th'ird‘ gate U2-9 (Frequency Board schematic sheet 1,
coordinaies A7) is enabled via the main

413



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 VGO divide by 100 counter.
The switching of the four-phase selection switch is
controlled by the square divide by 100 counter. Even
thaugh the last divide by 2 counter U11-6 is bypassed,
it ig gtitl operational and itg outnut U11-8 sunslieg the
gate U2-B with a sguare 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 hetrodynedin the lowfrequency
mixer. The resultant, after filtering, is half of a cosine
wave from 0° 10 180° or its inverse function depending
upon the slope of the ramp. The haif cosine wave is fed
through the triangle converter to create a ramp. The
ramp is routed through the waveforn 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
controd 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 digitat contrel lines that
contral the low fregquency generator, the sweep
generator, the trigger start/stop circuit and the low-
frequency-generator synchronization. Discussion will
begin with the trigger theory and then component
" functions. -

4.6.1 Trigger Theory

Figure 4-8 is a simpie diagram of the low frequency
trigger circuit. The trigger circuit consisis of two input
frequencies f, and f;, an electronic switch SW1, 2 pro-
gramemable delay e, and the low frequancy mixer.

If the switch SW1 is connected to the variable fre-
quency f;, f; is mixed with the reference f, resulting in
a ditfference tfrequency of 1, —f,. Thig difference fre-
quency is what normaly woudld come out of ine iow
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frequency mixer in continuous mode. To produce a de
base line associated with trigger function, SWi
switches from f;, io f,". 1, is the reference from cne
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 8W1 a high speed switch and
switching f,” 1o 1, at a rate controlled by a trigger
source, a combination of de, which is f, — 1,7, plus dif-
ference frequency f, — f, will be produced giving trig-
ger contral of one, several or many cycles from a de
base line are shown in figure 4-10.

f=, SIN w,t
{1 MHz)

fo=f, -1,
{500 kHz)

DELAY
&

or

fo=f -
{0C)

fo = SIN fw,t + a}l
0 S

X
£, = SIN w,t LOW FREQUENCY MIXER

{1 TO 1.5 MH2)

Figure 4-8. Triggered Generator
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Figure 49. Baseline Voitage Controlled By f:—f,"
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Figure 4-10. Trigger/Gate Waveiorms

In addition to f, —f,” creating a dc level, changing the
phase of £, with respect to f, will produce three dif-
ferent dc values. For example, as figure 4-9 illus-
trations, by making f,” sample i, with 0° of phase
shift causes only the positive peak to be sampled and
hence the do level f, — 1,7 is the positive peak value,
When the difference of f, — .’ is generated with a 80°
phase shiff, the dc level f, — 1, will be 0V. A 180°
phase shift between f, and {,” will make the d¢ equal
io the negative peak. A 270° phase shift between f,
and f,” will give a 0 Vdc level but the waveform phase
wili 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 contrelling the mixer
inputs consists of U28-6, 7,1J29-2, 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, sheei 1,
coordinates 3C) s sent with its inversion to U29-7 and
U32-7 via U28-6, 7, 8. These logic levels to the data
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inputs of U29 and U32 are clocked at a 100MHzrate 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 preper 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 1o
U32-11 but U31-3 will pass the 100 to 150 MHz VCO 1o
U32-11. Thus a waveform wil be produced for the out-
put circuits.

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

4.6.3 Trigger Input and Control Logic

The trigger input and control logic receives and pro-
cesses external and internal trigger sighals to contral
the low frenuency 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 pane! BNC and the trigger slope selector
U?7-2. The slope selector determines whether a
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positive or negative edge of the external trigger source
will enabie the low freguency generator. The gutput from
the slope selector is routed through logic gates US-1 and
U910 U8-13and U9-Galso receive signals frommicro-
pracessor U42if amanual trigger fram the GPIB is given.
The resulting signal output at U9-8 is differentiated by
U3, inverted by U15-10, and used to trigger the sweep
generator. The other input to U15-3 is from the siope
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. H 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
fromU74-13, coordinates Ad. These two signal sources
will be discussed in the processor saction.

Aconirolline toU8-10(sheet 1, coordinates Ch)decoded
from the microprocessor controlled data bus, seiects
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
witen the trigger slope is changed.
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TEST CONDITION: RESET, FROGRAM MODE {MAIN} TO TRIGGER, APFLY A 500 Hz TTL SIGNAL INTC TRIG IN.
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Figure 4-12. Trigger Control Logic Timing (Ref: Frequency Board Schematic Sheet 1)
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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 UB-8 to U43-28, (Frequsncy
Beardschematic sheet 3). U43, a burst counter, counts
up the number of desired triggered cycles and sends a

rnnfrnfmﬂnnlhaﬁl{inl 1152 This oirsmnal controlewiathar
Sigh WSS

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 preduced.
Whenthe set stateisremoved, 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 demanstrates, 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 inta the output circuits: the square bandpass
switch and the sine bandpass switch.
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The square bandpass switch is U368, on Frequency
Board schematic sheet 2. The high frequency square
enters U36-10from U37-2 (sheet 7). The low freguency
square enters via R46 1o U3B-7. Output from the switch
U36-9 goes to U7-7, OutputfPower Supply schematic
sheet 2. Here the signal is buffered, shaped, then sent
to the sync out differential pair (@14 and Q15) and the
square shaper (Q16, Q17) o U21-13, 14,16. U21 is

contralled by the waveform selector,

The sine bandpass switch consists of relay K1 (Cutput/
Power Supply sheet 2) for the high frequency and relay
K2 forthe 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 Moduiator

The AM modulator (figure 4-13, Qutput/Power Suppiy
schematic sheet 2) is a balanced modulator that pro-
duces and cutput circuit preportional to the product of
the AMinput 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

HIGH BAND -
SINE WAVE (>500 kHz) """ |
HIGH FREQUENCY
MIXER L

LOW BAND
SINE WAVE (=500 kHz) |

CURRENT
MIRROR
Q11, Q12,413

IN our

1 l Q* r-fl'_"1

/L

PREAMPLIFIER

oUT  ouT
LOW FREQUENCY | - 010 } SINE IN
MIXE—FL—S—IO—-—O'— BALANGED
u21 — MODULATOR

AM INPUT
(REAR PANEL) \
LINEARITY
COMPENSATION
CR6-CR9

!

U6
] AM IN

Figure 4-13. AM Modulator




The sine wave input to the balanced modulator is fed
through one of two depletion metal oxide semiconduc-
tor field effect transistor (DMOS FET) switches U21,
coordinates D8. Two control tines from the wavatorm
selector control togic switch the proper DMOS FET
switch 1o select either the high {(>500 kHz) or low
(<500 kHz) sine wave band. The sine wave drives an
analog amplifier Q9 and Q10 that provides a differen-
tial input signa! 1o the balanced modulator.

The AM modulation input, a rear panel BNC, is fed
through a dicde network CRB-CRA that is used to com-
pensate for the nonlinear characteristics in the
madulator.

The balanced modulator U6 is a single intergrated cir-
cuit that produces an output current proportional to
the product of the AM modulation signal and the sine
wave signal. As figure 4-13 demonstrates, this
modulator has differentiat outputs which drive Q11 of
the current mirror {I.} and half of the preamplifier sum-
ming node (I,).
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The current mirror Q11, Q12 and Q13 converts the dif-
ferential output [, of the balanced modulator to a
single ended outpui I, . 1,” is equal in magnitude and
phase to the input current I,. The current I,” from the
current mirror ang the output current I, from the
balanced modulator are summed through the DMOS
FET switch U21 into the preamplifier.

DMQOS FET switch U21 controls the path between the
balanced modulator output and the preamplifier.
When AM is selecied, the FET switch is enabled by a
contral line from the waveform selector contral logic
1o allow the cusrent te flow from the AM modulator cir-
cuit to the summing node of the preamplifier. When
any other waveform is selected the DMOS FET switch
is disabled, thus opening the path between the
madulator and the preamplifier,

4.7.3 Triangle Converter

The triangle converter {Output/Power Supply schematic
sheet 2) synthesizes a triangle from the low band sine

WAVEFORM WAVEFORM
CIRCUITS SELECTOR
prm— —— r—————
v
13 - 18 21 +
SOUARE o
VIAVE ,_\: u1s
K1
SINE WAVE T o
=000 kH=z —
™ Q10.
. K2 p Q18 Q19, BINARY
SLstgwlthE T O 020, Q21 ATTENUATOR
\\ PREAMPLFIER
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CONYERTER O O
—
AMPLITUDE b U2t
s
MODULATOR —_
BO7
8 8IT E—— U1
BUFFERED — :
DATA I » DRIVER _/
BUS - WAVEFORM U12, 12
sng — LATCH

Figure 4-14. Waveform Selector and Preamplifier
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wave only. The triangle converter consists of a summing
amplifier U8 with a diode network in its feedback path.
The input to the triangle converter is a 1.2 Vp-p sihe
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 1o linear ramps.

4.7.4 Wavaform Salector

The waveform selector with centrol legic (figure 4-14
ang Qutput/Power Supply schematic sheet 2), selects
one of the six waveforms (square >500 kHz, <600 kHz,
sine triangle, AM and dc) which will be routed to the
preampiifier.

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 enatiled,
the switch presents a low impadance path between
the wavelorm c¢ircuit and the preamplifier. Disabied,
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, ali switches are disabled.

Each switch is controlied by the waveferm control
logic consisting of U11 with buffer U12 and U13. The
cantrol 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 W31, U11 only does this
when the WAVE line is enabled. The output from latch
11 drives buffers U12 and U13 before being fed 10
the wavetorm selector switches. Table-4-1 is a truth
table for the waveform control logic.
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4.7.5 Preamglifier

The preampfifier (figure 4-1, and Outpul/Power Supply
schematic sheet 2} sums input currents selected by the
waveform selector and suppilies a fixed peak-to-peak
level to the binary attenuator.

The preamplifier is an inverting amplifier which is
composed of a high speed ac amplitier Q18, Q19,
Q20 and Q21 and a d¢ amplifier L0, 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 ag 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 control
logic, the bit selection switches, and the resistor at-
tenuators.

U1t and U14 the control of the attenuator, receive in-
puts from the microprocessor. Eight output lines from
14 plus two lines from U1 drive level translator
iU15, U16, and U17. These level translators change a
TTL high intoa + 15V level and a TTL low into a —5Y
ievel.

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 tine

Table 4-1. Waveform Control Logic

FUNCTION CONTROL LOGIC BUFFERED DATA UT1

KEY

WAVEFORM
ENTRY | anmn | aML | amMON {sQuare| k1 | K2 | kK3 |DB7|DB6| DBS | DR4 | DB3 | DE2| DB1[DBO
SINE WAVE =500k co 1] 1 1 ol 1] 1 xlix{olo]olojo]| 1
SINE WAVE =500k cO 1] 1 1 1 1ol 1fx!Ixiololol 1]ofo0
TRIANGLE ¢ 1] 1 1 1 1l 1ol x]{xjeloejol ol 1o
SQUARE WAVE c2 N 1 0 11| 1] xxlolol1}olo]o
RAMP c3 R 1 1 i1l olx]xiofjoelojol1lao
DC C4 11 1 1 1l xix|o]lolo|al oo
AM (SINE WAVE} > 500k| ©C5 0 | 1 1 1 111l 1]l xix|1telolol oo
AM (SINE WAVE) =500k] C5 1] 0 00 1 111 {xixtolt]oyojole
|
1= TTL QIGH 0= TTL LOW X = DON'T CARE
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Table 4-2. Examples of Programmed Amplitudes

EUFFERED DATA {MAIN MICROPROCESSOR)

414

DBY DBy DB& DBs

DB4 DB3 be2 DB+ 0Bo nae? 0Bé&

14 U 11

FET SWITCH LINES

512 5.12 258 1.28 64 a2 W 6 08 04 o2 01
]
w @~ | 1.00v 1 0 0 0 1 1 0 0 1 0 )
g Ou [ 1.76V ] 0 0 1 o 1 1 o) 0 0 a
22 & | 200v 1 0 0 1 1 f 0 1 0 0 0
g z g 3.00v 1 0 1 0 0 1 0 1 1 g 4]
S = x | 9.99v 0 1 1 1 1 1 0 o 1 1 1
T | 1000y 0 1 1 1 1 1 0 1 0 0 o

1 =TTL HIGH 6=TTL LOW

= +15% FET SWITCH ON

= -5V FET SWITCH QFF

POSITIVE
BIAB/OFFSET

INPUT AMPLIFIE . TERMSLOJLTOR
AMPLIFIER CURRENT —_— -
FROM ___ ol 122 @22, 23, AMPLIFIER == —l o
e G L
Q28 Q29 -
OUTRUT
ATTENUATOR

NEGATIVE
BIAS/OFFSET

Figure 4-15. Power Amplitier

(assumming the cutput attenuator is set for OdB at-
tenuation). Thus if only the .08 line was activated the
cutput 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 512 is used in
combination with ather nebworks,

Input to the altenuator comes from the preamplifier
(TP3} ang the output, P.A.SUM, goes o the power
ampilitier. The resistors connected to each FET con-
stitutes the individual attenuator networks,

4.7.7 Power Amplitier

The power amplifier (figures 4-1 and 4-15 and Outputf
Power Supply schematic sheet 3) is an operational
ampiifier with a wide frequency response and low
distortion output. The power ampifier receives its input
from the binary attenuator and produces an output
current, 100 mA peak into 50Q termination, to the
attenuator and, uliimately, the function output BNC's. In
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addition to amplifying the waveform, the power ampli-
fieris used to offset the dc level of the function outputio
a maximum offset of + 10V intc a 508 termination.

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

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 biasfoffset source provides the bias
voltage for the current amplifier.

The following sections describe in greater detail the
three sections of the power amplifier.

FEEDBACK PATH

INPUT FROM + 15V
BINARY
ATTENUATOR

— AN

TO
CURBENT
—p AMPLIFIER
MAX AMPL {EMMITER Q30
4.2V AT AND Q32)

MiN AMPL

V2

Figure 4-16. Voltage Amplifier

COMBINED oV
SIGNAL
PATH;
oy
]
.y ]
BIAS !
BT N
BV AT
88 MAX AMPL TO
45 AT CURRENT
MIN AMPL —p AMPLIFIER
(EMITTER Q31
AND Q33
— 15V — 15V
FEEDBACK PATH
AN
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The voltage amplifier consists of U22, Q22, Q23, 25,
026, Q28 and Q29. Signal flow through the voltage
ampiitier 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 emitiers of the output fransistors: cne
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
029, which are directly connected to the input of the
current amplifer,

The current amplifier {figures 4-15 and 4-17 and Qut-
put/Power Supply schematic sheet 3), Q30, Q31, Q32
and Q33 supplies the output current to the ouiput
afienuator and, uliimately, to the function cutput BNC's.
There are two inpuis to the ouiput attenuator and,
ultimately, to the function output BNC's. There are two
inputs to the current amplifier: an ac control current
from the voltage amplifier and the dc bias/ofisetvoltage
which controls the dc offset level at the function output
BNC's. Figure 4-17 shows the current flow in the current
amptifier for a maximum output signal, 200 mA peak
into a 504 load,

The bias/offset sources contret the bias voltage of the
current amplifier and, when controlled by the d¢ offset
circuit, will vary the dc offset level at the function out-
put BNC's. At 0V dc offset, the base of the current
amplifier transistors are biased.at + and — 12vVdc.
23 and Q24 supply the + 12V bias to Q30 and G32,
while U24 and Q27 supply the — 12V bias to Q31 and
Q33

To offset the output signal, the dc offset circuit
changes the de levels of the bias/offset sources. Fora
positive offset, the bias on Q30 and Q32 is decreased
causing an increased current flow to the lodd and the
negative bias to Q31 and Q33 is increased causing &
decreased current flow. For a negative offset the con-
ditions are reversed: the positive bias on Q30 and (32
is increaged and the negative bias on Q31 and Q33 is
decreased.

47.8 DC Offset Circuit

The dc offset circuit (figure 4-1, 418 and Output/Power
Suppiy schematic sheet 3} controls the level of de offset
present at the funciion output. The output signal may be
offset a maximurn of plus or minus 10.00V inte a 50Q
termination with a maximum resolution of three digits.
The actual maximum offset is dependent upon the
programmed amplitude and de offset; when an internal
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predetermined limitis exceed, the microprocessaor 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 buftered
daia bus from the data lateh U41 (Frequency Board
schematic sheet 3) and transfers the data to the DAC
27 when the latches are enabled by two commands
originated at the address decoder U486 (Frequency
Board schematic sheet 3); OFST Hl enables latch U25
and OFST LOenables latch U26. The DAC U27 converts
the 10 bits {3 digits) of digital data from the offset
latches intoa proportional cutpui current. The operational
amplifier U28 sums the current fram the DAC fo 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 rernain a positive value regardiess
of whether a positive or negative offset is programmed.

Amplifier U29 and swiich U30 determines the polarity
of the dc offset level, Switch U30 selects the con-
figuration of the amplifier U239, The polarity control
line from the offset latch U25 (BD7, OFST HI), a TTL
iow selects the positive oftset 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 U293 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 open) connecting the
amplifier U29 as a unity gain inverting amplifier which
supplies a negative current input 1o the power
amplifier.

The current from the de 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 oftset source
Uz24.

4.7.9 Quiput Attenuator

The output attenuator reduces the current supplied by
the power amplifier in 20 dB steps. Three sections of
resistor attenuatcrs are used tc attenuate 20 dB
through 60 dB, and a single line is used to bypass the
atienuator network tor O dB (figure 4-19).
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+15V + 15V
CURRENT 120 mA 120 mA
Q28 FLOW 10 mA
VOLTAGE
AMPLIFIEFI ; —QQ AAs
AVAAY
,’ 20 mA e
\ !“‘ X
~ _?i +12V AT O
vde OFFseTf . Qa2
I ma
POSITIVE BIAS/
OFFSET OUTPUT
SOURCE ATTENUATOR
dFROM \_ 110 mA N -
C 1
QFFSET | 220mA )
CIRCUIT i
( Y 20 ma
10 mA 10 mA
—12v AT D
uz4 vdc OFFSET
Qat
o3 )
NEGATIVE | 9% \l\\_’
BIASIOFFSET 00
SOURCE TERMINATOR
CURRENT 110 mA o
FLOW )
o
:’v” \ \/\
“l" 110 mA 120 mA, § 120 mA
Q29 “/xl/ A +
VOLTAGE
AMPLIFIER -8 - 15V

NOTE: Current is an instanianeous posilive peak current relative 10 the positive peak of the power amahiier input signal,

Figure 4-17. Current Amplifier and Bias/Ofisat Amplitler
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FROM
ADDRESS OFST HI
DECODER
U4 f OFST LD
FREQUENCY
BOARD
/
BD7
gﬁ; EBF'UESD DC OFFSET
LATCH
FRAOM DATA l u25, U26
LATCH U41 BDO
| POLARITY CONTROL
10
BITS
[ Y
DC OFFSET + I\‘\.
3 DIGIT g{o I
DAG uzs > U29 ~y
u27 v O | -
w
AMPLIFIER SWITCH AMPLIFIER POWER
AMPLIFIER

Figure 4-18. DC Offset Circuit
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FUNC OUT
—0 ) PAREL
e
K10 l O
/
\ — = PRAEI‘\?;L

De?

DBJ

OUTPUT ATTENUATOR CONTROL LOGIC
U331, U32 AND Q34

ATTEN

Figure 4-19. Qutput Attenuator
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Table 4-3. Output Attenuator Control Loglic
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1=TTL HIGH BUFFERED DATA BUS
= RELAY ON
O TTL LOW BDS | BDS | BD4 Bps | 802 | B BDO
=HELAY OFF U31 PIN NUMBER
X =DON'T GARE 18 2 12 15 5 ] 9
OUTRUT  |OUTPUT |INTERNAL Fgﬁ?;b?” KEY RELAYS AMPLITUDE RANGE
ATTENUATOR LOAD BNC ENTRY | yip K4 K5 K& K7 K8 K9 (Vp-p AT OVdc OFFSET)
0.d8 © ON ouT X EOP1 X 1 0 0 L 0 0 20.00 - 10.02
o dB ON IN X EOP1 X 1 0 0 1 0 1 10.00 - 1.01
—-20dB ON IN bt E-1P1 X 0 1 0 0 1 0 1.000 - 0.101
—40 dB ON IN X E-2P1 X 0 0 1 0 1 0 0.100 - 0.0101
- 60 dB ON IN X E-3P1 X 0 D 1 0 0 1 0.0100 - 0.001
X OFF IN X P2 X 0 o 1 1 0 0 X
X OFF out X PO X 0 D 1 0 o 0 X
X X X FRONT xPO 0 X X X X X X X
X X X REAR XP1 1 X X X X X X X
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NOTE: 1. SWEEP MODE =4 {LOGARITHMIC SWEEF).
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Figure 4-20. Sweep Ramp Generator Timing
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The proper attenuator range is selecied by the
microprocessor. The microprocessor checks the pro-
grammed amplitude and dc offset before setecting
the proper attenuation range. The microprocessor
then sends 8 lines of data {BDD through BD7) into
tatch U31. U31 will only transfer the data to its ocutput
if the ATTEN line into the chip goes high. From U31's
oulput the respective relay signals are buffered
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 contralling the output attenuation, the
putput attenuator control logic controls several other
functions. First, if 0 dB and internal 50€ 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
fused as a 50Q termination) across the function out-
put. Second, if the the output is turned oft with an in-
finite socurce impedance at the function output (PO,
A>10.00), relays K7, K8 and K9 are deactivated and
relay K8 is activated to load the powear amplifier with a
500 termination. Third, when the output is turned oft
with a 502 source impedance at the funclion output
{P2) relay K7 and K6 are activated, relay K7 connects
a 508 resistor R242 across the function output BNC
and relay K6 connects the cutput attenuater, used as
a 500 load, 1o the power amplifier cutput. Fourth, if
the output is turned off with an infinite source im-
pedance at the funciion output BNC, relays K9, K8
and K7 are deactivated, opening the path to the func-
tion ocutput BNC. Alsc, K8 is activated to connect the
output attenuator, used as a 504 load, to the power
amplifier autput.

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, U458, U49 and U5S0.

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 sweed time. As the
sweep time varies the frequency of the step pulses
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change. The ramp step puises from U50-3 {ref. Fre-
quency Board schematic sheet 3) are applied to the
base of Q5 then through Q6 info the integrator U17.
Each puise will cause the sweep output U17-6 to
increase by =2.5 my until the output reaches = + 5V. A
reset command (RST SW) at Q3 will turn on Q4 or reset
theramptozero. Atiming diagramfortheramp genérator
circuit is shown in figure 4-20.

48 DIGITAL CONTROL

The digital control section (figure 4-1) includes the in-
putioutput microprocessor, GFIB 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
cantrol logic (digital sweep generator), which control
the high frequency generater, low frequency
generator and cutput sections.

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

4.81 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
(GP1B). 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}, Inputf
output (I/O) microprocessor and the microprocessor
support circuitry. In addition, the front panel assembly
containg four BNCs: Exi Trig In, Sweep Out, Sync Qut
and Funciion 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 pane! assembly is connected electrically to
the 178 by two ribbon cables and four coaxial cables.
Cne 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 J1B. 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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Figure 4-21. Front Panel Circults



The foliowing sections describe the HO microprocessar,
its support circuits, keyboard, display and GPIB
interface.

4.8.1.1 InputiOutput Micropraocessor

and Support Clrcuits

The input/outputmicroprocesser U3{ref: Display/Logic
schematic sheet 1) acts asthe inputioutpui processing
unit. ltreceives inputinformationfrom the keyboard and
GPIB. It processes the information and sends it to the
main microprocessor via an optically isolated seral
bus. Also, ihe JO microprocessor processes oliput

information that is sent to the output ports (GFIB 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 seguence of commands ex-
ecuted by the IO microprocessor. This sequence of
instructions storeg in Read Only Memory (ROM) corm-
mands the microprocessor to perform according to
the 178 specifications. The microprocessor s
powerless without 2 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 sequencing
information. This data stored in the ROM is program-
med into the ROM at the time of manufaciure.

The /O microprocessor support circuits consist of the
auto reset circuit U186, U23, W26, U25 and U27, the
4 MHz clock T1, 1, the address latch U6, the memary
decoder U4, the 0 decoder U5, and the memaries U19,
U200 and U221,

This block receives three inputs. One input is from the
keyboard, which the 1O microprocessor controls. The
second input is data from the GPIB interface. The
third input is the serial data from the main
MIiCTroOprocessor.

Auto Reset The auto reset circuit initializes the reset
sequence of the /O microprocessor at power-on of
after a power transient interrupt. The reset seqguence
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
Uzs, U26, U27 and U17.
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The gscillator U16 pins 5, 6, and 7 produces a 32 kHz
pulse. The pulse is used as the clock input tc the
counter Uz23,

The counter determines whether cr not the T/O
microprocessor will be reset. The counter receives
two inputs: the 32 kHz clock from the oscillator and a
reset pulse originated by the VO microprocesscr of
the counter itsslf.

At power -on, outputs (OLVL, XCLK) from the IO
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. Thig transistion
is routed through U17 pin 4, U25 pin 3and U17 pin 8
to the /O microprocessor RESET line U3 pin 6. When
RESET goes low the microprocessor begins its power-
up initialization process. The power-up initialization
processes is controlied by the software contained in
Read Only Memary (ROM).

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

If the 1O microprocessor fails 10 send a OLVL pulse for
a period greater than 64 ms, the auto reset circuit will
attempt to reset the /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
Memary (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 /O microprocessor through the
isolation transformer T1 and the buffer amplifier Q1.

The 4 MHz ¢lock 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 sheetl 3, coerdinates
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) 430 pin 1,
which connects to the transformer T1.
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Address Latch The address latch U6 {ref: figure 4-21
and Display/l.ogic 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
lings (AD 0-7) from the I/O microprocessor U3. The
address latch is clocked by the AS clock line from the
I/C microprocessar U3 pin 39. On the positive going
transition of the AS clock, data at the address latch in-
piits UG pins 3, 4, 7, §, 13, 14
ferred 1o the address latch outputs UE ping 2, 5, 6, 9,
12, 15, 16 and 19.

AF el 10 Ava trmen
o I SR O QNG i aT

Memoties The /O microprocessor circuit (Display/
Logic schermatic 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.
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When a specific RCM 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 memoery deccder U4 {ref: Dis-
play/Logic schematic sheet 1, coordinates A4} enables
gither one of two Read Only Memories (ROM) U19 or
U20, or Random AccessMemory (RAM)U21 as directed
by instructions from the /O microprocessor U3. The
memory decoder is itself a ROM and itis programmed
to supply specific digital outputs (ROM1/, ROM2/ and
RAMY) for specific address bytes (ADR 14-15 and BE).

FILAMENT
VOLTAGE
GENERATOR
ADRO (FROM ADDRESS V17, U26, Q2, Q3
LATCH U&-2)
1 S Y
N ANC A J\ VACUUM
ADODE THRU FLUORESCENT
/ DRIVER ANO N / DISPLAY V1
- 7 /\
ADO THRU AD7 7 00
FROM DATA THRU AN Al
10 MICROPROCESSOR LATCH D7 ODES VN
GRID 20
11
J\ RTH
ANQDE
. DRIVER
E CLOCK
{FROM O
MICROPROCESSOR ,
U3-40 ADR 1 (FROM——I1 2 ug2 DSP 14 | GRIDDRIVERS
ADDRESS LATCH (FROM
U8-5) 'O MICRO- U1 us
SEG CLK {FROM 5 PROCESSOR DO | D
INPUT/OUTPUT DECODER Us-11) ! u3-8 1365 16 4] Fia4
BLANK {FROM /O
MICROPROCESSOR U26-8)
Figure 4-22. Dispiay
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Figure 4-25. Filament Voltage Generator Circuit Timing
(Ref: Display/Logic Schematic Sheet 2)

Inpui/Output The input/output (I/O) address decoder
Us (Display/Logic schematic sheet 1, coordinates Ad)
enables the GPIB interface processor U1 and anode
display drivers U9 and U10, as directed by instructions
fram the I/O microprocesser. The /O address decoder
is itself & Read Only Memory (ROM)and itis programmed
1o supply specific digital outputs {GPIB/ and SEG CLK/f
for specific address locations (ADR 3-8, ADR 14-15, R/
Wand 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/flLogic schematic sheet 2) consists of the fluores-
cent display V1, anode drivers U9, U10 and U7, grid
drivers U8 and U11, and thefilament voliage generator
Uze, 117, Q2, Q3,and T2.

The fluorescent display V1 is a 20 character display,
Each of the 20 characters or grids contains 18
segments or anodes. The flucrescent 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 microprocesser U3. This data is
converted into the information required to turn on the
grids an¢ 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 éequence re-
quired for turning on the grids (ref: figure 4-22). First,

the DSP line U11 pin 14 from the YO 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 shiftg the DSP data inte
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 containg the upper order grids
{GRIDS 11-20). Grid dispiay timing is shown in figure
4-23.

Synchronowus with each grid pulse is the datarequired
to turn on the proper anodes, thus lighting the necessary
character. The anade data flow through the display cir-
cuit is shown in figures 4-22 and 4-24_The E clock from
the 11O microprocessor U3 pin 40 laiches the data
(ADO-ADTY Into the data latch U7 ADRO and ADR1 are
address lines which select one of two anode drivers U3
or U10. After the anode driver is selected, data is strobed
into Ugar U10 by the SEGCLK from the /O decoder US,
The data from the anode drivers is presented to the
flucrescent display when the output enable OF line goas
low, blanking the display. Each of the 16 anode oulputs
controls one of the 16 flecurescent display segmeants.
When the output goes high { + 44V} the segment is turned
ofn. Whan the output goes low (OV) the segmeant is furned
off.

The filament voltage generator U26, U17, Q2 and Q3
{ref: figures 4-22 and 4-25 and Display/l ogic schematic
sheet 2, coordinates B3) supplies the flucrescent dis-
play with a & 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 Db}, Fush-pull driver, Q2 and Q3, drives
the isclation transformer T2.
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Figure 4-26. Keyboard

4.8.1.3 Keyboard

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

48.1.4 General Purpose Interface Bus

The GPIB interface (ref: figure 4-1, 4-21, 427 and
Display/Logic schematic sheets 1 and 3) aliows the
instrument to be remotely programmed by a minicom-
puter, calculator, etc., via the General Purpose Inferface
Bus {GPiB). The GPiB interface is animplementation of
|EEE Standard 488-1978. It supports the following 488-
1978 defined interface functions: Source Handshake
(SH1), Accepter Handshake (AH1), Talker (T€), Lis-
tener (L4}, Service Request (SR1), Remote Locat (RL1),
Device Clear {DC1)and Device Trigger (DT1}. Thisbus
transfers messages in byte sertal 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,
5RQ, EC! and REN)

3 Data Byte Transter Contral Lines (NRFD, NDAC
and DAV)

e o O T ) | H
in d

ese lines are defined in paragraph 3.16, as in opera-
tion with the GPIB.

The GPIB interface performs the following two func-
tions;

1. Detects the GPIB Listen and Talk Address.

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

In the 178, the GPIB interface s 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 (ADC-AD7) are con-
nected directly to the /O microprocessor's data bus.
Other lines {RAN, ADRO, ADR1, ADR2, GPIB/, TRQ and
£ clock) are connected 1o the /O microprocessor
circuit. )

The GPIB address is selected by the GPIB selector
switch, located on the rear panel, Switch closures
select the GFIB address (Ref: paragraph 2.2.4). The
switch contacts are connected to U12 which is a
tristate inverter. When G1 and G2 on U112 go low, the
inverted GPIB address is placed on the /O micro-
processor's data bus. 1f G1 and G2 are high, the output
from U12 is in a high impedance state.

4815 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 g™ (Tone
OnfOff key

The heeper socund 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
schernatic sheet 2, coordinates A3) consists ofa 12 bit
counter 128, the counter control logicU25pins 8,8, 10,
5.6, and 4, the beep driver Q4 and the slectromechanical
transducer D51,
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The following describes the circuit operation. The
counter is reset by the BEEP line, which {5 generated
by the /O microprocessor U3 pin 20 The counter
outputs (Q11 and Q12) U28 pins 1 and 15 are reset to
zerg; this will enable REC, the senal data from the 11O
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
pericd of the beep. A counter cutput U28 pin 3 drives
the beeper driver Q4 which, ir 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 1O
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
MIiCrOprocessor.
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The /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 isolatar U24 pin
3 on the SERQ Iine that coemes from the main micro-
processor U42 pin 12 (ref: Frequency Board schematics
sheet 3 coordinates D7 and Instrument schematic
shest 1 coordinates AG) through US4 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) act as the central processing unit, they receive
optically isclated information from the Input/Output
microprocassor (ref: paragraph 4.8.1.1)and actonthis
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 inciude frequency
controllogic and control registers cn both the Frequency
and Output/Power Supply boards.

Software refers 10 a sequence of commands ex-
ecuted by the main microprocessor. This sequence of
instructions stored in Read Only Memory (ROM) com-

H BEEPER ENABLED

BEEP {U28-11) OV

]

U28-16 + 5V

wes . T L T T LT 2k

a1, ue1s | I

a1z, us1 | r‘——
s | |

rec uzse LTt 1t ML T LI easkHzTrLPuLSE
AN S U e S s s T H
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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 torun; therefore, the software is one
of the most vital elements of the digital section. All
infarmation transfer takes pltace 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
ol the address laich, read only memaries, memaory
address decoder, data latch, address decoder, 4 MHz
clock, autaresetand opticalisclator. The following sec-
tions describe each circuit in further detail.

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

Read Only Memory The software for the main micro-
procassor is contained within two Read Only Meamories
{ROMs), Ud4 and Li4h (ref: Frequency Board schematic
sheet 3, coordinates D5}, Each ROM receives 10 ad-
dress lines (AQ-A10) from the main microprocessar
U42 and the address laich U55. When the memory
address decoder UbZ enables either ROM, specific
address selecl specific data at the ROM's cutput (DO-
D7). All data fromi the ROM's are fed as inputs o the
MAIN MICroprocessor.

Memory Address Decoder The memory address de-
coder U52 and US3 (ref: Frequency Board schematic
sheet 3, coordinates C5 and C7) enables the ROM's
{44 and U45), the burst counter U43, the address
decoder U46, 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 decader I1G's which supply
specific output lines (ROM U44, ROM U45, SEL 6840/,
WRITEMARKER/, WRITELOAD/, and READFS/) for
specific address bytes (A13-A15, Ab-AY and BE).

Data Latch The data laich U41 {ref: Freguency Board
schematic sheet 3, coordinates D2) buifers the data
fromihe data bus (D0-D7) of the main microprocessor.
The data transfers through the data laich at the positive
level of the E clock U41 pin 11, whichis supplied by the
main microprocessor U42 pin 40. The output data from
the data latch (DO-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 outpul/power supply
board, control state machine (EP RESET/) and burst
counter {INIT BURST/}. The decoder select lines {AD-
A2}y U46 pins 1-3 are decoded when the memory
address decoder US3 pin 14 enables the decoder and
thie £ CioCK, WhiGh is supplied by the main micropro-
cessor, U42 pin 40 reaches a posilive level. The
outputs of address decoder U46 (pins 11-15) arerouted
through connector J13 pins 3-13 on the frequency
Board to connector J7 pins 8-13 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 US89 pinGio the
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 circuil ground.

Actually there are two optical isokator circuits. One
optical isolator is located on the front panel assembly
and isolates the data received by the /O microprocessor
from the main micsoprocessor; 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 isolaies data sent by the WO
MiCroprocessor.

The main microprocessor optical isolator cirguit (ref:
Frequency Board schematic sheet 3, coordinates D3)
consists of an optical isolator U40. Serial data is fed into
the optical isolator U40 pin 3 on the SERtlinethat comes
from the /O microprocessor U3 pin 12 (ref: Display/
LLogic schematic sheet 1, coordinates C6 and Instrument
schematic sheet 1, coordinates AB) through U17 pin 12,
J30 pin 15 and J15 pin 15,

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



The auto reset circuit (ref: Frequency Board schematic
sheet 3 coordinates C8) consists of an oscillator U398,
a counter U38 and conirol logic US0 and US4,

The following describes the operation of the aute
reset circuit. The microprocessor auto résat circuit
resets the main microprocessor when the power is
turned on, or when the /O microprocessor senses an
interrupted data flow back to the IfO microprocessor.
The auio reset circuit is enabled by a pulse at US0 pin
4 from the 1O 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 {0
switch the reset line on the main microprocessor U4z
pin 6 low The reset line is held low while the 12 bit
counter counts another 40986 cycles. On the 40861h
count, the reset line will switch high 1o reset the main
microprocessor. |t the main microprocessor s
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
microprocessaer 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 attermpted. At the com-
pletionof the 15th cycle, serialcommunication between
the two microprocessors wili cease and the display will
read PwWG ON-ERR RESTART.

4.8.3 Frequency Control Logic

4.8.3.1 Overview

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

Thefrequency control |ogic circuitis shewninfigures 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 ciruit.

Input data to the frequency control logic circuit comes
from the data bus {DG-07) of the main microprocessor
U42 pins 30-37. In addition to the data from the main
microprocessor, the frequency control logic receives
addresses AD-A3 from the address latch US5.
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There are four cutputs 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 legic circuii. Each IC is shown
controlled by a digital command. The digital com-
mands are described in table 4-4.

4832 Input

Data input to the frequency control logic cirguit is
from the data bus (D0-D7) of the main
micropracessor. 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 {L0-D7)in
# bit groups. The data is further reduced from 8 bit
words to 4 bit words by the frequency data multiclexer
Us7 and US6 hat drives the date input (WRITE DATA
0-34 o the frequency conirol iegic circuit W70 and
WEste)

4,8.3.3 Data Flow

The data (figure 4-30) is shifted 4 bits at a time inio
Random Access Memories (RAM) U70, UBS, &1,
U72, and UB0D. Next, the data is transferred through
latches UB6, W00, U79 to the adders UBY. U8B3 and
uaz.

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 UGG, UG7, US4 and
U78. This state machine is initiated by the ADD CYCLE
from the divide by N counter in the frequency synthe-
gizer. Itis clocked by the MCLK1 and MCLK2from 6.67
MHz clock U592, UB0. Its command outputs (STOP,
UPDATE FREQUENCY, MSD TIME, LMARK, LDAC
AND LDBN} control portions of the freguency conirol
logic. Also, the ALU state machine provides addresses
U66 pins 10-13 (AABO-3) that control portions of the
frequency control logic.
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Figure 4-30. Frequency Control Logic Block Diagram (Ref: Frequency Board Schematic Sheet 4)
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Table 4-4. Frequency Control Logic Control Commands

Command Function Origin Destination
Enables buffer US8 {o feed Memaory address Data buffer U8
READFS! hold frequency data to main deceder US3 pin 11 pin 1 and 18
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 UB3 pin 12

register U7 pin 3

LOAD INCREMENT

Selects either AQ - A3 or

Controt state machine

Address selector

AABO - AAB3 addresses Us1 pin 10 68 pin 1
MCLK 1 667 MHz clock. 8.67 MHz clock Freguency increment latch
Inverted MCLKY 59 pin 2 BB pin 4 and 13

 Enables gate UB4 to load

r

LOAD FREQUENCY/ l frequency data into freguency

| sweep ALU

| Clocks marker"dljtput 10 BNC

Control state maching
Ug1 pin 5

Gate U84 ping
4,1,13and 9

ALU state machine

Marker latch U77 pin 3

LMARKMCLK! LMARK LIGE pin 4 and
MCLK/ U8d pin 10
Loads 4 most significant MCLK Us} pin 10 and |Frequency {aich
MCLK/«LDEN frequency bits into divide . ALU state machine U3 pin 11

by N counter

UGB pin 2

WRITE MARKER!

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

Memory address
decoder U53 pin 13

Marker storage register
LGS pin 3

Writes NEW FREQ data inio RAM

UPDATE FREQUENCY

Freguency Control

FREQ CLK when low. Reads frequency data U77 pin 11 and MCLK! jstarage register U81
when high LI60 pin 10 pin 3. Frequency hold
| storage U72 pin 3
MCLK 2 68.67 MHz clock : 6.67 MHz clock Frequency sweep latch
Inverted MOLK! 1 U59 pin 4 90 pin 4 and 13
UPDATE Selects either AD - A3 or UPDATE FREQUENCY |Address selector
FREQUENCY AABO - AAB3 addresses U77 pin 11 U71 pin 1

4.8.3.4 Arithmetic Logic Units -

The frequency conirol icgic circuit containg three
arithmetic logic units (ALU's). These ALU's process
data from variocus sections of the frequency control
logic circuit.

The three ALU's, shown in figure 4-30 and Freguency
Board schematic shest 2, are the phase accurmulator,
frequency sweep and frequency marker ALU's.

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

The phase accumuiator, shown in figure 4-30 and
Frequency Board schematic sheet 4, consists of the
phase storage register UBQ, the frequency storage
register U81, the data latches U79 and U90, and the
adder Ua2.

There are two data inputs 1o the phase accumulator
U82. One data input comes from the phase siorage
register UBQ; the latch U79 provides data isolation
between the adder and the phase storage register.
The second data inpui 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 Ug1
and U922, and the phase storage register. The secon-
dary output is the carry cuiput Ci from U82-9 that i3
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routed through the DAC register U32 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 iz an examole of how the
phase accurnulator operates. The contents of the fre-
guency storage register is fixed at 0.125000 in this ex-
ample; this number does not ¢change when operating
in the continucus 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 3.8.8) the contents of the phase storage
register must be moditied. For this example the initial
phase storage register contents are at 0.222222. In
add cycie 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 unti
add cycle 7, when the phase accumulators adder pro-
guces a carry output {(C1) UB2-9 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
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power up to power off regardless of the operating
mode

Frequency Sweep ALU The frequency sweep ALU
changes the digital frequency data at ingrements
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 U835, the frequency stor-
age register U81, the data latches U86, U84 and U230,
and the frequency sweep adder UB7.

There are two data inputs to the frequency sweep
ALU. One data input comes from the frequency incre-
ment register LB5; the data latch USE provides data
isolation between the adder and the frequency incre-
ment register. The second data input comes from the
frequency storage register UB1; data latches U0 and
U84 provide data isolation between the adder and the
frequency storage register.

The outputs (NEWFREQ 0-3) from the freguency
sweep adder UB7 are routed 1o four different sections
within the freguency control logic circuit. First. the
most significant eight bits are loaded into the latch
U89 thal controls the freguency synthesizer's pro-

ADD FREQUENCY

CYCLE STORAGE
1 125000 +
2 125000 +
3 125000 +
4 125000 +
5 125000 +
& 125000 +
7 125000 +
8 125000 +
g 125000 +
10 125000 +

Figure 4-31.

PHASE
STORAGE SUM
222222 — 347222
i p—
¥
347222 — 472222
e
+
472222 — 597222
N
597222 —_— 722222
e —
.?22*222 e §47222
e —
—
847222 —_— 972222
[ —
.9?25 — 1097222 CARRY QUT
e —
r
Lorz22 — 122222
Serr—" L —
¥
22222 — 247222
[ g—
‘

Example of Phase Accumulator Adder Cycles
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grammable divide by N counter. Secand, all 48 fre-
guency bits directly drive ong input to the marker
ALU. Third, the 48 frequency bits are ioaded into the
frequency storage register LIB1 that provides data for
the phase accumulatar UB2. Fourth, the 48 frequency
bits are loaded into the data buffer U72 that routes the
data back through the main microprocesser 10 the
display, which displays the hold frequency.

The ocperation of the frequency sweep ALU simply
adds the contents of the frequency increment register
U85 and the frequency storage regisler U81 at the
frequency sweep adder UY This sum replaces the
contents originally stored in the freguency siorage
reqister UB1. The frequency sweep adeer UST operates
continuously regardiess of the insiruments operating
mode: continuous frequency. linear sweep or logasnthmic
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 freguency, linear sweep and logarithmic
sweep modes.

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

In linear sweep mode, anincrement, calculated by the
main microprocessor U42, is stored in the frequency
increment register UBS. Every 5 5 the increment ig
added by UB7Y fo the data stored in the frequency
storage register. The sum is then returned to the fre-
guency storage register U81 for the next cyele, 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 Sps the increment is
added to the data stored in the freguency stcrage
register. The sum from the adder is returned te the fre-
quency storage register U81. Every 2 ms the main
microprocessor 42 changes the freguency incre-
ment. This continuous changing of the increment data
causes the frequency 1o sweep at a logarithmic rate.

Marker ALU The marker ALU provides a level change
at the Marker Quput BNG that indicates when the out-
put frequency equals the selecied marker frequency.
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The trequency marker ALU, shown in figure 4-2& and
Frequency Board schematic sheet 4, congists 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 eutputs (NEW FREQ 0-3)
from the frequency sweep adder U87. The second
data input comes fram the frequency marker storage
register UBY. The marker storage register U69
receives iis inpul (WRITEDATA 0-3/ through the main
microprocessor UA2 fromihe storage registers UZ2S and
and U22 {schematic 0103-00-1614 sheet 1) associated
with the /O microprocessor.

The output from the marker comparater UB3-9 is the
carry output C3. From the adder, the carry output is
routed 1o data fatch UB8-12. When the daia latch USS
sclocked (LMARK «MC LK the daia input s trans’erred
1o the Marker Qut BNC on the rear parne

The operation of the marker ALU simpiy 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-
quency, the carry output will be a TTL low. When the
marker frequency and the ouiput frequency are equal,
there wil be a eveltransition at the comparatar scarry
output. The leveitransizion will be either a TTL low to high
if thesweep frequercyisincreasing. cra TTLhightolow
if the sweep frequency is decreasing. If the sweep fre-
auency is higher than the marker frequercy the carry
output s a TTL high

Themarker comparator UB3 continucusly compares the
output fram 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 4y consist of five voltage regulaters: + 15V, — 15V,
+ 5V referenced to circuit ground and + 44V, + 5V
referenced o isctated {ISQ) 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 transisiors and current
limiting circuits.

The primary circuit reference source is a zener dicde
CR39 that references the + 15V supply. The + 15V
supply, inturn, isthe reference source for the — 1 Svand
+ 5V supplies. The isolated reference scurce s +5Y

4.46
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linear reguiator VR1 that is the reference for the + 44V
ISO and the + &Y 1SC 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 anaver voltage protection circuit U36and Q51
that protects the circuits connectedto the + 5Viine from
vpltages over a certain Hmit,
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SECTICN

PERFORMANCE VERIFICATION/CALIBRATION

5.1 FACTORY REPAIR

Wavetek maintains a Customer Service department. If
an instrument is returned tc 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 petformance. If any specification is not met, cali-
brate the entire instrument. Refer 1o 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 betier 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 Suggesied Model Comments
Multimater H-F 3478 A
Universal Counier H-P 5334A
Spectrum Analyzer H-P 8568A

Synthesizer
Oscilloscope
Mainframe
Plug-ins
Dual Trace Amplifier
Dual Time Base
Sampler
500 Terminator

Wavetek 178
Takironix 7904

Tektronix 7A28
Tektronix 7B92A
Tektronix 7514
Tektronix 011-0129-00
Tektronix G11-0060-G2

1,2,3....90or 10 MHz, <5 ppm
Bandwidth =250 MHz.

500 + 0.1%, 2W
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Table 5-2. Performance Verification
Step Check Tesfaer |[Test Paint Program Minimum_Spec |Maximum_Spec
1 |Frequency Accuracy| Counter FUNGOUT |Reset 9.93995 MH:z 10.00005 MHz
(Without Option 002) {Use 5002 |FREQ:1E7
2 Termina- |FRECE 458.58585 | 468.55748 Hz | 500.00245 nHz
3 |Frequency Accuracy tion) FREQ:1E7 9.9999995MHz | 10.0000005MHz
4 (With Option 002} FREQ: 499.999499 | 499.8998743Hz { 500.0000249H=z
5 [(Amplitude Accuracy|Oscilloscope FREGQ: 1E3 9.89V 1011V
Piug-Ins AMPL: 10
B 7A13 FUNGC: 1 9.79vV 10.21V
7 7B92A FUNG: 2
8 FUNG: 3 8.39V 10.61V
g Offset Accuracy FUNC: 2 -0.14 014
10 FUNGC: 1
11 FUNC: 0
12 jAmplitude Resolutiory 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 m¥
17 AMPL: 1.36 476 mv 480 mV
18 AMPL: 1.44 500 mV 518 mv
18 AMPL: 1.60 556 mV 575 mV
20 AMPL: 1.92 668 mV 690 mV
21 [DC Vollage Accuracy] Multimeter FUNC: 4 9.860V 10.140V
{(Vdc) AMPL: @
OFST: 10.00
22 OFST: -10.00 -10.140V -9.860V
23 OFS3T: 5.00 4. 910V 5.090V
24 OFST: 2.56 2.434Y 2625V
25 OFST: 1.00 0.950V 1.050V
28 OFST; -1.00 -1.050V -0.950V
27 QFST: 0 -40mV +40mV
28 OFST: 1.28 1.227V 1.332V
29 QFST: 1.29 1.23V 1.34V
30 QFST: 1.30 1.24Y 1.35V
31 QFST: 1.32 1.28V 1.37V
32 QOFST: 1.36 1.30V 1.41V
33 OFST:. 1.44 1.38V 1.49V
34 OFST: 1.60 1.54Y 1.66Y
35 OFS5T: 1.92 1.86Y 1.98Y
36 Attenuator FUNC: 4 3.95v 4. .05V
Accuracy OFST: 0
AMPL: 4.0
37 AMPL: 0.4 0.386V G.414V
38 AMPL: 0.04 0.038V 0.042Vv
39 AMPL 0.004 0.00378V 0.00422V




Table 5-2.

ManualsPlus.com

Petrformance Verification (Continued)

Stepl Check | Tester |Tesl Pointt Program |Minimum Spec]Maximum Spec'
For steps 40 through 42, record the indicated iiems at the worst case harmonic {typically the second
or third)

40 Sine Distortion Spectrum  |Connect AMPL: 2.82 Fundamental:
Analyzer | rear panel |FREQ: SkHz to Frequency; kHz
Settings: |"FUNC OUT'|50kHz in SkHz Amplitude; dBm
State; through X5 |Steps Harmaonic:
Preset| atten. to Amplitude; dBm
Atten; analyzer |{Harmonic Amplitude must be at least 55 dBm below
30 dB| "100 Hz- [the Fundamental Amplitude)
419 Ref Level; 1.5 GHz |[FREQ: 50kHz to Fundamental:
0dB| INPUT". |}300kHz in SCkHz Frequency; kHz
Mixar Level; [Connect Steps Amplitude; dBm
-30 dBm| front panet {FREQ: 300kHz to  |Harmanic:
Start Freq; |"FUNC QUT"|500kHz in 20kHz Amplitude; dBm
1.2 X Freq.| to analyzer |Steps
Stop Freg; "100 kHz- |{Harmonic Amplitude must be at least 40 dBm below
3.5 X Startf 1.5 GHz [the Fundamental Amplitude)
freq.] INPUT"
42 FUNC OUT |FUNC: D Fundamental:
(Use 504 {FREQ: 5MHz tc Frequency; kHz
Termina- [50MHz in 5MHz Amplitude; dB8m
tion and) |Steps, and at Harmenic:
X5 Atten. [27.5MHz Amplitude; dBm
(Harmonic Amplitude must be at least 30 dBm below
the Fundamental Amplitude}
43 Spuricus Level Spectrum FREQ: 1005E3 All spurs at least 44 dBc below
Analyzer fundamental
Setfings:
Preset
Ref. Levet;
20dB
Span;
20kHz
Center Freq;
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 55% £ 5C¢ mV
and Aberrations {Of peak o peak
voltage)
47 AMPL: 10 Rise/Faill Time <10ns (Each
18 AMPL: 5 transition)
Aberrations <5% £ 50 mV
{Of peak to peak
voltage)
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Table 5-2. Performance Verification (Continued)
Step Check Tester ([FTest Point Program Minimum_Spec |Maximum Spec
49 |[Trigger Baseline Multimeter | FUNCOUT |FREQ: 200kHz -1G0mV 100my
{Without Trigger {Vdac) {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): G 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 MOBGE (Main): 3 70.35kHz 71.05kHz
BURST Count;: 7
55 MODE {Main): 4 10.05kHz 10.15kHz
56 MODE {Main}: 5 100.5kHz i01.5kHz
57 MODE {Main): 6 70.35kHz 71.05kHz
BURST Count: 7
58 AM Input Multimeter MODE: ¢ Record Results
(Vrms} FUNC: & {Should be approximately 5Vp-p)
{Connect OVde to
AM IN connector)
59 Step AM IN from [Record AM IN dc voltage corre-
-3.5Vde to -2vdc |sponding to an output voltage of
in 0.1Vde steps -0.1 1o +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 sieps >2X Step 89 Results
61 Caiculation Step 91 Results- 4.752V 6.048Y
Step 90 Results
62 | Reference Input/ Counter REF OQUT Reset 999,993 kHz (No deviation)
Output Signal Source|Connect
Fung; Square}Signal
Ampl; 2.BY |Source
Freq; "Function
999.993 kHz|Out" to
63 Signal Source} 178 under 10.00007 MHz (No deviaﬂon]_
Freg change {test "REF
1.000007MHZ| IN"
64 Signal Source G.99993 MHz (No deviation}
Freq change
9.99993 MHz )
65 Signal Source 10.00007MHz {No deviation)

Freq change

10.000C7MHZ
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Table 5-2. Performance Verification (Continued)
Step Check Tester |Test Point Program Minimum Spec|Maximum Spec
66 Lingar 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 5.6 Vde
Stop Voltage/Freg. 10 kHz[ 19.898% kHz 10.001 kHz
68 Log Sweep SYNC OUT STOP FREQ: 9.999 kHz 10.001 kHz
Start Frequency to Gounter 20 kHz
.89 Log Sweep SWEEP TIME: 19.999 kHz 20.001 kHz
Stop Frequency .01
Use "MAN TRIG"
to initiate sweep
70 Sweep Time Counter FUNC OUT Reset 1233.9 ms 12341 ms
{(Use 500 |FREQ: 200 kHz
Termina- |AMPL: 2.5
tion) FUNC: 3quare
MODE: Trig
TRIG Mode: INT
SWEEP TIME:
1234 ms
71 Sweep Time; 43.2058 ms 43.215 ms
43.21 ms
72 Marker/Quiput Multimeter | MARKER Reset
Status {Vdc) OUT (TTL) |FREQ: 992.99 Hz oV 0.5 Vde
73 FREQ: 5000.01 Hz 2.5V 5.0V
74 MARKER #: 10 oV 0.5 Vde
MARKER FREQ:
5 kHz
MAIN FRECQ:
4.99999 kHz
75 MAIN FREQ: 2.4 Vdc 2.5 Vdc

5.00001 kHz

55




5.3 CALIBRATION

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

r

NOTE

The completion of the calibration procedure
returns the instrument to correct alignment.
CALIBRATION LIMITS AND TOLERANCES ARE
NOT INSTRUMENT SPECIFICATIONS Insiru-
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 ¢alibrations if the
records indicate.

Table 5-3.
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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 Seiting
boards do not require calibration.

NOTE

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

2. Whenusing the Function OQut BNC, it musi
he terminated with a boQ foad.

5.4 FAN FILTER

The air inlet for the insirument 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). Vacuurm or wash and dry the screen
as necessary {at least yearly).

Calibration Test Equipment

Instrument

Suggested Model

Comments

Digital Voltmeter Fluke B520A
Peak Detector
Freguency Counter
Oscilloscope
Main Frame
Flug-ins
Dual Trace Amplifier
Duat Time Base
Differential Comparalor
Sampler
Probe

Tektronix 7904

Tektronix 7A26
Tektronix 7B82
Tektronix 7A13
Tekironix 7514

56

Tektronix 067-0625-00
Hewiett-Packard 53704/

Tekironix 6106

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

Bandwidth 2250 MHz.

| %10
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Calibration Test Equipment (Continued)

Instrument

Suggested Model

Comments

Spectrum Analyzer

Coax-to-BNC Adapter

Load

Attenuator
Reference Frequency Generator

Function Generator

Hewtett-Packard 85684

Wavetek 178
Wavetek 182A

Female BNC, 6-inch, 50Q coax cable and
male portion of vertical coax connector for

circuit boards.

50 +0.1% 15W

B0Q x 5 2W

1,2,3... 9or 10 MHz, <5 ppm
1 kHz, 5 Vp-p Triangle

Table 5-4.

Calibration Procedure

NOTE: Open column indicaies previous eniry remains applicabie.

Desired
Step Check Tester Cal Point Program Adjust | Resulis Remarks
i
1 + 15V Supply DVM {dc mode) FB2, TP6 (Gnd) RESET R307 15 = Y Usze TPG tor
Vollage {OutputiPower (Qutputy i Ground.
Supply) i Power
Supply)
—_— - _
2 - — 15V Supply FB3, TP2 (Gnd) Mone —15 + 08V Verify

“Voltage {Output/Power

: Supply}

T

3§ 45V Supply FB1, TP6 (Gnd) +519 = N2V | Varify
Voltage (Outout/Power

Suppty)

4 +5V 180 JB3(+5150) | 502y Werify
Supply Vollage J8-2 (Gnd) i Use Jg-2 for
Ground (QuiputiPower greund.
Reference Supply)

5 | +44v IS0 JB-1 4+ 44y +44 + 2V

- Suppiy 150, J8-2 {Gnd)
| Voltage {Output/Power
Supply)

B | 100 MHz i Spectrum Analyzer ; J3 (Reference After test con- Catland C45 | TVpp, Remove cable
Reference Center Freq: Board). Con- hection is rmade | {Reference SPUNIQUS “rom J3 (Ref-
Spuricus 100 MHz nected with POWER: ON Board) >G5 dBe erence Bd)

Freq Span: 50 MHz | coaz-0-BNC i and with coax-
adapter. to-BNC
: adapter, con-
nect analyzer
to J3.
Disolay will be
blank.

T 100 MHz Ca3 (Reter- Level After adjust-
Reference ence Board) 2+ 2dBm ment, recon-
Level neci cable to

J3

5-7
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Table 5-4. Calibration Procedure {Continued)

; Desired
Step Check Tester Cal Point Frogram Adjust Resuilts Remarks
8 | Mixer Spectrum Analyzer FUNC OUT FRED: 49E6 R282 51 MHz 49 MHz, 1¥pp
Spurious Center Freq: {Frant Panel (Frequency spuriols to sine wave at
50 MHz BNC) Board) minimum FUNC QUT.
Freq Span: 5 MHz . value.
Res BW: 30 kHz {Typically
Sweep Time: 20ms »85 dBc}.
Atin: 20 dB
Video BW: 30 kHz
9 Fractional Spectrum Anatyzer FREQ: 1.005E6 R134: Adjust spurious
Frequency Genter Freq: Coarge to »>50 d8c
Spurious 1.005 kMHz adjust.
Freq Span: 20 kHz ! A139: Fine
Res BW: 300 Hz adjust. (Fre-
Sweep Time: 1 sec guency
Attn: 20 dB Board)
t0 24M Spuripus Spectrum Analyzer FREG: 24 005E6 | R144
Center Frag: : {Frequency
24.005 MHz Board}
1 480 Spurious Spectrum Anailyzer FREQ: 48.005E6 | Ris1
GENTER FREG: {Frequency
43.005 MHz Board)

12 Pulse Width Dscilloscope with i-4 FREG: 1E6 R25 Display will If in sync,
Adjustment X 10 Probe WWYV | (Reference : (Reference | read “REF “REFERENCE
in Reterence Broadcast 1 MHz Board) Board} LOCKED . LOCKED,; will
Input Circuit Freg Standard. Pulge width display. If net,

Amplitude; 1 Vpp 70 + 10ns “'REFERENCE

Connect ref gignal {See figure WOT

1o EXT REF IN 5-1). LOCKED" wilk
' display.

13 Low Fre- Discannact WY TP1 and TPY RESET R41 0 +.002v
quency Mixer Freg Standard. {Gnd). {(Qutputf
Zeto OWM {dc mode) {Output Power FPower

Supply Board) | Supply
" Board)
NOTE: Center R279 before performing next step.

14 DC Oftset DVM {de mode) TP4 and TPB | RESET | R271 0 + 002y

DAC Zero {Gnd) ; {Output!
{QulputiPower Power
Supply/Board) Supply
: Board)

15 1 Power FUNC OUT FUNC:a R174
Aamplifier Zeto Front Panel, AMPL: O {Quiput/

inte 509 Load Power
Supply
Board)
16 ; Pre-ampiifier AMPL: 10 R143 Repeaal steps
Zera {Output! 15 and 16
Power I onee.
: i ; Supply H
! i Board)
i | . - L.
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Table 5-4. Calibration Procedure {Continued)
Desired
Step Check Tester Cal Point Pregram Adjust Results Rermarks

17 | Trigger DM (dc mode) FUNC QUT RESET R17 : 0 +0.008Y
Baseline Front Panel, MOGE (Main): 1 | {Frequency
Zarg inte 5002 Load Board)

18 | DG Voltage RESET R2¥3 +4 0004V 50 Load
leved QFFSET; 4 {Outputf required

AMPL: D Power
FUMNC:4 Supply
Board}
i |
19 | voltage Level OFFSET: — 4 R279 Split Error After compla-
i Balance ; betweaen tion of thig
I i positive and step, repeat
negative step 18 once.
offset.

20 | verify Nega- Ma =4V = 004¥de | |f desired
tive DC Voli- Adjustments results are nat
age Level achigved,

repeat steps
18, 189 and 20

21 Sine Wave OVM fac mode, . FUNC OUT RESET R4 3.535 ¥Yrms 10N pp

Amplitude Tue rms) . Terminate into FREQ: 5E3 {Cutput! * 0.01 Yrms Sine Wave
i 50Q load. AMPL: 10 Power
Supply
Beard)

22 | Triangle DVM [de mode) FUNGC: 1 Ra& o0 =z 10 my R8E6 adjusts

Batance FREQ: 1E3 {Qutput! offset.
; Pauver
L Supply
i Board)
23 ETriangIe Peaks | Oscilloscope R87 Adjust for
: {Outputf sharp peaks.
Fawer
Supply
Board)
24 [ Triangle Oscillostope with R Triangle Triangle is
Amplitude 7A13 Plug-in (Quiputf 10 Vp-p 10 Vp-p
Power + 20 my
Supply
Board)
25 | Triangle Oifset . Dyt {de mode) Varify, OV £ 110mY 1 ASS iz
: Adjust R86 adjusted
if noct correct ¢ repeal steps
22 through 24,
26 Ramp 5 DVM {ac mode) . FUNG: 3 Verify 2.94 Vrms IT eondilion
Ampliiude i + 40 my cannct be
i met, repeat
steps 22
I through 25.
27 Bamp Offser DVM {dc mode) ‘ Verify 0 +£0.2vy

5-9
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Table 5-4. Calibration Procedure (Continued)
Desired
Step Check Tester Cal Point Program Adjust Results Remarks
28 1 Square Wawve O [de mode) FLING QT FUNC: 2 R115 -5 +0MV A0 mHz,
Negative Peak Terminate into FREQ: .05 (Outputs 10 Vpp
509 |oad. Power sguare wave.
Supply
Board)
29 | Square Wave R121 +5 2001
Fasitive Peak (Cutput!
Powar
Suppty
Board)
30 | AM Oifset DVM {de mode} RESET. REE OV =50 my
{Modulated) and function FUNC: 5 Amplitude
generator. Function AMPL; 10 Vp-p (Outputf
genegrator output FREQ: 1E5 Power
1 kHz approx. Supply
5 Vp-p {offset Board)
<+ 5 my), con-
nected to AM IN
© BNG.
il AM Balance Oscilloscope REt Symmetrical
{Cutput/ Modulation
Power Erveiope. See
Supply figure 5-2.
Board)
32 | AM Amplitude | DVM (ac mode). FREQ: SEZ ! R55 1.768 Vrms
Rarmove 1kHz + 10 m¥
*osing from Ak N
33 AM Offset DV¥M [dc mode) KNane v = 110 my | If condition
{Unmodulated) cannol be
mel, repeat
steps 30
through 32.
34 | Wave Sampling Scope FUNG OUT RESET. i R2Y2 50 + 1% duty ; Adjust R292
Symmetry Terminate with MODE (Sweepy | {Frequency cycle for 50% sym.
X5, 0% 3 Board) at 1 MHz priot
Attenuatar. START FREQ: to pressing
1E6 MAN TRIG in
5TOR FREQ: shep 35
SOEG
TIME: 20t
FUNC: 2
AMPL: 8Vpp
35 AN TRIG Mo adjust- i 50 £ 10% Generator is
ment o duty cycle sweeping 1 to
50 MHz.
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Table 5-4. Calibration Procedure {Continued)
1 |
I Desired
Step Check Tester Cal Point Program Adjust Results Remarks
36 | Wave Sampling Scaope FUNC OUT MAN TRIG 201 | 0% + 5% Generator fre-
Syrmimetry Terminate with duty cycle quency is al
X5, bR S0 MMz, After
Altenuzior. completing
this step,
repeai sieps
32 through 32
ance.
a7 Square Wave RESET. Co8, R198 Rize!Fall time
Rise/Fail Tima FREQ: BEB {Outputf =10 ns.
and Abearra- FUNGC: 2 Power Aberrations
tiors AMPLITUDE: Supply 5% of peak
28 Vpp Supply ta peak volt-
Board} age. See figure
5-3.
35 ! Sine DVM {dc mode) TP& and TR2 RESET. R224 +11Y
Amplitude 1Gnd) {Frequency +1.5 Vde
Temperatura (Frecuency Board)
Compensztion Board)
39 Frequency DVM {de mode, FUNG QUT FREQ: BE3 Use tord ,ov 2 mV Mote Reler-
Response 200 mV full scale Terminate with AMPL: 8VEp kay 10 adjust ence Level
range} with Peak a X5, 506 LSE of
Detector. Sel up as | Atienuatar con- amplitude.
shown in figure nector to Peak
Sed, De'ectar.
40 FREGQ: S01E3 H229 Reading in
: (Frequency ° step 40 *2mY
i Board} :
| i _]
41 FREC: 42. 56 § C49 [Qutput! Reading in
Fower siep 40
Supply + 10 m¥
Board)
42 FREQ. 500 E3 Mone Reading in If bad, refer to
step 40 table 8-5.
+ 30 mv
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Figure 5.1. Width Figure 5-2. Symmetrical Modulation Envelope
ABERRATIONS
t

PRESHOOT

UPPERLEVEL

AMPLITUDE

NOTE: THIS EXAMPLE IS EXAGGERATED FOR ILLUSTRATION PURPOSES.

Figure 5-3. Abaerrations

MODEL 178

I

FUNC

QuUT

5002
x5

+ o+ DIGITAL
PEAK VOLTMETER
DETECTOR |- — (DG MODE

L 200 mV RANGE

NOTE: DO NOT CONNECT SHIELDS TO GROUNG.

Figure 5-4. Frequency Response Test Setup




6.1 FACTORY REPAIR

Wavetek maintains a factory repair depariment for those
customers not possessing the necessary personnet 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 problern 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, conneciors or PG beards.

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 troubleshocting functional paris, and timing diagrams
ior several key digital sections.

If you suspect microprocessscr of programming
problems internai to the 178, we recommendthe instru-
ment be returned to the factory, since software and
certaindigitatinformation are notincluded in this guide.

Table 6-1. General Output Problems

Table Title
B-3 - waveform Problems
8-4 i Amplitude Problems
6-5 Amplitude Besponse Problems
6-6 DC Offset Problems
G-7 Frequency Problems

ManualsPlus

~ SECTION
TROUBLESHOOTING

Table 6-2. Voltage and Waveform Tables

Table Title

&-8 + 15V Reguiator

G-9 - 15V Regulaior

6-10 + 5Y Reguiator

6-11 + 5V |solated Regulator

6-12 + 44V |solated regulator
6-13 © Triangle Converter

6-14 AM Circuit

6-15 Sync and Sguare Wave Shaper
6-18 Preamplifier

6-17 Binary Atienuator

6-18 Power Amplifier

6-19 Cutput Attenuator

6-20 DC Offset

8-21 Function Control Logic

622 Low Frequency Mixer

B-23 Freguency Reference

5-24 Synthesizer Phase Lock Loop
6-25 Delay Generator

6-26 High Frequency Spurious

Compensation

6-27 Mixer and Bufter Amplifier
6-28 Divide By 100 Counters

G629 Trigger Slope and Source Control

Logic
6-30 VCO

6.3 STARTING

When confronted with 4 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 informationin conjunctionwith
circuit descriptions (section 4}, schematics (section 7},
and figure 4-1 should be useful in determining mast field
problems.

6-1
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6.4 TROUBLESHOOTING INDIVIDUAL
COMPONENTS

6.4.1 Transistor

1. A transistor is -deiective if more than one volt is
measured across iis 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
500mY forward voltage (or reversed biag), 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 resisiors).

5. In a transistor gifferential pair {common emitier
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 ane volt (typically 0.7 voit) forward
vollage across it.

6.4.3 Operational Amplifier

1. The "4+" and " —"" inputs of an operational
amplifier will have less than 15 mV voltage dif-
ference when operating under normal condi-
tions.

2. When the autput of the ampiifier is connected fo
the " — " input (voltage follower connection), the

6-2
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output should be the same voltage as the *+ 7
input voltage; otherwise, the operational
amplifier is defective,

3. It 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.

5.4.4 FET Transistor

1. No gate current should be drawn by the gate of
an FET transistor. |f s0, 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 scurce voltage is
more negative than gate voltage for a 2ZN5462.
Gtherwise, the FET is defective.

3. If 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 zerg 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
pbserving the resulting effect.

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

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

2. The input must show the same Iwo levels as in
step 1. If the levels are between +0.8Y and
+ 2.0V, the connection to the driving circuit out-
put ig open.
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Table 6-3. Waveform Problems

Problem

Probable Cause

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

Problem is in the preamp, Dinary
atienuator, power amplifier or output
attenuator,

2 Square waveform
problem only. SYNC
OUT is normal.

Problem is in square wave shaper
circuit.

Solution

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.

Check sync and square wave shaper U7,
Q17, CR15, CR16, UZ21 and associated
circuitry (0103-00-0752 sheet 2). See table
e-15.

3. No square waveform
and SYNGC OUT at all
frequencies.

1. Square wave cable is not properly
connecied or square wave amplifier
136 problem (see problem 9.

2. Square wave level detector is mal-
functioning.

4, No squara waveform

for frequency <500 kHz.

Square divide-by-100 counter
problem.

1. Check connector J10 on freguency
board (0103-00-094%9 sheet 2}.

¢ 2. Check level shifting circuitry U117,
©Q37,J38, U337, and associated circuitry

{0103-00-0949 sheet 7). See table 6-27.

Check U27, U21, U20, U23, U1t, U1S, UB

{0103-00-0949 sheet 1), See table 6-28.

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

1. High frequency sine wave cable is
net properly connected.

2. 5ine wave filter and switch
problem.

1. Check connector and cable at J8. near
mixer butfer amplifier {0103-00-0949 sheet
7).

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

6. Nao sine wave {or fre-
quency <500 kMz. Also
no triangle wave.

Program frequency to 100 kHz, Check
for 1 MKz signal at E6 and 1.1 MHz at
E8 (0103-00-0752 sheet 1). EB
originates at J12 from U4 (0103-00-
0945 sheet 1),

1. 1fno1 MHz 100 MHz — 100
counter problem.

2.if 1.1 MHz, variable frequency
+ 100 counter problem.

3. If otherwise, low frequency (LF}

- mixer problem.

1. Check 1 MHz delay circuit {0103-00-
0849 sheet 1). If no outpui, 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
{0103-00-0849 sheei 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 8-27.

7. Triangle wave
problem.

Triangie converter circuit.

Check triangle converter U8, US (0103-00-

0752 shest 2). See table 8-13.
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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 shaet 2). See table 6-14.

it ot
Pul
splay.

O Waornafoarm
L e dwTONd

not agree with di

e
(S

WAoo HE,

mobo e
VY BYEITNM semectioy

problem.

. L
L

[PEETE . R — 1
I0gic ang switch

Check funciion control iogic and switches
{0103-00-0752 sheet 2) according to table
B8-21.

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 2).

11. Ramp waveform
retrace deoes not

~eaincide with peak
voltage.

Square wave synchronization lagic
malfunction.

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

Figure 6-4. Ampiitude Problems

Problem

Probable Cause

Solution

1. Amplitude range not
accurate.

Resistor network in output attenuator
is defective.

Check for defect, shart 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-
i ator is malfunctioning.

Check K4-K10 and the control logic {table

8-18). Check it C110 is shorted.

3. Amplitude accuracy
and resotution problem.

1. Binary attenuator problem.

2. Shorted capacitor,

1. Check switch logic (tabie 6-17). Pro-
gram amplitude to 0.00V and check
R152-R157, R159, R160, R162, R163,
R185 R167, R188, R170, R352-R356 with
chm 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 QB
{0103-00-0752 zheet 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)

T
|
|
|
T
i

1. Qutput amptifier problem.

| C110, C97, C98, R241. See lable 6-18,

Check for open capacitor in the power
armplifier (0103-00-0752 sheet 3),
especially C85-C90. Check for defective

6-4




Table 68-5. Amplitude Respnse Problems {Continued)
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Problem

Probable Cause

Solution

1. Excess rallofi at
50 MHz, both sine
sguare waves.
{continued)

2. Preamplifier problem.

3. Defective filter componants.

4 Defective mixer bulfer 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, C135C138 (0103-00-0949
sheet 7).

Check for defective capacitors in the but-
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-LE,
C22-525 (0103-00-0752 sheet 1). Nolch
filter Q7 (0103-00-0752 sheael 1) should not
be on except when ramp wavetorm is

Figure 6-6. DC Offset Problems

setected.

Problem

Probable Cause

Solafion

1. Ouiput offset is nol

zero whean 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 U110, R143 and the

associated circuit (0103-00-0752 sheet 2).
See table 6-16.

2. Check for defective U27, U28, U239 and
U30 {0103-00-0752 shest 3). Check also
the control logic U25, U286 and U27. See
lable 6-20.

3. Check for correct dc bias voltage (lable
6-18 and 0103-00-0752 sheet 3).

quency >500 kHz.

3. Offset gain and resolu-

2. Qutput offset for fre-

C141 is defective.

: DC offset circuit is malfunctioning.

Replace C141 (0103-00-0949 sheet 7).,

Check for defective U27, U28, )29 and

Problem

Probable Cause

tion problem. control logic {0103-00-0752 sheet 3). See
table 6-20.
Table 6-7. Frequency Problems
Solution

1. Quiput frequency
locks up.

1. Frequency reference generator
problem if 500 kHz signal is not sent
to Ut10-13.

2. Synthesizer phase lock loop is
malfunctioning.

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 Probiems (Continued)

Problem

Praobable Cause

Solution

2. Quiput frequency
locks up to =50 MHz
if >500 kHz is
programmed.

1. Frequency at U108 <500 kHz.

09-12 <+3.9V. U109-4 does not

& C

1

2.
ou
3. U111-3 is not +3.9v. U111-6 >0V,

4. U114-6 voltage is different than
J114-3.

1. Check for defective programmabie
+N counter and control logic.

2. Check for defective U109,

3. Check far 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
LD,

3. VCO is not running if signal is not
seen at U33-4 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.

8. Mixer/buffer amplifier is
malfunctioning.

1. Check 15V and +58V 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
trouhleshoot the VCO (see VCO sche-
matic and tahle 6-30).

4. Check reference buffer amplifier or
100 MHz filter {table 8-27 and Frequency
Board schematic sheet 7).

5. Check VCO and T1 {Freguency Board
schematic sheet 7).

6. See table 6-27 and Frequency Board
schematic sheet 7.

Table 6-8. +15V Regulator Troublesheoting Information
(Ref: Output/Power Supply Scheratic Sheet 4)

Test Point

Observation

Q36-C
Voltage across R295
CR39, zener voltage
U336
Q38C
Q398
Q39

R307

B

o

+06V.
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 s overicaded.
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Table 6-9. —15V Regulator Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 4)

Test Point l Observation

Q43C —18to0 — 23 Vdo, with 100 mVp-p signal.

Voltage across R302 -0.8v.

U34-3 , 0 Vde,

U344 — 15V £20 mV normally referenced to and tracks with + 15V supply.
J34-6 — 38V

Q41-C —17V.

44-B —15.5V.

Q38 Normally off, on if — 15V is overicaded.

Table 6-10. +5V Regulator Troubleshooting Information
{(Ref: Quiput/Power Supply Schematic Sheet 4)

Test Point ‘ Observation

Q45-E + 710 + 11 Vde with 1 Vp-p signal.
L35-6, Q46-B + 0.6 Vdc.

U353, 2 + 5.2 Vdc,

Voltage across R313, R314 + 0.2 Vdc.

Q51, U36 + 5V overvoltage protection,

Table 6-11. +5V isolated Regulater Troubleshooting Information
(Ref: Output/Power Supply Schematic Sheet 4}

Test Point Observation
VR1-1 + 7 to + 11 Vde with 800 mVac relative 1o programming ground ey .
VR1-3 " +4751t0 +5.25 Vde from programming ground &

6-7
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Table 6-12. +44V Isolated Regulator Troubleshooting Information
{Ref: Output/Power Supply Schematic Sheet 4}

Test Point } Observation
Q49C 450510 +51 Vde.
Q50C ‘ + 47 Vde.
Q50-E | + 11 Vde.
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 RE& 1 kHz sine, 1.2 Vp-p.
ug-6 1 kHz triangle, 2.5 Vp-p.
ug2, 3 oV =40 mv.
Je-4 500 myp-p. distorted sine.
U138 <0.8V (K3 on).
U136 + 5V {KZ off}.
Table 6-14. AM Circuit Troubleshooting Information
{Ref: Qutput/Power Supply Schematic Sheet 2}
Test Condition: Set generator output to 1 kHz, AM sina.
Test Point Observation
R53, Q9B 1 kHz sine, 1.2 Vp-p.
uzi1-8, 3 + 15V, FET switches on.
L2111 — 5Y, FET switches off { + 15V, FET switches on if frequency >500 kHz}.
u17-12 — BV, negative supply from CR23 (A3).
UG-10 — Q7Y
uUs-8 - 0.7V,
ue-2, 3 — 5 Vde.
UB-5 — 9.8 vVde.
ue-1, 4 - 4.3 Vdc.
Ue-6 + 5.2 Vde swith 600 mvp-p sine.
Us-12 0 Vde, into preamp summing junction.
Qi1E, Q12-L 5.7 Vdo with 600 mVp-p sine.
Q10-E , +0.7 vde,
Qs-E + 0.7 ¥dc with 1.2 Vp-p sine.
Junction CR10 and R&4 + 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. 3 |1 kHz square, ECL level. (ECL Level: High = 4.2V Low = 3.5V}
Uz21-14 + 15V, FET switch on. — 5V if square not selected.
a14-C, Q150 0to + 4V square (no external load).
U7-12. 13 1 kHz square ECL, DC if square not selected.
Q16C 2 Vop, 1 kHz sguare.
U21-13 110 mVp-p square.
Sync ¢ (near U7) —5Vif +1Vppisselected +45Vif —1Vppis selected.

Table 6-16. Preamp Troubleshooting Information
{Ref: Qutput/Power Supply Schematic Sheet 2}

Test Condition: Set generator output 1o 1 kHz sine waveform.

Test Point | Observation

Junction of R140 and R141 3.5 Vp-p sine, OV offset (preamp output).
Junction of 53 and C62 OV, (ampilifier summing junction).

U188 + 15V, otherwise U18 defective.

i8-8 3.5 Vp-p sine, OV offset.

U10-2 +1.2V.

Q188 +8.5V.

o19-B —B6.5V.

R134 | 3.6 Vp-p sine, OV offset for dc biasing.
10, R143 For dc biasing.

CE8, C62, CA5, CEE Excess rolloff at high frequency it open.
Ce3, C64 .- Square wave peaking if open.
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Table 6-17. Binary Attenuator Troubleshooting Information
{Ref: Qutput/Power Supply Schematic Sheet 2)

Test Condition: Set output amplitude t6 5.12 Vpp.

Test Point Observation

U15-1 +15V.

U152, 14 — 5V,

Uts-2, 13,1, 14 —BvY.

Utz-2, 13,1, 14 —5V.

J18-1 3.5 Vp-p sine.

U1g-16, 9 V.

U198, 156, 1 ov.

U20-16, 1,9, 8 ov.

NOTE

By using a similar procedure, sef output amplitude fo 2.56 Vp-o or 1.28 Vo, In this condition. only 1118-16 or LU18-8
wilf show a sine waveform. To check the lower order bits, set oufput amplitude to 1.27 Vop and check for a sine
cutout from U18-8 to U20-8. The gate voltage at each transistor (SDH000) should be either — 5V or + 18V, If the
voftages are not present, generally it indicates that the gate of the transistor is damaged and the fransistor should
be replaced. The SD5000 transistor Is susceptible o static damage.

Table 5-18. Power Amplifier Troubleshooting Information
{Ref: OQuiput/Power Supply Schematic Sheet 3)

Test Condition: Set generator output to 5 Vp-p, 1 kHz sine, OV offset inte 50Q load.

Test Point Observation
FUNC QUT and R241 5 Vp-p sing and OV offset.
Junction C85 and C88 0OV, summing junction.
Uzs-6 OV, because offset is set to OV
Q22-B + 6 Vdc,
Q23-8 - B Vidc.
Q25-B, Q28-E 1.7 Vp-p with + 1.5 Vdc.
Q26-B, Q23-E 1.7 Vp-p with — 1.5 Vdc,
Q24-B + 11 Vde.
Q278 . — 11 vde.
Q30-E, Q32E i +124vVde
Q31-£, Q33-F —12.4 Vdeo.
U2z-2 1.6 Vde.
U22-3 + 6 Vdc.
U22-10, 13 + 8 Vdc.
Ca1 thru C84, ©99, and R212 Amplitude flatness problem if defactive.
C203. C204, C110, C97 Amplifier unstable if defective.
Most other capaciors Siow riseffall time if defective,
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Table 6-19. Qutput Attenuator Troubleshooting Information
{Ref: Output/Power Supply Schematic Sheet 3)

Relays (1 =0n, 0 = Off)
K10 K4 K5 K6 K7 K8 K9
~|Pin No. of U31 {1 =High, 0= Low)
Amplitude Int
Range Qutput|Load | 16 2 12 15 5 6 9
1.00 10 10.00 mV A 0 D 1 o 0 1
101 10 100.0 mV X o 0 1 0 1 0
100.1 to 1000 mV IN X 4] 1 o . 0 1 0
ON
1.01 101000V X 1 0 O 1 0 1
10.02 10 2000 V ouY X 1 9] 0 1 0 0
501 to Gnd IN X 0 8] 1 1 0 0
. CFF
Open Circuit ouT X 0 0 1 4] 0 0
Front Qutput 0 X X X X X X
Rear Qutput 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 +38 +38
+1.28V 12 +2 +2
+0.684V 11 +1 +1
+0.48Y 10, 9 +0.7 +0.7
+0.155V 8,7, 6,5, 4 +0.2 +0.2
v None 0 0
- 2.56V 12,13 +3.8 —-38
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Table 6-21. Function Control Logic Troubleshooting Information
Cutput/Power Supply Board Freguency Board Schematic
Schematic Sheet 2 Sheet 1 Sheet 2
Pin No. of U114 Pin No.
of
12 215 5 9 & us
. PinNo.otU21 | | b No. of U6 (ECL
1 b 4 3 ¥ £ .
Levels: High =4.2V,
Ralay (1=0n 0= 0ff) Low =3.5V)
Waveform Frequency K1 K2 K3 K1 52 3 14 9
Sine »500kHz| 0 0 0 0 0 1 O 0 1 1 0 bc L L
<500kHz| 0 0 0 1 0 ¢ O 00 0 1 7L DC "L
Triangle =500kHz | 0 0 0 © 1 0 O 0 0 o 1 L Dc 'L
Square »>500kHz | 0 0 1 0 0 0 O 0 1 1 0 bpc 'L L
<500kHz | 0 0 1 0 0 0 © 00 01 T, DC T,
Ramp <20kHz | 0 0 0 0 1 0 O 10 ¢t "L pc "L
DC 0O 0 00O O O 0 0 01 L o "L
AM >500kHz [ 1 0 0 0 0 O 1 0 1 + 0 oc LU
() =500kHz | ¢ 1 0 O Q0 O 1 0 0 0 1 L bC "L

Table 6-22. Low Frequency Mixer Troubleshooting Information (Ref: Qutput/Power Supply Schematic Sheet 1}

Test Condition: Program the instrument to reset condition.

Test Point

Observation

EG at R
Q2-E

Ui

U11, 8
u26, U3-6
ES at CR3
Q3-C, Q4-C

Junction of R32 and R33

Q55
Us-3
Q8-E

Ramp 1 (near Q7)

1 MHz TTL.

1 MHz sine, 1.2 Vp-p.

1.001 MHz TTL.

— 7.5 Vdc.

1.2 Vp-p signal.

1 kHz, 1.2 Vp-p sine.

+ 10V to — 0.5V square.

1 kHz, 500 mVp-p sine.

1 MHz sine, 1 to 1.5 Vp-p.

i MHz, 2 Vpp. /W

1 MHz sine, 1 to 1.5 Vp-p, + 4V Oifset.

< 0.8V if sine or triangle are selected.
> 2V if ramp is selected.
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Table 6-23. Frequency Reference Troubleshooting Informatlon
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(Ref: Reference Beard Schematic)

NOTE: Use X10 probe with short ground ¢lip.

Test Point

QObservation

A. Without EXT REF signal.
Q2C
-5
uz7-8
usg
ug-9
E3 at C38
Ue-1
Q4-8
U4-8, Ua-7
U4-3
Q5-8
Q6-C
B. Apply 10 MHz signal to EXT REF IN.
Us-11
Ug-5
U1-4
uU1-5
uv-a
us-2
U346
uz2-13, 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 pasitive pulise.

50 MHz =800 mVyp-p.

50 MHz ECL. (ECL Level: High=42V Low=3.5)

100 MHz ECL.
100 MHz =250 mVp-p.

100 MHzZ =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 Paint Observation
U110-13 500 kHz ECL reference signal. (ECL Level: High = 4.2V, Low =3.5V}
U934, 5 6,156 110 MHz ECL.
Ja4-2, 3 55 MHz ECL.
Ugs-14 500 kHz, 10 ns negative pulses.
La7-1 Pulses, but always < + 3.9V.
U94-15, 14 500 kHz, 10 ns pulses.

U95-6,11,13, U96-5612,13
U85-5,12 Uss6-11

Ug8B-14, U99-3, 6

Q100

U108-4

U109-12

u111-3, 2

Uti1-6

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 pulse <10 ns.

» + 3.9Y, 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, 025-B 500 kHz, 290 ng complemsaniary pulses.
Q27-B. E 500 kHz puise, see the following timing diagram.
Ut12-2, 3 — 0.8V, amplifier summing junction.
Uu112-6 av.
Q20-E +6.7V.
Q23-E —-8.7V.
Q26-E Triggered ramp waveform,
U113-10, 13 500 kHz pulses.
11316 -8V,
U113-2, 6 500 kHz, 0.7V pulses, + 4.5V oifset.
U102-6 +8.5 Vdo.
1029 0to —1V. {Also see U102-9 under second test condition.)
U107-2 0 vdc.
U107-6 Oto +5V.
Q18D — 8.7V offset. (Also see Q18-D under second test condition.)
U104-2, 3 +8.5V.
Q15-E + 3V approximately.
Q19E - oV,
Q16-5 — 5V approximately.
Q27-E |
G105 ,
— et
Q26-E LN
U113-4 B e N
U113-10 —
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Table 6-25. Delay Generator Troubleshooting Information (Continued)

Test Condition: Program generator to 1.005 MHz

Tast Point Observation

102-9 N\J\ I 600 mV ramp signal.

Q18-D — 8.7 Vec approximately.

* Use Tektronics x 10 scope probe, PBO75SA, and a short ground lead o examine
this signal. Synchronize scope to TP1 (anode side at CR21) Ref: Frequency Board
Schematic sheet 5, coordinates AS.

Table 6-26. High Frequency Compensation Circuit Troubleshooting Information
{Ref: Frequency Board Schematic Sheet 6)

Test Conditions: Sweep Start Frequency 500 kHz.
Sweep Siop Frequency 50 MHz,
Sweep Mode Continuous.
Sweep Time .02 sec

Test Paint Ohservation
SWP OUT ﬂ _
P~
! 1 -
U105-10, 8 T
U105-14 _Mf/}\__
S I —
Q13-D 4

NOTE: The siope of segments a and b of Q13-0 are adjustable independently by adjusting the pots R144 and R151.

o
-k
L4 ]
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Table 6-27. Mixer and Butfer 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.
Utts-14 15 100 MHz, ECL.
Q31-E +7.5V.
Q33C 100 MHz, 400 mVp-p.

J17-3 (On VCO Beard)
Junction of L6 and €138
Q34-E, Q35-E, Q36E
Q39C

Q40-C

Q41-C

U117-8

U116-6
Q37-C, Q38C
U372, 14,15

Q29-C

101 MHz, & 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 Vde (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, PE0O7HA, and a short ground lead to examine these high freguency signals.
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Table 6-28.
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Divide-by-100 Counters Troubleshooting Inicrmation

{Ref: Frequency Board Schematic Sheets 1 and 2)

Test Condition: Program generator frequency to 200 kHz, continuous.

Test Point

Observatlon

yzs-7, U32-2
U29-15, U30-3, 14
U252, 14, U24.2, 3
U118-2, U18-10, 8
U1-5,6,. 8,9
U3t-7, 3

U3z-15, U333, 14

{26-2, 14, U24-14, 15

100 MHz, ECL. {(ECL Level: High=4.2V, Low=3.5V}

20 MHz, £CL, unsymmetrical.
4 MHz, ECL, unsymmetrical.
4 MHz, TTL.

1 MHz, TTL, symmetrical.
120 MHz, ECL.

24 MHz, ECL, unsymmetrical.

4.8 MHz, ECL, unsymmetrical.

LU118-7, U3-3 4.8 MHz, TTL.
UsE 6,89 1.2 MHz, TTL, symmefrical.
LU4-5 1.2 MHz, TTL.
Uig1, 2 1 MHz.
y18-3 2 MHz.
U3s4 2 MHz, adjustable pulse width by 817,
J34-5 1 MMz, TTL, symmetrical,
Test Conditions: Generator frequency 200 kHz, trigger mode without triggering signal.
U289, 6, U29-2 < +3.9V.
uz28-7, U3z-2 > 4+ 3.8V,

U29, U30, U25, U18
U3i-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 =35V}
20 MHz, ECL.

4 MHz, ECL.

4 MHz, TTL.

1 MHz, TTL.

1 MHz.
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Table $-29. Trigger Slope and Trigger Source Control Logic Troubleshooting Informatlon
(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

Uus-16
u7-2
u7-3

Us-18
u7-2
U7-3

Us19
U162
u15-8
U166
u1g-12
ug-12

U518
U168
U16-8
Us-12
U166
U16-12

L
L
Invert of Ug-13

H
H
Same phase as US-13

A TrTITrre

rigger Signal

Ir I T

Internal trigger signal
Internal trigger signal

NOTE. See also Figure 4-12 for trigger mode timing diagram.

Table 6-30.

VCO Troubleshooting Infermation
(Ref: VCO Board Schematic)

Test Condition: Program 10 MHz sine wave. Use high impedance probe with short ground lead.

Problem

Probable Cause

Solution

1. Mo waveform at P17-2, 3
{VCO oputput)

2. No sine wave at Q2-C.

3. No sine wave at Q2-B.

4. VGO frequency unstable,

Froblem 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.

Problern may be caused by L2.

Check VCO pins at P16
and P17 for proper connection,

Check for 2 ¥p-p sine wave signal
and —7 vdc offset at Q2-B, Check
L5 for open ¢oil,

Check for 4 Vp-p sine wave at
the junction of RS and C10 and
—8 Vde at G1-G, G1 may be bad
otherwise check for shorted
varactor diodes CR1 through CRE,
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 arrangernent shown below.

7.2 ERRATA

Under Wavetek's product improvementi program, the
latest electronic designs and circuits are incorporated
into each Wavetek instrument as guickly as development
and testing permit, Because of the time needed ta com-
pose and printinstruction manuals, itis not always poss|-
ble to include ihe most recent changes in the initial
printing. Whenever this occurs, errata pages are
prepared 1o summarize the changes made and are
inserted in the shipping carton with this manual. If no
such pages exisi, 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 Paris List

VCO Schematic
VCO Assembly
VCO Paris List

Freguency Generator Schemaltic
Freguancy Generator Assembly
Frequency Generator Parts List

OutputiPower Supply Schematic
Qutput/Power Supply Assembly
Quiput/Power Supply Parts List

Rear Panel Schermatic
Rear Panel Assembly
Rear Panel Parts List

GP'B Decoder Assemibly and Partes List

ManualsPlus.com

SECTION
PARTS AND SCHEMATICS

7.3 ORDERING PARTS

When ordering spare parts, please specify part number,
circuit relerence, 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 eiched into a PC board is the
board part number. The assembly (PC board
and compoanemts 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

1104-00-3327
1101-00-3387
1100-00-3397

0103-00-0752
1100-00-0752
1100-00-0752

0103-00-0812
0102-00-0814
1101-00-0814

0101-00-08B65
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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

ManualsPlus.com

DRAWING NUMBER

0102-00-0892
1101-00-0892

0102-00-0812
1101-00-0812

0002-00-0169
(103-00-0822
1100-00-0822
1100-00-0822
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REFEREMCE DESIoNATORS PART DESCRIPTIOM ] C-MFGR—FART-NO MFOR WAVETEK Nt BTYSPT REFERENCE DESTONATORS PART DESGRIPTION DRI CR=PART-NQ MFOR WAVETER MO, aTrirT REFERENCE DESICHATORG PART DESCRIPTION OR [Q=MF Git—F i T-NO HPOR HAVETEK, NO. aTY/PT
NOME ASEY DRWG. DUTPUT/P. 8 | 0101-00-0F52 WTH Di01-Oo=0732 |1 NONE: INGULATOR  HICA &A-21-023- 104 ABHYL (3100000008 |9 NONE ASSY DRWQ. OUTPUT/F. 8 | D10I-DG-0752 HYTK 0101-00-0¥52 {1 D
NOME: SCHEMATEIC, GUTPUT/P. 8 | 0103—C0~0732 WK C103-00-G782 |1 RIF REG. MF: 1/B4; 1X, 200 RNISD-2000F TRM A701=03-2000 |1 MONE BCHEMATIC, UTPUT/R_E | 0109000732 WYTH, 0L05=00-—0792 |1
NOHE ASEY, WIRE 178~0920 1782602 WYTK 1207-00-2602 |t R3E2 RIS RES, PF. L/GM, 1%, 4. 02K | RNSX-a035F TRE 4701-03-4021 |2 HONE PC BD: PREFFED {768-1307 HYTH 1206-00-1509 |1
17e0782 .
NGhE KIT.FPRE WAVE LOAD i 17E-1308 VTR, 1208-0G-1308 (1 R1A% RES, MF, 1780, 1%, £ 12K |RN3ID-4121F TRY l4701-0m-a121 |1 !
1790752 \ CI10T C200 GBI C%7T GAP, CER 031 1-00018 Wy 1500-00-5011 |4 |
¢ A3%e RES, W, 1,80, 1%, 51. 1 RNTSD-5 IR 15 TRM A7D1-03-8119 |1 DISH. 3FF, 1RV, 10% i
HONE HEATSINK, MOD t b6-EETST HYFK 1400-00-887% |1 | |
FROM: 2800=11-0011 | RIss WE, FF, 17680, 1%, 7. C94 | RNSSD=q09 1k TR 4701-03-50%] 1 Giza CAP, CER. 10PF. 1KV DT 100 CAL 1500-01-0041 1 |
NOHE BHIELD FARTITION 176-0201 WYTK 1300-01-0201 |2 RI13 RAL4 RES: WM, 100 %, . I OHH [ HMIC— j oM 3% DaLE AFO2=7F=001% |2 CIB C203 C204 C&7 L&D CAP. CER, J00FF. [KY o101 CRL 1200-01-8111 (= i
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REF: 3200~02=-0004 ' ] €208 c26 cal '
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NONE FERRITE ZEAD 36-500-48/ 39 FERRY  (3100-00-0001 |4
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REFERENCE DEEIRBMATIRG FPART DEECRIFTIOCN DRIG—MFGR-PART-NG MEER WAVETEK HO. ATYS/PT REFEREMCE DESICUATORS FART DESCRIFTION DR I MFER—PART - N "MFGR HWAVETER MO, aTY/PT ° REFEREMCE DESICNATORS FART DESCRIPTION OR 13— OR=-FART-NG TR CHAVETEK MO GTY/FT
€13 L5 CAF. MICA, J30PF, P00V DM13-3314 ARCD 1500-15-3100 |2 K1 K2 B3 KD K& KT KA ke {RELAY . REED. FORM-A HESD1a=8123 HAMLN | 4500-00-~-0a07 |8 N -TE) RES, MF, 1/0W, 1%, 20K RHSSD-2002F TR 4701 -03-2002 1 D
' I H
| H .
12 G208 1CAF . MICA 43PF - 300V D1 2—4304 HRCT | 1300~ 14=3000 2 K10 kg RELAY. REED. FORM-C RAZ0S57 OS] {ETROL ABO-00—DG03 = RO F21&4 RIZ] RZ22 R229 !REE. MFE LB 1K 21 RHSSO-21RSF TR A701-03-215% |33
i Az24 R225 RZBh RI27 RIES
€7 .7 CAF. MICA. 47PF, SO0V D1 8=d¥0y ARCT 1800=14=7000 2 R271 R41 RB& FOT. TOF TRIM 207, 100% | SEWR1D30 BECK A= =000 | el RZ33 RZA4 R2Z3T R236 R237
i Rel8 R227 R240 R331 R339
€240 CAP. MIGA 470PF. SO0V DMLB-471) HRET Ilm—z+—71w 1 . RETR :POT. TOF TRIM., 20T, 10K | 4BWE1CK BEEK 4a0%9-90-0002 (1 R&S RE4 RFS
L= ) JCAP MIGA BEPF, SO0V D1 E-5A0H) ARCT ilm—ta-sooo i R115 R3DT R4 R53F Rél ;POT, TOP TRIM: 20T 1K SOR 1K BECK DR~ MO0T 3 ! R34 RES: MF. 1784, 1%, 2. 21K .EN55D—2=11F TRW aF—03-32t1 i
a1l c8 'CAR, MICH: B&OPF. 300V DML S=DeiJ ARCT 18001 E=a T 00 2 R143 Ri74 RI73 R&E RTL POT. TOP TRIM. 20T, 100 | &BWR100 BECK AEQF—0-0017 £ RiZ22 R12A R13T R142 R13% ARS 1. [ 754, 1R, 247 RHSSD-2490F TRH RFC1—03-2470 -3
. R2&0 R261 RIF7 .
Lo Ca 25 CAF, MICA: 520PF, 300V LD S=&21F 1CDE 1300~ 15-210¢ |3 R273 REV POT, TOP TRIM 207,200 |&SWR200 BECK S80F-00-0020 |2 |
1% Ri20 RIS R1&S R1B R2T? AQ¥  RES WP, 178M, LK. 2. 49K | RMSSD-2a91F TR 4FDI-03-24F1 |8
. 121 POT. 20T. TOF TRIM: SO0 BECK AL 003 1 REF RT3 )
48 ChF . MICRe AZFF, 500V i1 9-820.) ARCD L IBOD-IR-2000 (1 500 JHA .
R1¥2 REET Rad RES. MF, 1/B: 1X, 274 RNSSD-ZTAOF Th 4701002740 < }
€167 C10g Clil €143 L1702 LA, ELECT. 100MF, 358 MRE1DIMISVION1ID & NI i900-31-¢i0E (A& R3lG R3I1TF REE: C, 172, Tk 10 RC=1/2=10J0 STWPL  4700-23-0100 2
G173 C93 o553 AaDIAL LEAD, 5S¢ 20 . R&7 REB. MF, 1/7BU: 1%, 381 RANS3D=5010F TRW A701-03-3010 I S
R2%3 RZ%4 R302 R303 REG, C 1720 3% 1. 8 'RE=1/3—1RE . STRPL ATOD-2T-0189 L3 :
£112 Ci4a C180 CAP, ELECT, 10008F /16V 1500=31=0214 RYTK 1800-31-0211 e ' RilB RZ77T F3 R348 RE RES. MF: 1750, 17, 3. 01K, BNSSD=-301 1F TRH 4701035011 -]
RADIAL LEAD, SF .20 R203 R204 R217 R21H REC, . 1/24, 2%, 27 RE-1/E—T70J STRPL A7O0=2T~CITO &
R79 RBO REE, MF, 1/84, 1%, 30. 1K RHSS[-32012F TRH AT01-03-3018 |2
Ciag Ak, ELECT, 330F, 23 FLR 334RLR025M Ic 1500-23-2002 |1 Ri%2 R123 R154 R155 RES, MF, 1/BH, 1%, 1.5 | RNDDE=1D01B CORMC  [A¥oE-DR=1301 |4 -
RALIAL LEAL: SF _t4 ; R269 RAQ RED RES, 87, 1./0W, 1%, ZOIK RNSSD-3013F TRY AT01=00=-3013 | 3F
Ri Ril RI2¥ R14 R1S2 R30S  |REG. MF. 1784, 1% 100 N0 OO0F . TRW A701-0E- 1000 (11 .
C141 Cl44 C16T L165 CAF, ELECT, 4700MF r 30w CRE BERIEE 470730 CAPAR 1500=-34- 7105 L R3S R¥L R&& RY RAS | . RiGd R1GT RES, WF. L/8M, 12,30, 1 BNSS0=Z0RIF TR ATFOI=(Ka=3019 ]
RADIAL LEAD: SP .30 o
. Ri5E Rlsal R17 R2B A2 RIHL (REE. WF, 1786, 1%, IK RMISD- 1 O0LF TRW 4701 03-1601 i8 | R7O FEE, MF, [/6M, 1%, 732 RM33L-3320F .TRH ATH1-43-3320 1
C134 G136 CAP, ELECT. #7000 7 25V NRSAL TRV 1BK34 HIC 1300347 202 2 RIAS REF1 RZF2 R2%3 RaT8
RADIAL LEAD, 5P _ 20 RICI F317 RX20 RISE RIS4 RIZ} RI24 RLZE RI7Z RI7E RES. MF, 1/B66 1%, 5. 324 RNSSD-33Z1F TRH 4701 =-03=-33F1 7
: RAY R74 REV ®i7é RIG0
Li%8 ClED CAP ELECT 1&6% RADIAL | NRESSIM1&VRENAL MIC 1500=35=2201 3 !
X . ! .. — i I —— 1 c
WAVETEK TITLE ASSEMBLY NO.  yomg am-1mgg REW NABVETER TTLE ATEMELY MD.  oom. me rmne AEV WAVETEK TITLE | ASSEMELY M. yome o6 1908 REV
KRIT, PRE WAVE LOAD [7B-07352 A KIT. PRE WAVE LD&D 178=-0732 ! AF KIT:PRE WAVE LMD I78=-0732 : AF
PARTS LIST PARTS LIST : PARTS LIST
PAOE 3 i PACE 3 | FAQE 7
I . . " . .
REFERENCE TESIGMATORS FART DESCRIPTION DR I G~ ER=P AR T=HO MEGR MAVETEK NO. aTY/PT )| REFERENCE DESIGMATORS FART DESCRIPTION OR I G OR —F AR T=NO WFGR WAVETEK MD. ATy sPT REFERENCE TEDLOMATORS PART DESCRIPTION DRI G=MFGR~FART-NO MFCR MEVETE¥, MO, aTYsPT
—_ . . : 1 . . .
ie .40 ' Risg R104 B2 AZ2 R2E7 R2BF RES: MF. 1/8%. 1% 10K RNTZ50—1002F TRM 4F01=03~1002 5 #79 R7& REE: 1. 1/8W, §%, 33 230 . RNYID-G52H TR '47m~ae-m 2 +
. i
[ CAF. MILAR. . GZOMFLO0V | JD=Rg2awiNLS BPRAR | LB0O0-42-2314 |1 R332 RES, #7. 1 /8, 1T, 100K RNSSD-1003F | TRW PAF-03-1002 |1 R10% R110 R111 RiZa R312 RER.MF. 1790, [5.23.2 ' RMISD-32R2F TRW 2701035529
H : . ' F3I3 RILL h H
Lo C98 CAp VAR CER 3. 2/13FF TS-TRIKD-02 2. 3/ L5PF{0( THIKD !IS-DO—&I—GOOO 2 - R133 R140 RIA1 RIRQY R2I0 ‘REG MF. 1 /898 1%, 10 SRAZEDLIOR 100F WEPCO AT01-03- 1007 13 .
140% REF: 108, 0130 . RZ31 RI3T M2B2 RIGI k24 - 333 R34 RES. ME, {/BW. L%, 3 &%l | ANBAD-36T1F TEH 470103331 |2
R289 RE9 Rad
£as . CAP. VAR, 7=39FF 230V TE-TRIKO-02 7/05PF (DBS| TRIMD  1300-83-5000 1 Rd& RES: WF, 1784, 1%, 3. 74K RMZOD--3F4AF TRM ATE1—03-37 41 i
: RiGl RI4T R30 RSD R71 RES: WF. 1/06, EX, 1. 21K RMSSD=1211F TR a701-Q2-135L | %
CLAl CAP., TANT. 1MF. 350 1500108 LPORAD SPRAS 1800=71=0502 1 : RI3Z RIST RY RES, MF, 1/8W, 1%, 392 RANSSD-GPR0F TR 4701033920 3
R2%7 R30O RES. WF, 1/8W. 13, 12 1% | RNBSD-=1212F TRW A701-09-1212 |2
C1la4k Ci%3 Q157 CA76 G177 CAP, TaNT., 20F. 20V | 2C2ASDOPI2sMI TS 1900=72=262 1 & RE3 R&Q R&T REBG. ME: 1/80W: 1%, 4. D24 RNSSD=-4021F TRM ATQL—-03-4021 jx }
C1%g RFI3 Wa54 ROl RES, MfF, 1/84- 1%, 124 RNSED—1 240F TR AFG] 03— i240 3
; : a4 RES, M. 1/56, 1%, 484 | RHSSD=A&40F Thi ATH-03-4540 (2
L 2 L3 CHOWE. B2MH, 5% 18ay-72 BLVAN [ 1900-00-0005 |3 i RIZ& RIFS R202 R7T2 R7S RES, MF, 1/G4. 11, 180 RNSSD—1 500F TR AP-03-1300 |3 | B
R3 REG: M. /8% 1% 4. &4 RMEED-&&8 1 F I TRM *701-03—4581 i
LT LS CHIME. . 1BHH, 10% 1028-D2 | WAN 1900--00-00 2 2 RiZ Ri3 RES, #F. L/00, 1%, 1 B BNS5D=15C1F TRw 4701031301 2 )
R10Q RiOQ RIOD R1D4 Rii2 RES, MF. 178, 1%, 497 1 RNSED—-P0F ThW ATL-=03=4P00 17 |
Le INDUCTOR, . 22 MICRO K | 102%—04 DELWN | 1800-00—GO2f |1 R138 R15 R177 Ri78 Ri&Y RES, WF. 1/8W. 1%, 154 RMASD- 15027 TR 4705031802 |12 ! Rii7 R135 R179 RITt RO
. R188 R17 R270 R3IZ RI2 RI3Z - : X Ra74 R2T7 RXE1 R3I%L RAZ R4Y
LiG L4 INDUCTOR 3300 200004 DEL'WN IB00—00—00=2 a Réd R55 _—
L3 L& INDUCTOR. 390MH 230008 CELYH 1 80000003 2 R134 RS9 REE. MF, 1786, 1X: 13 RANEST- L SROF TR T =03~ [ 50T 2 . R1l1& R12% RIJ) Ridd Ria? RES, WF. 1760, 12, & 9% SIS FTIF TRW ATOL—03—49¥L 1w !
R12G B17¢ R174 R194 RLSY RE :
ga J2 CONN: HEADER 1430584~ e 2100-02-007F |2 R7T7 RVE REE. WF. 1/BW, 12, 143 ANSSD- 1 SSOF TRH 4701-03-16%F 2 Rand REFE R2VS B27a RIS
X i F3G? R21 R3=28
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¥ LABEL : CAUTEOM I 1400 HYTK | 1400-01-1400 |1 WABHER, SHOULDER. WHITE |2s28 SHITH |2800-27-0Dboe '@
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11 POLYEETER FILM 1793171 WTK  1400-01-81%] |1 | e FLQ BUTTON SEATFDE-500 BLACK (HEYCR  [2800-39-0003 |1 -
. i i c
T 1 ;
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THIS DOGUMENT GONTAING PROFAIETARY INFOR l_ﬂ\ 2575 [f'_..fJ pik -0 P

MATION  AND  DEZGW  RIGHTS BELDMGING YO
WAVVETEK AND MAY NOT BE REPRODIMSED FOR ANY
REAZOM EXCEPT CALIBRATION, QPEAATION, AND
SAA INTEMRANCE WITHOUT WRITTEN AUTHORIZATION,

ALBEY BTV -
NOJEE AS SHD
SRLACE S

SOCHET
(CEF: 2I00-02-0056)

STANDOFE
» 290 % . 500 SHAGE

SWAITCH w‘?(.—-\
7 {&d

(CEL2SHSM-T00,

TV No#bo
(FEF)

N o8 A E

[ PN EOO0-00-00 2
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P! T —
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HONE CFIE CAILE SO0 =F0—0021 | ST DO2 L i
| i
TR (e B
B REAK EH b anit L et
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TiITLE
RELEASE almpgL
i ASSEAABLY
TOLERANCE Lk E5S e
| . — ATHERWISE SPRCIFILG G D508 e 89,
WAl | FE PROCESS MU g ANGLES 1
MVETEK TITLE ABLSEMELY MO, 1 = HEVA oI ]
es D neT LE D reoon Ko NG i, [
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HEW BY | DATE
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R
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ORIENTATION, AS
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CABLE DESTINATION LIST

(£} &
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THIS DOCUMENY CONTAING PROFRIETARY INEOA.
MATIDN  AND  DEZIGN  RIGHTS WELDNAING T
WAVETEK AND MAY NGT BE REPAGDUGED FOR ANY
REASON EXCEFT CALIBRATION, DPERATION, AnD
MAINTENANCE WITHOUT WRITTEN ALTHORIZATION,
!_ I ! 1 : b
REFERENCE DEGICNATORS FART DESCRIPTION ORIB-MP&R=FART—ND PR |HMI'ETEK KO GTYSPT
- U | -
O (ASSY DR, FRONT PANEL |0 02-00=0E92 BT Iolﬂﬂ"DD-Om 1 |
4 PCA E78 MATE DISPLAY 1100—00=-2058 WITH | 1100=00—37ay 1
LOGfC Bh. oK Ram
1 ASEY. GUS PANEL 1PE-08F5 1 WUTK 1206-00=-0293 1
HONE SUFER KIT 2500017903 WUTH 2500017803 1 ‘
io SCREW, FPAN CAD I WITH |&-33%9/8 PAN Lo CMRCL  12900-25-4108 0
EONGLOM 5432 x 3r8
WONE WASHER, 1.2 IN IT 172 IN IT WAEBHER CHRCL 22002 4- 0008 3
us ‘1e. PROCRAMMED V1. 0. BAO0—G0—0 204 WYTH | BEOD- 00204 1 | -
REF; BODB—21 =2601
[1=a) IG, PROGRAMMEL V2. 4 BE00-00-0342 WUTH B&O0-00— 0342 1
REF. BH02=-71 2800,
MODEL 178 DIGFLAY BD
M IC, PROGRANMED 41, O BEO0~-00-0356% WITK | BEOD-00—0345 i
REF: 800g-21 2601 178
DISPLAY BD
v
WavETEK TiTLE ‘ RESEMELT NS 1104000872 [ ey
ASEY. FRONT PahEh | c
PARTS LisT | | pock |
1 o
REFERENCE DEAIGMATDES |P.R=RT DESCRIFTION | OB 16— MFBR=F ART—NO IIFGR‘ |HA\-'ETH& MO, FEYPT
REF ASSY DRHC. FRONT PANEL |0102-bo-0a92 HYTH ‘o:m—m 1 ‘
HOME (AESY. BUE FRONT 175=1%85 WYTH - 1206= 00— 1 F65 1 )
NONE | OVERLAY. FRGNT FANEL 17a-0&70 W I400=-01-0a70 1
NOME FILTER: DISPLAY 1781240 VT 1400-03 1240 t
2 HEMDLE: WHITE I72-3192 WUTK 140013182 £
FRON: 1400-00-8951 B
4 ‘GQNN BhC HL—7Fo45 King 2100-01—Doge
L] BOLDER LU 1497 |5|‘[ITH 2I00--04-0018 3 [
L SCREM. F.H. Cab £—Z2XI/8 FLAT HD CHACL FHO0- 198110 4
PLATE, A=2gX5/8 | |
X
B FLAT JASHER. NYLDN 2578 SMITH WVOO-26~0002 |3
& WASHER, SHOULDER. WHITE . D&sB SHITH 20— 2T—0004 7
7 HASHER NYLDM FLAT Z2L-385 AMTOM | ZE00-2R-0005 |1
——
- ) I 1 _
MVETEK : TITLE | ASSEMBL Y MO, 1206000092 REV i
ASSY. SUE FApEL. [+
| | FacE 1 |
REMLVE ALL BUR RS LLE DATE
AMT BREAK SHARE EDGFS
WAVETEK ..o 8,
fITLE
a ARE  APFRCY
PARTS LIST
—_—— ]
TOLFRANCF UNLESS
DI R — 01r150Rw| SERFLCIFIER ASS Y‘ FRONT PANEL
. xxx 01 AN ES o
HAVFTEK *AOCERS ok s oa0 IGLES 2 |
DO NOT SCA)E Dy |voore i, [T [T
MOTE UNLESS 0THERWISE SPECIFIED sUaLs 178 101000832 | o
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REASOM EMCFPT [ALIBAATHMW, OFERATION. AHD
MAFNTEMANGE WITHOUT YHITTER AUTHOR IZATION.

M. =88 x W00 —

FrAT HEAD ZOREW

{a 20050

INSTALL an (&

BOTTOM SURFACE

OF AMOUNTING

P ATE, AT SHOWIY

@

e Y wiTe Tr-wsar

(BN EBSO-C0-C 08}

SEE DETAIL 4°
FOR CABLE CLIF MELAITIVG
{FARSIDE)

INSTALL WHTH 0 A4-d0x 43"

PAN LIEAL: 2

Ly FL AT WESUER
S0T LO0K WASLIER AND LIEX pT

(% " STANDOFF )

— 77V INSTALL WTH NO.G-32xTE"

\Fﬁ/ Rar HEALD STREW AND

SELIT LOCK WASHER

/—ND. 6T v " BW HEAD SCREW

WITH SRLIT LOCK WASKHER
(4 PLOS, ITEMG)

g

LN, 6-324%2" PN HEAD SCREW
WiTH SPLIT LOCK WASHER AND

FLAT WASHER

SECTION VIEW A=A

anualsPlu
REW Elt I’_nf DaTE| A®P
A JECH 25473 e [ L
B | agez¥é 4305 sC sz £F
A A sar] S
a | 7ooz =0 T
e [ Eca T rers [VSr T
e | ccoewin pas [ |
" & | ECo* 3i-145 i |"ag®
YH [ Foal 26s T

NG, 2-56 ¢ Fa' BAN HEAD SCEEW

WHTH SPUT LACY WASHEE (F)

CROWER FWITCH )
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(3 Pres)

@ (3 InNSTALL INSIDE OF
/_ CHAZSIS SDE PLATE

T

INTTALL ON
COWVER OF SHELD
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SHOWN

(1)

“\;

S+ (REF}
‘w2g" —
S )
B / DETAN A"
WTTALE 2 ON FROMT [F) :/;o\,t - L ABLE CLIR MOUNTING
SEREACE  ANG 1 o TOE T NS -
SURFACE OF MIU T e
PLATE | si 5 SISy ;
! 201 REMIDVE ALL DUARS PR AN pal€
') ANl BRCAK BHARP FIRES [T ¢ L J-ER fé T SN T D - A a
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(STALL SPRING |®- i DR 2 [
EROM R END % an Task areqou -
o PR RODJ : ™ e .»435.’:]'»’?81"_1’
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THIS [MWULIMENT CONTAING FROPRIETARY IWFO8R \ - ’ ,,,_//
MATIIN  AND  DESIGN RIGHTS AFLONGING TO co -~ = BT -
TWAVETEE BND MAY NOT BE HEFRODUCED FOR ANY et e e - E - = H | I i JF
AEASON [XCIFT CALIBRATION, OPERAIION, AND S, e =
MAINTENANCE SITHQUT WRITTEN AUTHORALLATIDN. "‘"m._.
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-
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- D
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[y
I\'\-\_-J’

NOL T8 = ? OO AT —eee
HEAD SCTEW
{erLes)

A, GFE R T BN HEAD SCEEW
WiTH INTD TOOTH LOCK WASHER
e BLCF)

T 2 NO. 6-32 ¢ g
M L OCKING PANHEAD SCRCw
() FCS)

B
S
!
™~ W0, 6T 5 Hah BN HEAD SCREW
WiTH 1T TOGTH LOCK WASHER
{IZBL0s)

1
'3 |

NO. £-3E < 5" 1050 —

FLAT HEAD SCREW
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ﬁfj;;iﬁf‘%%: ,‘%;EW 2:.1.10'.:: ALL AUTRE ‘B?WFEE Uark
U EIEAK SHARP EpL | T2 SHEy
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r C g i) TG TITLE
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TOLERANCE UNLESS CHATSES
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ECh [ BY I DnTE[ AFF
THIS DOCUMENT cONTAING PACPRIETARY PNFOR:
MATIDH AMD DESIGN RIGHTE BELONGING TQ
WAVETEK AND MAY MOT BE A EPRODIGED FOR ANY
REASDM EXCEFT CALIERATIN, OPERATION, AMD ;
WA NTENARCE WITHOUY WrRITTEN AUTHGR|ZATION,
- T T
REFERENCE BESIGNATORS FART DESCAIPTION DRIGHFER- MTART- I WFGR WAVETER MO, GTY/PT
NOME AGSY DRWG. CHASE]S TLO2-08-031 7 HUTY CG10Z2-00—0612 | 1
1t CAR.E 17E8~0872 WITH 1207-0h-oETa | 1
3 SPRING 147383 HVWTH 143 -00—3750 1
REF: 3200~01-0Q01
19 MTE. BMT 173-5332 WeTE 1400004332 | A
2 BHIELD PLATE 1713072 WUTH 14D0—D1=1202 i
4 COVER. TOF 17E-1232 LT i400—g1-1322 | 1
E FIRER ROD 178~-1231 HUTH, 1800-01-1231 1
& BRAT, SHIELT MNTE 17B~1&87 wTK 1AC0-01—1aE3 | 1
7 COVER. BOTTOM iT8-3107 WITH La00-01-3102 1
20 SFRING CUMRD-178 1 54— om0 WITH 1400=01-7980 [ 1
HGHE CHASSTS WELDMENT i78-1712 WYTH 1400=-02-1712 1
MODEL 178
=] i TIE MOLNT TH-254C PANGT B0 — S 1
2 CLAMP, CABLE E-4 ) RICH FZEOC-00-0022 | 1
. i FLAT CARLE CLIp FCA-I3 HEKER 2B00-00— 2T v
Loa7 SPACER . 750M. . 230 2323 BMITH | EBOO=CE-00t0 | 7
HEX6—32 THRU C
TITLE ASEEMEL T NG, REW
MVE'I'EK 1101-00-0gi2
PARTS LIST cHassIS v
L PACE 1
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H 375 GIA I8 THRU
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TITLE ASSEMELY Ne REV
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FITLE
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PARTS LIST
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bIN M QFHERWISE SPFECITIED CHASSIS
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APPENDIX A
American Standard Code for Information Interchange (ASCI)
D e 0 1 1 1 1
= 0, [MsG'| o, |msa M1, |mse "’11 MSG | ‘0 (MSG | ‘0, |MSG | 1, [Msa |1, [MsG
"l“"’f"’f"i T 0 1 2 3 4 5 6 7
clojolo]l o |NUL DLE 3P 1 0 ] @ P Y A ] 1
olofe[+] 1 [son] e [oct Lo |1 1 A Q a )
olo[1{o} 2 |[sTx DC2 . 2 B R b | | |
ofo[1]1] 3 [ETx DC3 # 3 C s c | 8 1s | 3]
L Ll Lt 1] bt
ofrfolo] 4 Jeorfsociocafoctys [ o 1« [ o o [ 67 [o WS+ [ o7
of1foj1} 5 [ENa[PPC’{Nak[PPu fo | @ [ 5 | & Te [ @ [u & Te ] ol1u]|o]
o110 B8 |ACK SYN & E & E F F—) W o f > ¥ E_
o[t[+T1] 7 [eeL ETB =17 ] alc| alw|[a{las a | w | o
] w ] w T, L) —~
tlofo{o] 8 {Bs [GETjcan]sPE [ (| Y 18 | ¥ [ r | £ [x | 2(0n 2 1x [ 2
sJofo[i] e (AT [Ter [em s | | 2 1e [ 2 [ T 9Ty [ o1 &5 1> |
tlo[1]o] ¢ | LF SUB @ T ez 271 o1z [ o]
tlola]e] 11 [T ESC + | = | < |k S B z |y Z
1 [1]efo] 12 [FF FS 2 T2 = [ =TT =]
i1|1]o[1] 13 [ocr GS . = M ] m [ 2[4 %]
11110 14 | 8O RS . > y [N A n ~ Y
11111 15 sl s / L 7 | UNL | O .. JUNT QR o DEL
\ N
Y \¥4
ADDRESSED UNIVERSAL ./ LISTEN TALK
COMMAND COMMAND ADDRESS ADDRESS
GROUP GROUP GROUP GROUR
(ACG) WEG) {LAG) (TAG)
V
PRIMARY COMMAND GROUP (PCG) SECONDARY
COMMAND
GROUP
(SCQ)

'MS5G = INTERFACE MESSAGE

1 = DIO1 .. by = DIO7?
*REQUIRES SECONDARY COMMAND
‘DENSE SUBSET (COLUMMN 2 THROUGH 5)

DC4
DCH
NAK
EM
CAN

SOH
EOT
ENG
BS
HT

o un

ocL
LLO
PPU
SPD
SPE

GTL
SDC
PPC
GET
TCT

Device clear

tocal lockout

Parallel poll unconfigure
Serial poll disable

Serial poll enable

Go to local

Selected device claar
Farallel pell configure
Group execute trigger
Take control

g

Universal Gormmand Group

Addressed Command Group

A1



APPENDIX B

ManualsPlus.com

PROGRAMMING COMMAND SUMMARY

{Excluding GPIB Command Groups Given in Appendix A)

Control and Data Model 178 ASCIIl
Names Key Character

Change Signs +4- -
Decimal Point . »
0,1,2,...9 01,2,...9 0,1,2,...9
Amplitude AMPL A
Mode {Main) : MODE B
Function F FUNC C
Oftset : OFFSET D
Freguency ) FREQ F
Trigger Select (Extfint) ‘ EXTANT G
Manual Trigger Released {(Gate Offy |  MAN TRIG (Released) H
Execute | EXEC |
Manual Trigger Pushed MAN TRIG (Pressed) J
Set Phase PHASE K
Set Phase Zero Reierence PHASE REF L
Store Setting STORE M
Sweep Start Frequency START FREQ N
Sweep Stop Freguency STOP FREQ O
Cutput On or Off ON/OFF P
Trigger on Rising/Falling SLCPE Q
Burst Count BURST R
Sweep Mode MOLCE S
Sweep Time TIME T
Previous Stored Setting - U
Vp-p, Yrms, vdBm Select AMPL DEF v
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 XO
Front or Rear Panel Qutput Select FRONT/REAR XP
SRQ Enable xQ
Talk Message XT
Terminator Xy

B-1
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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  Sqguare

3 Ramp

4 DC GET Mode (XG} Codes

5  AM (Sine)

Main Generator Mode (B) Code

Continucus
Triggered

Gated

Burst

Triggered Haverwave
(Gated Haverwave
Burst Haverwave

MW bW = O

Sweep Mode {S) Code

Sweep Off

Continuous Sweep, Linear

Triggered Sweep, Linsar

Triggered Sweep and Hold, Linear
Continuous Sweep, Logarithmic
Triggered Sweep, Lorarithmic
Triggered Sweep and Hold, Logarithmic

TN B kY = O

Output OniOft (P) Code

0  Output Off, Load Out
1 Qutput On
2 Cutput Off, 502 Load In

Front/Rear {XP)} Code

0 Front Panel Output
1 Rear Panel Qutput

Externalflnternai 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
cormmand.

0  Execute and trigger upon receipt of GET com-
tmand {no errar checking).

i Faich next slored setting, execute and trigger
upon receipt of GET command (no error check-
ingy.

—1 Fetch previous stored setting, execute and trig-
ger upon receipt of GET Command (no error
checking).

SRGQ (XQ) Code
NOTE: This parameter selects the conditions
under which the GPIB flag is serit by the 178.
0  SRQoff
i SRQ sent if 2 programming error ocourred.

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 - Sweeaping.
List of Programming Errors. When read,
message sets to nuil,
Serial Poll byte message.
Value of most recently programmed selector.
Main Generator Setlings.
Sweep Generator Settings.
Current Markers Fregquency.
Maode! and Scftware Version.

—4
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APPENDIX C
DISPLAYS
Key " Display—ACTUAL (Explanation)
Pressed
ADRS GPIB ADDR (Decimal address} (Listen character) (Talk character)
AMPL AMPL {Value) (Unit of measure Vpp, 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

CMD RCL

CURSOR —, -~

CURSOR 1
CURSOR |
DISPLAY TEST

EXEC

EXP

EXT/ANT
FRONT/REAR
FREG

FUNC

HOLD

LOCAL

MAN TRIG

MODE (Mainj

{Clears any unexecuted numerical entry of the last parameter entered)

(A string of letters and numbers up to 40 characters long displayed 20 characters at a time
and shifted by the cursor —, +—}

{If a value is being displayed, the selected digit blinks. If there is no value being displayed,
there is no effect. I 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.)

(if the display is a value, code or storage location number, it increments )

(If the display is a value, code or a storage location number, it decrements.)

(All display segments are lit.)

If no errors: EXECUTE. If class 1 error: (Parameter identified) ERROR. If class 2 error:
ERROR (Parameter identified).

{If previous display was a value or a code, it is suffixed with an EQ.)

{INTERNAL ar EXTERNAL} TRIGGER (Code)

(FRONT or REAR) QUTPUT {Code)

FREQ (Value) (uHz, mHz, Hz, kHz or MHz)

FUNG (Function) (Code)

HOLD AT (Value) (uHz, mHz, Hz, kHz or MHz)

{No change)

(When pressed: No disptay 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 (CONTINUOUS [0] TRIGGERED [1}. GATED [2], BURST [3}, TRIG HAVER [4], GATED

HAVER [5] BURST HAVER [5])
C-1
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Key Display—ACTUAL (Explanation of Possible Displays)
Pressed

MODE (Sweep) |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 (8]

MARKER MARKER {Number) (Frequency) (uHz, mHz, Hz, kiHz or MHz)

MARKER FREQ |MKR FRQ {Value) (uHz, mHz, Hz, kHz or MHz)

OFF/CN QUTPUT {QFF, LD QUT (0) or OFF, LD IN {2}
OFFSET OFFSET (Value) (u¥, mV or V) gg‘;’;;trg:g"r}fa}??;gggpl n"ﬁ:;a‘”
treme right side of the display.
PHASE AEF  |PHASE REFERENCE SET A
PHASE PHASE (Value) DEG or NO PHASE (SWEEPING) R — Remote
RESUME RESUME L — Addressed to Listen
T — Addressed o Talk
REGALL SETTING (ValUE) HECALLED O —_ Requesl '01’ Service
because of either Class 1 or
RESET RESET Class 2 errors.
SLOPE TRIG SLOPE {POS [0] or NEG [1])

START FREQ | SW STRT (Value} (xHZ, mHZ, HZ, kHZ or MHZ)
STOP FREQ SW STOP {value) (sHZ, mHZ, HZ, kHZ or MHZ)

STORE If no errors: NQ. {Value) LAST STORED. If class 1 error: {Parameter identified} ERRCR.
If class 2 error: (Parameter identified).

STATUS Display changes automatically:

FREQ (Value) (uHZ, mHZ, kHz or MHZ)

AMPL (Value} Unit of measure Vp-p, Vrms, dBm)
OFFSET (Valug} {(z¥, mV ar V)

FUNC (Function) {Code})

MODE (Main generatar mode) {Code)

BURST COUNT (Value}

PHASE (Value) BEG

SW STRT (valua) {(uHZ, MHZ, kHZ or MHZ)

SW STOP {(Value! (pHZ, mHZ, HZ, KHZ or MHZ)
MKR FRQ (Value) {uHZ, mHZ, HZ, kHZ or MHZ} SELECTED
SWP (Made) (Code)

SWEEP TIME {Valug) SEC

QUTPUT {ON or OFF) (Code)

{(FRONT or REAR) OUTPUT (Code}

{EXTERNAL or INTERNAL) TRIGGER {Code)
TRIG SLOPE (POS or NEG) {Code)

TIME SWEEP TIME (Value) SEC

{Number Keys) ]{Number gorresponding to the seiected key)
|

c-2
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APPENDIX D
OUTPUT AND.TIMING FOR BASIC MODES AND FUNCTIONS
Continuous Triggered Gated Burst {Burst length = 4)

Trigger

Input ‘j_—
Selected t
Waveiorm |_
——. |

I
1
i
Triangle 7{\7(3\74
Square | C :l: _ :1: ‘ f: ‘ I: ‘ F
Ramp 111

I

|

HAVER- |
SINE I
|

|

NCRM

HAVER-
TRIANGLE

|

|

HAVER- |
SQUARE |
|

HAVER- —_-—
N,  RAMP

Sine i
|

Triangle V\_//_\\

bt
i

! |
g Fame \I\l\l\ W
= |
T I-!auer— : I
> sine T— W/\/_
< |
Haver- | |
triangle — W
Haver- | N
N
square , ||_| Ll l_l l_|
gl B OO N
|
. ramp !
' |
| JLTLE .
Syncl | f
Hm L mEgpinlm

*In phase with square wave only,

D-1
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APPENDIX E
MODE COMBINATIONS AND QUTPUT

With seven main generator rmodes, seven sweep
generator modes and two trigger modes, the number
of possible output configurations is very large;
however, as can be seen from taple 3-5, it is sufficient
to illustrate only 28 of these configurations and 1o ex-
trapolate for the remainder.

NOTE
SWEEP OFF refers to the state of the main
generator not the sweep generator.

B(,50 {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

AVAVAVAVANVS

B1,80,G0 {Main Triggered, Sweep Off, Main Trig-
gered Externally}—A trigger initiates a single cycle
at the selected frequency.

EXT TRIG IN _I_I

Ny

FUNG QUT

B1,%0,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.

SWP OUT
| |

N/

FUMC OUT

B2,50,G0 {(Main Gated, Sweep Off, Main Gated Ex-
ternally'—The main generator is gated on tor a
period determined by the trigger input at a fixed fre-
quency.

N [
AN

EXT TRIG IN

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.

SWP OUT

FUNC QUT

LAST CYCLE STARTED
1S 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

|
|
AN

BURST LENGTH =4

FUNG OQUT
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B3,50,G1 (Main Burst, Sweep Off, Main Triggered
by Sweep)—The sweep generator triggers a fixed fre-
quency burst from the main generator at the selected
frequency for the duration of the programmed burst

length.
SWP OUT _I/"’//] /
' I
I I
N AVAVAVAV-—AVA

BURST LENGTH =4

B0,51 {Main Cont, Sweep Cont)—The output is a
continuous ouiput continuously sweeping from the
start to the stop frequency.

il

] b

|
| | ,
W A

IRREN 1
ARITEIT

FUNG QUT

SWP OUT

B1,51,G0 {Main Triggered, Sweep Gont, Main Trig-
gered Externally)—A single cycie of a sweeping
waveform is generated for each trigger.

EXT TRIG IN

SWP OUT

FUNC QUT

B1,51,G1 (Main Triggered, Sweep Cont, Main Trig-
gered by Sweep)—The sweep generator triggers a
single cycle at the start frequency.

— 1 —"1-

1
|
!

7 7

W Y

SWP OUT

FUNC OUT

E-2

B2,51,G0 (Main Gatad, Sweep Cont, Main Gated
Externaliy)—When the trigger signal is received the
main generator produces a sweep burst preportional
to the trigger pulse width, The start frequency is ran-
dom, somewhere between the start and stop fre-
guency.

EXT TRIG IN ___1

W

]
1
1
NILLELLE A Wit
AT / .

LAST CYCLE STARTED
IS COMPLETED

SWP OUT

|
‘.
FUNC QUT !

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.

/’II.,/L/

SWP QUT

FUNC OUT

B3,51,G0 {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
rangom, somewhere between the start and stop fre-

guency.
EXT TRIG N _!_1 J_l
]
! l
]
SWP OUT M L
P |
AT t [l
FUNC OUT — AN
[ P
4 4

BURST LENGTH =4
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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 QUT I/\/\IJ IIII||II||III'|‘|

BURST LENGTH =4
B0,S2 ({Main Conti, Sweep Triggered

Exfernally)—The main generator runs continuously
at the start frequency, when an external trigger is
received the main generator sweeps from ihe start to
the stop frequency and resets to the start freguency.

EXT TRIG IN | |
1
|
|
SWP OUT [ |
| 1
b |
FUNG OUT ™, AAMATEL 1 Il n

W u’ W

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 __L//‘]_
l
:
FUNG OUT -/\\’f

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

—

FUNG QUT V\,

B2,52,G0 {Main Gated, Sweep Triggered Exter-
naily, Main Gated Externally)—A trigger input gates
the main generator tus producing a gated sweep from
the start freugency with the trigger durafion determin-
ing the burst length.

B I

EXT TRIG IN
| |
| ]
i |
SWP OUT -_,,_,/—'n”’/-l_
l !
! W
FUNC OUT 'ulul. u"”r——"——

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
1
|
|
SWP OUT M
|
!
ALY
FUNG OUT “—”\ T e —
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B3,52,G0 (Main Burst, Sweep Time Externally,
Main Triggered Externally)—External trigger trig-
gers & sweep burst from the main generator. Burst
duration is set by the burst length.

EXT TRIG IN |
[

SWP OUT _:/__,/—"’I_
|

FUNG OUT —V \H)‘J\‘ﬁ

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 _L/"/L_
1
|
I

FUNG OUT — N\W—

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 generater from the stop to start frequency.

EXT TRIG IN I I []
i
|
!
SWP OUT _I/I_
1
|
1
- MO AN S N A N
FUNC OUT VRV RVA T TRV IRVARY

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 slart fre-
guency and triggers the main geneartor producing a
single nonsymmetrical cycle at the stop frequency.

EXT TRIG IN ﬂ |—|_

SWP OUT

FUNG OUT

B1,83,G1 (Main Triggered, Triggered Sweep/Trig-
gered Sweep Reset Externally, Main Triggered by
Sweep)—Is identical to exiernal trigger except the
second trigger will not trigger the main generator.

EXT TRIG IN 'ﬂ 1
I
o L
1
FUNG QUT l/\_;

SWe 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 & period dependent upon the
trigger puise pericd. A second trigger resets the
sweep genherator and gates the main generator which
again sweeps for the duration of the trigger pulse

width.
EXT TRIG IN | % [ 1
| 1
| |
SWP OUT ﬂ
]
|
| '.
YAl EN
FUNC OUT S .-/\U =
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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-
guency 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 generatar.

[ i
| L
SWP OUT _i‘/uri
j
l |
|

1
f
!

EXT TRIG IN

-——A u-'ﬁl, Jn' ”'nll‘lllll _r|| i _|F'l‘r_._-_

Ul

B3,83,G0 (Main Burst, Triggered Sweep/Triggered
Sweep Reset Externally, Main Triggered Exter-
nally)—The sweep and main generators are
simultanecusly 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 aiso triggering the main generator
for the burst length.

EXT TRIG IN _|_| M
‘ |
]

SWP OUT ‘_/_l—
| !

FUNG OUT —]/\[\ﬂ ﬂu———-‘j'"-..,\(I.,-"-_,‘J,.-""-..,U_

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
iriggering the main generator.

EXT TRIG IN
|1 M
i
SWP OUT _L//,_.|—__
|
'r
| fif
FUNC OUT AN

BURST LENGTH =4

E-5
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APPENDIXF
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/paris list in section 7.

F-1
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OPERATOR'S & MAINTENANCE MANUAL

Model178-3-1324

90 MHz Programmable
Waveform Synthesizer

Model 178-5-1324 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 ctange.
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Changes

Changes to the Frequency Generator PCA schematic 1104-00-3278, Sheet 4.



