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WARRANTY

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

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

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

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

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

Exclusion of Other Warranties

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



SAFETY FIRST

Protect yourself. Foilow these precautions:

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

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

Don't disconnect the green and yellow safety-earth-ground wire that connects the ground
lug of the power receptacle to the chassis ground terminal (marked with Hor/M\).

Dorr't hold your eves extremely ciose to an rf output for a long time. The normally
nonhazardous low-power 1f energy generated by the instrument could possibly cause
eve injury,

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

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

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

Pay attention to the CAUTION statements. They point out situations that can cause eguip-
ment damage.
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1.1 MODEL 178

The Model 178 Programmable Waveform Synthesizer
I8 a t pHz to 50 MMz multifunction sweep synthesizer
that can operate as a trigger, gate or burst generator
at levels to 20 volts peak-to-peak. It is synthesized to 8
digits in al! modes.

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

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

The output level is speciied into a 500 load from 1 mv
to 20 Vp-p with 3 digits resolution. DC offget can he
programmed to vary the waveferm base line =+ 10V.
Amplitude is displayed in units of Vp-p, Vrms or dBm
for any waveform.

The internal sweep generator varies the main
generator frequency (linearly or logarithmicaliy) be-
tween the start and stop freguencies. The sweep
generator has its own operating modes: triggered,
gated, hold at start and hold at stop. in addition, ten
programmable frequency markers, available one at a
time, can be used to indicate critical frequencies
within the sweep. The sweep generator can internally
trigger the main generator to produce puises with a
10 g8 to 10 min. repetilion rate and 5 pus to 5 days
pulse width.

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

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

SECTION
GENERAL DESCRIPTION

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

1.2 OPTIONS

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

Option 002 provides an additional high stability frequency
reference crystal for greater accuracy. The high stabit-
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 "\, square 'L , triangie N, ramps 1, I,
haversine /., \/ , havertriangies .~ , v , AM
{sine) {¢ , and DC.

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

Continuous: Generator runs continuously.

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

Gated: As iriggered mode, except generaior
osclilates for the duration of the gate signal pius the
remainder of the waveform in progress.

Triggered Haverwave: As triggered mode, except -
output is a sine or iriangie wavelform starting at — 90°
{or +90°),

1-1



Gated Haverwave: As gated mode, except outputis a
sine or triangle waveform starting at — 80° (or + 90°).

Triggered Burst: As {riggered 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 wavetorm starting at
~Q0°® (or + 80°).

Freguency Sweep: Output frequency can be swept
by internal sweep generaior. (See Sweep Generator).

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

Continuous Mode:

"o, T, 00 (AM sine) to 50 MMz,
e to 50D kHz.

1, P to 20 kHz,

All Triggerad Gated and Burst Modes:
VIR VRN VI (AM sine) to 200 kHz.
~1, ™ 1o 20 kHz.

Main Qutput

All waveforms are available to 20 Vp-p maximum into
500 load. Combined amplitude/dc ofiset waveforms
not to exceed & 10V peak into 50Q. Cutput voltage
into an open ¢ircuit is double indicated vollage when a
voitage less than = 5V peak is selected. Qutput avail-
able from front or rear. Source impedance: 500 {for
<10V output), hi Z {for > 10V output). Output may be
floated up to 42V peak.

Phase Offset: Output phase may be changed from
+ 1000 revoiutions (£ 360,000%) in 0.01° resolution
steps {0 500 kHz and 0.1° (or better) resolution steps
above 500 kHz.

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

DC Offset and DC Voltage Output

0 to £ 10 Vdc into 508, Ouiput voitage is doubie into
open circult when voltage less than +5 Vdc is
selected.

Auxiliary Cutputs

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

Reference Output: 10 MHz, 1 Vp-p sine, 50Q source
impedance.
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Sweep Ramp: (See Sweep Generator).
Frequency Marker: (See Sweep Generator).

Inpuis

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

Reference: An external 0.5V to 10 Vp-p sine or pulise
clock of =5 ppm or better stabifity and accuracy
automatically locks the internal reference. External
clock may be 1, 2, 3..., 8 or 10 MHz. Input impedance
is 1kQ.

Amplitude Modulation: Medulation levels up to 20
kMHz. Input impedance is 600 chms. Amplitude reduced
by approximately 50% with OV input. 5.4 Vp-p,
+15%, ac signal {with 0V offset) provides 99%
modulation. AC signal with —2.7 Vdc, = 15%, pro-
vides 200% modulation. Modulation bandwidth
typically 10 MHz. Sync output unaffected by
modulation,

Phase Modulation: Rates from DC fo 10 kMz
minimum. Input impedance is 10 kQ. x5V input
delivers approximately % 360° shift. Cuiput deviation
is =100 for main output frequencies 500 kMz and
below.

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

1.3.2 Main Generator

1.3.21 Frequency Resolution
8 gigits or 1xHz.

1.3.2.2 Frequency Precision
Accuracy

Better than 6.0005% of program setting, +0.01 uHz.
Stability

Long Term: +1 x 10~ %/mo.

Temperature: +1.2 X 10~ 7/°C.

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

Spuricus

-60 ¢Bc or 30 uV whichever is greater, 1 uHz to 200kHz,
-54 dBc or 30 uV whichever is greater, >200 kHz to 500
KHz.

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



1.3.2.3 Amplitude Precision
Hesolution and Accuracy

NOTE
DC offset range is 0 fo+ 10 Vdc

Amplitude Range
10.02 to 20.00 Vp-p
1.01 1o 10.0 Vp-p
0.101 t0 1.00 Vp-p
10.1 to 100 mVp-p
1.00 {0 10.0 mVp-p

NOTE
Specified for 1 kiHz sine wave, or for de outout
into a precision 0.1% 50Q foad.
Resolution: 3 digit £10.0 Vp-p, 4 digit (20 mV) =106 Vp-p.
DC Offset: £1% of sefting +40 mVY (worst case).

NOTE _
Amplitude and dc offset share the output attenuator.

Accuracy (Amplitude)
+1% £20mV
1% £10mv
+3% x2mv
+4% +100 pv
+5% +20 pVv

Frequency Response

Frequency Range Hesponse
1 pHz to 20 kHz £1%
>20 kHz to 500 kHz +3%
>500 kHz to 25 MHz +7%
>25 MKz to B0 MMz +15%

Specified relative to 1kMz sine wave, >100mV to 6Vp-p,
OV offset into 500Q.

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

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

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

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

Amplitude and Offset Stability

Short Term: 0.1% =1 mV for 10 min.
Long Term: 0.5% x5 mV for 6 months.
Measured at room temperature.

1.3.2.4 Waveform Characteristics

Sine Distortion

Harmonically related signals less than:

~55 dB te 50 kHz.

=40 dB to 500 kHz.

=30 dB tc 50 MHz.

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

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

Square Wave Aberrations
<5% = 50 mV of pp voitage,

1.3.3 Sweep Generator

Sweep generator is fully synthesized and may be used
independentiy 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-
tinued with resums.

1.3.3.1 Sweep Modes

Continuous Sweep: Sweep generator sawtooth runs
continuously.

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

Triggered Sweep/Triggered Reset: As in iriggered
sweep, but sweep holds at stop frequency untii subse-
guent trigger returns frequency to start frequency.

1.3.3.2 Sweep Characteristics

Sweep Time
0.01 to 800.00 sec, 10us resolution.

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

Frequency Marker Output

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

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

High Band: 5 kHz to 50 MHz.

Minimum Sweep Range
Lingar: Any start and stop frequencies with &
minimum separation of:

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

Log: Any start and stop frequencies with ratio greater
than 2.
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Sweep Resolution
Frequency Resolution including Start, Stop, Hold,
Markers: 8 digits or 1 uHz.

Sweep Frequency Update: Every 5 s (lin and fog).
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 rnain generator frequency respectively. Pulses
are generated o high synthasizer resolution and accu-
racy. Pulse is continuous or triggered externally.

Period

10 us to 600s.

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

Width

5 ps to 500,000s (> 5 days);

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

NOTE
Width is usable to 1 us.

1.3.4 General

Stored Settings

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

GPIB Programming

Standard General Purpose Interface Bus (GPIB) pro-
gramming per {EEE Standard 488-1978. interface is
optically isolaied from signal ground. interface
includes Listener (AH1 and L4), Talker (SH1 and T8),
SRQ (SR1), Local Lockout (RL1), Device Clear (DC1),
Group Execute Trigger (DT1) capabilities, and open
collector togic (E2).

Parameter Time
Command Handshake 15 us
Data Handshake 65 us
Frequency i1 ms
Amplitude 14 ms

DC Oifset 14 ms
Mode 4ms
Function 5ms
Qutput 4ms
Stored Settings 13ms
Execute 8ms

NOTE

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

Environmental

Accuracy applies for 25°C x10°C after 30 minutes
warm-up unless otherwise noted. Instrument will
operate from 0°C {0 50°C 1o 10,000 #t altitude at 90%
ralative humidity. Storage temperature from —25°C
to +65°C,

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

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

Power
90 to 105V, 108 to 126V, 198 to 231V or 216 1o 252V,
48 o 87 Hz; less than 180 watts.

1.3.5 Options

001 Additional Stored Settings

Provides nonvolatile memory for 240 additional stored
settings. Memory is battery backed upg (internally
recharged) for 80 day {minimum;} retention of settings.

002 High Stability Frequency Reference

An additional frequency reference crystal for greater
accuracy.

Accuracy: =5 X-107®
Aging Rate: 5 X 107°/day (average} <4 X 10%week.



SECTION

INSTALLATION AND INTERFACE

2.1 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspect all
external parts for possible damage to connectors, sur-
face areas, etc. |f 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 net mount this instrument by front panel
alone. Siides or tray support is necessary
to prevent instrument damage. (Ref: Figure

2.1
PIN: 2400-07-0003i2)  8-32 x 3B IN.
/ /PAN HEAD PHILLIFS

@*"t%\xﬁ h

&
\ NO. B FLAT WASHER

NOC. 8 SPUT
LOCK WASHER

NO. & NUT

s

PIN; 2400-00-0007(2)

NOTE:
IF SIDE RAIL DOES NOT HAVE PRESS NUTS
USE NO. 10 LOCK WASHER AND NG, 10

NUT 10-32 x 121N ¢

TRUSS HEAD
PHILLIPS

Figure 2-1. Optional Slide Mounting

The generator can be used as a bench instrument or
raci 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 alt functions.

2.2 ELECTRICAL INSTALLATION
2.2.1 Power Connection
NOTE

Unless otherwise specified at the time of

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

Conversion to other input voliages 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
10 left 1o remove the fuse.

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

module siot,
Card Position Input Vac Fuse
100 G0 to 105 2 amp
120 108 to 126 2 amp
220 198 to 231 1 amp
240 216 to 252 1amp

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

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

Figure 2.1A. Voltage Selector and Fuse




2.2.2 Signal Connections

NOTE
Use RGBBU or equivalent 500 coaxial
cables equipped with BNC connectors to
distribute FUNCTION QUT signals.

instrument BNC connectors are:

EXT TRIG IN, front and rear panel, TTL

SWEEP QUT, front panel, 0 to =5V, 80010 impedance.
SYNC OUT, front panel, TTL, 50Q impedance

SYNC OUT, rear panel, TTL, 500 impedance

FUNCTION QUT, front and rear panet, 10 Vpp, 500
impedance; 10 to 20 Vp-p, >10 ki impedance.

REF IN, rear panel, 0.5V 10 10 Vp-p, 1 to 10 MHz
REF OUT, rear panel, 10 MHz, 2 Vp-p, 508} impedance
MARKER OUT, rear panel, TTL

AM IN, rear panel 5 Vp-p (100% modulation), 8008 im-
pedance

¢ MOD IN, rear panel, 5 Vp-p Maximum, 10 k@ im-
pedance

Table 2.1. GPIB Daia InfOut

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

2.2.3 GPIB Connections

The GPIB 1/O 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 toc a GPIB bus
cable connector {(available {rom Wavetek in 1 and 2
meter lengths). The GPIB interface is optically iso-
lated from the main generator.

Tabte 2.2. GPIB Address Codes

Pin Signal
1 D101
2 D102
i g;gi True When Low
5 EO!
(5] DAV
g xgig } True When High
9 IFC
10 SRQ } True When Low
11 ATN
12 Chassis Ground
13 DIO5
14 Dios
15 Dio7 S True When Low
16 DIO8
17 REN
18
19
20
21 > Signal Ground
22
23
24

Switch Hexa-
ASCH Poasition decimal

Device | Listen | Talk | 1 2 3 4 5 |Listen |Talk
0 {space} @ o000 20 40
1 ! A 10000 21 41
2 " B 01000 22 42
3 # C 11000 23 43
4 $ D 00100 24 44
5 Yo E 106100 25 45
6 & F 01 +t00 26 48
7 G 1100 27 47
8 { H 000190 28 48
2] ) § 1040190 29 49
10 * J 010610 2A 4A
11 + K 110190 2B 4B
12 . L 00110 2C 4AC
13 — M Tt 0110 2D 4D
14 . N 1110 2E 4E
15 / O 11110} 2F aF
16 Q0 P 00001 30 50
17 1 Q 10001 3 5
18 2 R 01001 32 52
19 3 S 11001 a3 53
20 4 T 00101 34 h4
21 5 U 10101 35 55
22 6 vV 1101 36 56
23 7 W 11101 37 57
24 8 X 00011 38 58
25 g Y 100 11 39 59
26 X Z 01011 3A 5A
27 : [ 11101 1] 3B 5B
28 < \ 0¢g 1 11 2C 5C
29 = ] 11611 1] 3D 5D
30 > ! 01 1 1 1

3k 5E

Address 31 is not allowed.



Location Function Paragraph
1 Function Quiput 2.2.2, 3.11,
App E
2 Reference Input 2.2.2,386
3 Reference Output 2.2.2, 3886
4 Sync Output 2.2.2
5 Power Cord Receptacle 2.21
8 Fuse and Fuse Holder 2.2.1
7 Marker Quiput 222, 398
8 Phase Modulation Input 222 388
g GPIB (General Purpose Interface 2.2.3 3.18
Bus) Connector
10 AM Input 222 384
11 GPIB Address Selector Switch 2.2.4
12 Trigger Input 222, 37

Figure 2.2 Rear Panel and Cross Reference

2.2.4 GPIB Address

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

press ADR on the front panel. The device number
{decimal) and ASCI! listen and talk addresses will be
displayed.

2.2.5 Initial Checkout and Operation

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

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

Step Test Tester & Setup Program Desired Results
1 Wake-up state and Connect Model 178 Power: ON Dispiay: All segments, decimal
Self Test and oscliloscope as points and commas light up for
shown in figure 2-3. one second % YPIGAL
Scope setting: . DF 20,
CH1 0.5 Vidiv, SELF-TEST for one second,
CH2 0.1 Vidiv, then WAVETEK MODEL 178,
select CH1 only, Scope: CH1 1 kHz, 1 Vp-p sine
horizontal 0.2 ms/div, wave.
trigger to external
2 Select CH2 CH2, sweep signal 0 to
= + 200 mV, 2s per sweep.
3 Wake-up Status Prass STATUS key Display {changes automatically)
FREQ 1 kHZ -
AMPL1V PP
OFFSET OV
FUNC SINE (0)
MODE CONTINUOUS (0}
BURST COUNT 2
PHASE 0 DEG
SW STRT 500 HZ
SW STOP § kHZ
MKR FRQ 1 kHz
SWP OFF (0
SWEEP TIME 2 SEC
OUTPUT ON (1}
FRONT OUTPUT (O}
EXTERNAL TRIGGER (0}
THIG SLOPE POS (0)
MODEL 178
SYNC MODEL 178
O o ouUTQ ¢} OSCILLOSCOPE SYNC
oo FUNG o o O O oute oscn_;oscops
ouT OV son CH2 | SYNC Fggf °
CHA1 50044 CH1 | CH2

Figure 2-3. Step 1 Setup

Figure 2.4, Step 59 Setup




Tabie 2-3. Operation Verification (Continued)

Step Test Tester & Setup Program Desired Results
4 Status Search STATUS Status display sequence stops.
5 t Status progresses forware.
§ | Status progresses backward.
7 STATUS Status display sequentially
continues.
8 Display Test DISPLAY Al segments decimal points,
TEST and commas Hght up.
Back to last display
when released.
9 Press FREQ key a few times Beeper sounds everytime key
is pressed,
10 Prass ;, then FREQ key Beeper is sHent.
a few times
11 J‘ Beeper enabied.
12 Command Recall Press each of the 8 keys in the Strings of characters shown
MAIN generator section 4 times on display.
then CMD
RCL
13 Press — or — Moves characters left or right,
4 at a time.
14 GPIB Address and ADRS Display: GPIB ADDR
Status {Ref: Table 2-2}
15 Set Frequency FREQ Display; FREQ 1 kHZ.
16 - Display: FREQ 1.0000000 KMZ,
17 ! Frequency LSD increases.
18 ! Frequency LSD decreases.
19 - Different digits are intensified
{selected for editing).
20 Reset Frequency Select CH1 ~or-- until digit selection Display: FREQ 1 KiHZ
{intensification} stops. Scope: 1 kHz, 1 Vp-p sine wave,
21 Set Amplitude AMPL Display: AMPL 1t V P-P
22 Use cursor, — — 1 |, Scope: Amplitude increasing or
to increase or decrease amplitude | decreasing.
23 Amplitude Scope setting: AMPL 20 EXEC Scope: Bine wave 20 Vp-p.,

5 Vidiv

Display; AMPL 20 VPP




Table 2-3. Operation Verification (Continued)

2-6

Step Test Tester & Seiup Program Desired Results

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

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

26 5 mVidiv AMPL 1EXP~-2 EXEC Scope: 10 mVp-p

27 5 mVidiv AMPL 1 EXP-3 EXEC Scope: 1 mVp-p

28 0.5 vidiv AMPL 1 EXEC Scope: 1 Vp-p

29 Offset Scope setting: 1 Vidiv QFFSET 2 EXEC Scope: 1 Vp-p sine wave,

+ 2 Vdo offset.

30 OFFSET -2 EXEC - 2 Vdec offset.

3 Use cursor to increase or Offset' increases or decreases.

decrease offset

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

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

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

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

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

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

37 1 Dispiay; FUNC DC {4).

Scope: 0 Vdc.

38 t Display: FUNC AM SiNE {5).
Scope: 0.5 Vp-p, sine wave,

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

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

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

. Display: FREQ 50 MHz.

41 Scope setting: Vert AMPL. 10 FREQ SEXP7 EXEC SGO%B?ISO MHz, approx

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




Table 2.3. Operation Verification (Continued)

Step Test Tester & Setup Program Desired Resulls

45 1 Dispiay: AMPL IN VRMS (1}

48 AMPL Dispiay: AMPL 354 mV RMS.

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

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

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

L) FUNC 1 EXEC AMPL Display: AMPL 1V BRMS.
Scope: 3.46 Vp-p, triangle wave.

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

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

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

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

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

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

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

58 System reset BESET Dispiay: RESET.

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

53 Triggered Attach scope per EXTIANT 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 =2.5V
CH2 1 Vidiv

Horizontal 2 ms/div

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

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

62 BURST 1 ¢ Display: BURST COUNT 4.

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




Table 2.3. Operation Verification (Continued)

Step

Test

Tester & Setup

Program

Desired Results

€3

Trigger Haver

64

Gated Haver

65

66

67

68

69

Burst Haver

70

71

72

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 sync pulses.

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

FUNC

Display: FUNG SINE (0)

Display: FUNC TRIANGLE {1}.
Scope: CH1-4 cycles of
havertriangie.

CH2-4 synt pulses.

Display: FUNC SQUARE (2.
Scope: CH14 cycles of
square wave,

CH2-4 sync puises.

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

AMPL -1 EXEC

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

CH2-4 sync pulses.

FUNC |

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

CH2-4 sync pulses.

Display: FUNC TRIANGLE {1).
Scope: CH1-4 cycles of
inverted havertriangie.

CH2-4 sync pulses.

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

RESET

Display: RESET.

Scope: CH1-1 kHz, 1 Vp-p
sine wave. CH2-0 to =25V
sync pulses,

75

2-8

Continuous Sweep,
Linear.

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

Horizontal to .5 msidiv.
Vertical mode to chop.

Sync to CHY,

MODE (Sweep)1 EXEC

Display: SWP CONT LIN {1).
Scope: GH1-Frequency sweeping
from 500 Hz to 5 kHz, 2s per
sweep. CH2- 0 to =5V, 2 sec
ramp.



Table 2.3. OQperation Verification (Continued)

Step Test Tester & Setup Program Desired Results
76 Trigger Sweep, f Display: SWP TRIG RST LIN {2),
Reset, Linear Scope: CH1-500 Hz
sine wave. CH2-0 vdc.
77 MAN Scope: CH1-Sweeping to 5 kHz
TRIG and reset back to 500 Hz. CH2-
Ramp to =8V and reset to OV.
78 Trigger Sweep and t Display: SWP TRIG HOLD LIN(3)
Haold, Linear Scope:; CH1-500 Kz sine wave. Scope: CH1-500 Hz sine wave.
CH2-0 Vde. CH2:0 vde.
79 MAN Scope: CH1-Sweep to and hoid
TRIG at 5 kHz. CH2-Ramp to =5 Vdc.
80 MAN Scope: CH1-Reset to 500 Hz.
TRIG Ch2-Reset fo 0 Vdc.
81 Sweep Hold and TIME 10 EXEC MAN Display SWEEP TIME 10 SEC
Resume TRIG Scope: CH1-Frequency
sweep starts. CH2-Ramp to=5Vdc
82 HOLD Scope: CH1-Constant frequency,
CH2-Stops ramping. Display: in-
dicates frequency at hold.
as RESUME Scope: CH1-Sweep confinues,
stops at 5 kMz.
CH2-Continues to =5 Vde.
Display: RESUME
B4 MAN Scope: CH1-Reset to 500 Hz
TRIG CH2-C Vde.
Display: SWEEP TIME 10 SEC
85 Sweep Hold, Search MAN Scope: Sweep starts,
and Resume TRIG
86 HOLD Scope: Constant frequency.,
a7 P T Scope: CH1-Frequency
increasing or decreasing.
CH2-8weep output level
remains consiant.
88 RESUME Scope: CH1-Sweep continues
from where it was held.
CH2.2 ramps to =5 Vdc.
89 Continuous Sweep, START +0p STOP 1gs Display: SWP CONT LOG 4.
Logarithmic FREQ FREQ Scope: CH1-Freguency swaeping
MODE (Sweep)4 EXEC from 100 Hz to 100 kHz
logarithmicaily.
CH2-2 ramps to =5 Vdc.
90 Triggered Sweep, 1 Display: SWP TRIG RST LOG

Reset, Logarithmic

{5).
Scope: CH1-100 Hz. CH2-0 Vde.
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Table 2-3. Operation Verification {Continued)

Step

Test

Tester & Setup

Program

Desired Resulis

91

92

93

94

Triggered Sweep
and Hold,
Logarithmic

MAN
TRIG

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

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

MAN
TRIG

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

MAN
TRIG

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

95

Sweep with Marker

96

Enter Marker
Frequency

a7

98

o9

1460

Recall Marker
Frequency

101

Modify Marker
Frequency

Scope: Connect
scope as in

figure 2-5. Sync

to external input.
Horizontal 2 msidiv

MODE (SWEEP)4 TIME .02
MARKER 1 EXEC

MARKER
FREQ &3

MARKER
FREQ 1F4

MARKER
FREQ SE4

MARKER 2

MARKER 3

MARKER 4

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

MARKER 1 EXEC

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

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

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

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

MARKER «~ t | or —
FREQ

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

102

103

104

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

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

RESET FUNC 1 EXEC

Scope: 1 kHz triangie.

STORE 1 EXEC

Display: NO. 1 LAST STORED

FUNGC 2 AMPL 2 EXEC

Scope: 1 kHz, 2 Vo-p
sguarewave.




Table 2-3.

Qperation Verification (Continued)

Step

Test

Tester & Setup

Program

Desired Results

105

106

107

108

109

110

Recall Stored
Settings.

1M

12

113

114

CGutput OFFION

115

116

117

Front or Rear Output

STORE 2 EXEC

Dispiay; NO. 2 LAST STORED

FREQ 283 FUNGC 0 EXEC

Scope: 2 kHz, 2 Vp-p sine wave.

STORE 3 EXEC

Dispiay: NO. 3 LAST STORED

RECALL 1 EXEC

Display: SETTING 1 RECALLED
Scope: 1kHz, 1Vp-p triangle

Display: SETTING 2 RECALLED
Scope; 1kHz, 2 Vp-p square
wave.

Display: SETTING 3 RECALLED
Scope: 2kHz, 2 Vp-p sine wave.

RESET

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

OFF/ON ¢ EXEC

Dispiay; OUTPUT OFF,

LD QUT (0

Scope: No signal,

FUNCTION OUT open circuit.

OFFION 2 EXEC

Display: QUTPUT OFF, LD IN ).
Scope: No signal,

FUNCTION OUT shorts to
ground through a 50{! resistor.

Dispiay: QUTPUT ON (1},
Scope: 1 kMz, 1 Vp-p sine wave,

FHRONT/
AEAR

Display: FRONT QUTPUT (D).
Scope: (CH1) 1 kHz,

1 Vp-p sine wave.

{CH2} no signal.

FRONT/

REAR 1 EXEC

Display: REAR OUTPUT (1)
Scope: (CH1) no signal.
{CH2) 1 kHz, 1 Vp-p sine wave.

Return to front output.

118

19

120

Externat Trigger

Connect scope and |
Model 182A (TTL
source) as in figure
2-7. Set Model 182A
frequency to 100 Hz.

Sync on CH2.

Horizontal to 2 msidiv.

Scope trigger to
internat.

RESET

Display: RESET.

MOBE {Main}2 EXEC

Display: MODE GATED (2).
Scope: Burst of sine wave (CH1)
when square (CH2) is high.

SLOPE 1 EXEC

Display: TRIG SLOPE NEG (1).
Scope: Burst of sine wave (CH1)
when square {CH2) is low.

211



Table 2-3. Operation Verification (Continued)

Step Test Tester & Setup Program Desired Results
121 Amplitude Modulation | Connect scope and RESET Dispiay; RESET.
sine generator as
shown in figure 2-8.
Sync on CH2 Set
Modei 182A to
122 100 Hz, 3Vp-p sine FREQ 1EXP 4 FUNC 5 EXEC| Display: FUNC AM SINE ().
wave. Scope trigger Scope: Modulaled sine wave
internal. Horizontal {CH1), 100 Hz, 3 Vp-p sine wave
to 2 msidiv. {CH2).
FUNGC
MARKER
OUT (REAR) ouT {H?R}
MODEL 178 / - MODEL 178 o
SWEEP G- SYNC L—]
o OouT o OSCILLOSCOPE e} O ouT O & OSCILLOSCOPE
FUNG Q@ Q FUNG e o
ouT ouT
500 CH2} SYNC 500 500 SYNG
CH1 CHA1
CH2
Figure 2-5. Step 95 Setup Figure 2-6. Step 102 Setup
MODEL 178
MODEL 182A
o o o o OSCILLOSCOPE {OR EQUIV) o
EXT FUNC 0 o]
TRIG ouT
IN G0aL.d CHz AM IN (REAR)
CH1 MODEL 178 / I:j
e} 0 o o OSCILLOSCOPE
TTL
FUNC Q o
out
500 CHz
MODEL 1824 —
{OR EQUIV) CH1

Figure 2-7. Step 118 Sefup

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

Figure 3-1. Front Panel Controls and Connectors
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3.1 DATA ENTRY

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

SECTION
OPERATIONS

as function, mode and output show their pregrammed
argurnent in parentheses.

An audible tone indicates that a key is pressed. Press-
ing & will prevent or restore the key tone, If there ig
nc tone when keys are pressed, pressing & restores
the tone and vice versa.

Information exclusive to the GPIB is given in
paragraph 3.16.

Additional reference information appears in the
appendixes:

Appendix A - ASCIl and IEEE (GPiB) Code Chart

Appendix B - Programming Coemmand Summary

Appendix C - Dispiays

Appendix D - OQutput and Timing for Basic Modes
andg Functions.,

Appendix £ - Mode Combinations and Output

Tabie 3-1 Function Cross Reference

Location in ASCIi Action (A) or Appendix C and
Figure 3-1 Character Function Parameter (P) Paragraph
1 N Sweep Start Frequency P. 3.1
2 0O Sweep Stop Frequency P 3.9.1
3 XN Marker Selection P 396
4 X0 Marker Frequency P 3.986
5 XJ Resume Sweep A 395
8 XH Sweep Hold A 3.85
7 T Sweep Time P 392
8 5 Sweep Mode P 3984
9 F Frequency P 3.8.1
10 A Amplitude P 382
11 D DC Offset P 3.8.3
12 C Function {(Waveform) F 3.8.4
13 K Phase P 3.8.86
14 L Set Phase Zero Reference A 3886
15 R Burst Count P 3.8.5
18 B Main Generator Mode | P 3.8.5
17 0 thru 9 Number Characters P 3.3
18 4 Reset A 213
19 Display Test A 3.14
20 Status A 315

31



Table 3-1 Function Cross Reference (Continued)

Location in ASCI Action (A) or Appendix C and
Figure 3.1 Character Function Parameter (P) Paragraph
21 vV Amplitude Definition P 3.82
22 o (Tone On/Off) A 3.1
23 I Program Execution A 35
24 Clear Entry A 3.12
25 E Exponent P 3.33
26 Function Output 3411, App E
27 Syne Ouiput 2.2,3.11.3
28 xP Qutput Front/Rear P 3111
29 P Cutput OH/On P 3.11.2
30 Y Recali Stored Setting P 310
31 M Store Setting P 3.10
32 G Trigger, Int/Ext P 3.7
33 G Triggering Slope P 3.7
34 d Manual Trigger Pressed A 3.7
34 H Manual Trigger Released A 3.7
35 Local Control Enable A 3.16
36 Command Recall A :
27 GPIB Address A 2.2.4, 3.16.2.1
38 Sweep Generaior Qutput 3.84, App E
3@ Externat Trigger Input 3.9.4
U Recall Previous Program A 3.10.2
W Recall Next Program A 3.10.3
XG GET Mode P 3.16.7
XQ SRQ Enable P 3.16.5
Xt Talk Message P 3.16.4
XV Terminator Select P 3.16.6
490 Readout 3.186.9, App C
41 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 pane! push-
button. When the power is iurned 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" s displayed. At least
two seconds must elapse between power OFF and
power ON for proper reinitialization of logic. When the
power comes on, the output Is automaticaily enabled.

3.3 BASIC COMMAND STRUCTURE

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

3-2

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

3.3.1 <Characters

Characters used to program the 178 are divided into
classes:

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



] GPIB
{1ST PRIORITY)

KEYBOARD
{2ND PRIORITY)

DISPLAY LRECALLL  gromeD
MEMORY - SETTINGS
A
RECALL | STORE
WHEN 4
PARAMETER SCRATCH PAD
ENTRY IS 7 MEMORY
TERMINATED
AND LEGAL
WHEN EXECUTED
I, GET OR
VERNIER)
WAVEFORM
circuts | ¥
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 characiers 0
through 9, £, —, and decimal point ().

3. Special Character—Quote {").

4. Terminator Character—initially the ASCII new
tine 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 Parametier

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

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

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

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

3.3.3 Programming Parameter Values

The numeric characters (0 through 9, E, —,) are used
to program new parameter vaiues. To change a
parameter vaiue, 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 seguences in {able 3-2 cause the value
100 to be programmed. :

Table 3.2. Examples of Value Programming

ASCH Keyboard Standard Notation

160 100 106

0100 6100 100 (leading zeros are ig-
nored}

1E2 1EXP 2 1 x 10¢

O1E4 O1EXP 4 01 x 104

018304 | 01 EXP 304 .01 x 104 {iast two expo-
nent digits only are used)

1000E-1 | 1000 EXP =1 1000 x 107

1E-2- 1EXP =2 = 1 x 107 {two minus signs

: cancel)

1E.2 1EXP .2 1 x 10? {decimal points in

exponent are ignored).

The numbers {0 the left of the E are the mantissa; the
digits to the right {only two are allowed) are the expo-
nent. The result value is the mantissa times 10 to the
exponent power; for example 8.99 £E2 = 9.99 x 102
= 999,
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Only one decimal point and one E (keyboard EXP) are
allowed per number; additional ones are ignored. The
sign toggle character may appear any number of
times. It causes the sign of the mantissa (if E has not
been programmed) or the exponent {if E has been pro-
grammed) to be reversed (if negative, then positive,
and vice versa) each time it appears. Any number of
nonprogramming characters may be interspersed
with the numeric characters, as they have no effect. If
an undesired value is entered, the CLEAR ENTRY key
can be used to erase it.

Several parameters required codes for specific selec- -

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

Table 3.3. Round Offs

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

Parameter

Freguency
Amplitude

Offset

Phase

Time {Sweep)

Time (Sweeap

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

All Other

Parameters To Nearest integer

Since the number input format is so general, the
microprocessor must be told when the fast numeric
character has been entered so it can evaluate the
number. This is done by programming either an
alphabetic, special or terminator character. When this
is done, the new value is rounded off (ref: table 3-3)
and tested to see if it is a legal value for the setting be-
ing changed (ref: paragraph 3.4). if it is legal, the new
value is entered into the instrument's scratch pad
memory; however, it is not yet sent to the waveform
circuits. That is usually done by programming the I
action (EXEC key on the front panel). Othar 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 scrateh pad is erased and the original
value is displayed.

3.4 ERRORS

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

3.4.1 Class 1 Errors

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

3.4.2 Cilass 2 Errors

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



upon receiving a Group Execute Trigger (refer to
paragraph 3.18.7), the 178 programming is executed
without error checking.

3.4.3 Class 3 Error

Class 3 error oceurs if an empty stored setling is
retreived. The error is displayed and the state of the
178 remains unchanged from the previously executed
prograr.

35 EXECUTING THE PROGRAM

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

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

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

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

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

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

3.6 CURSOR

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

NOTE
The modified value is automatically ex-
gcuted.

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

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

The t and | keys can also increment and decrement
parameter codes, such as function and mode codes.
Cursor positioning (— —) I8 not necessary for codes
and codes do not flash to indicate cursor position.

When storing & program, press STORE key andthen 1.
The program will be stored in the next memory loca-
tion in numerica! sequence. Keys 1 and | can aiso be
used to recal! stored settings in numerical sequence.

During command recalt, cursor — and — keys shift

the display four characters o the left or right, respec-
tively.

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

3.7 TRIGGER MODE AND SLOPE

Triggered and gated modes of the main generator are
initiated either by exiernatl or internal triggers. Exter-
nat triggers are: external TTL ievel signal at front or
rear panel BNCs, manuat trigger at MAN TRIG key on
the front panel or GPIB 4 and H commands. internal
trigger is the sweep generator; that is, each sweep
generator cycle triggers or gates the main generator.

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

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

Both the main generator and sweep generaior can be
iriggered 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 iis code selects either internal or exter-
nal trigger (affecis main generator only):

(G0 Selects exiemal trigger.
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G1  Selects internal trigger.

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

H (releasing MAN TRIG) - In main generator gated
mode, terminates the output of the main generator
{ihe last cycie started is always compieted).

(} 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 (_# ) of the
trigger signal. The main generator gaies on at
the high level,

Q1 Selects triggering on the failing edge ( ™) of the
frigger signal. The main generator gates on at
the low level.

3.8 MAIN GENERATOR

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

3.8.1 Frequency

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

Table 3-5. Mode/Function/Frequency

Mode Function Frequency
Cont oo T AM 0 50 MHz
v 1o 500 kHz
IR N 10 20 kHz
Trigger, LT LN AM to 200 kHz
Gate,
and PN o 20 kHz

3.8.2 Amplitude

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

VO Seiects volis peak-to-peak into 500
V1 Selects volts rms-into 504.
V2 Selects dBm into 500.

An A followed by a vaiue {up to 3 digits) programs the
amplitude at the function output. Amplitude may be
programmed in volts peak-to-peak from 1 mV to
20 Vp-p specified into a 50Q load. See table 3-2 for
value programming, table 3-3 for round off and
paragraph 3.11 for function output and load operation.

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

AMPLITUDE
CONTROL

ouTPUT
ATTENUATOR {rwn
0-60 dB

ouTPUT
AMPLIFIER

OFFSET
CONTROL

1 CYCLE
OF SIGNAL

vp
B S i I\/r}p
owse*r% S V AV A

Figure 3-3. Amplitude and Offset Schematic

The amplitude and offset are not completely indepen-
dent of one another, because they share & common
output amplifier and attenuator (see figure 3-3). In cer-
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tain cases it may be necessary to decrease the
number of digits of resolution of amplitude or offset in
order 1o prevent clipping in the output amplifier or to
make the programmed value of offset (or amplitude)
appear at the ocutput despite an unfavorable at-
tenuator setting necessitaied by a larger vaiue of
amplitude (or offset).

The sum of amplitude and offset control the output
amplifier and attenuator. The output amplifier is
limited to +£10.00 volts peak and a 3 digit input
(XX X). The attenuator can operate at only x10°,
X107, x10-% or x10-% Figure 3-4 is a guide to
expected resolution.

3.8.3 Offset

D followed by a value (up to 3 digits) offsets the func-
tion output from O to + 10V specified into a 500 load.
Offset Is programmed in volts dc. See table 3-2 for
value programming, table 3-3 for round off and
paragraph 3.11 for function output and load operation.

Offset value may be modified by the cursor (ref:
paragraph 3.6).

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

3.8.4 Function

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

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

C1 Selects triangle wave. Frequency maximum is
500 kHz in continuous mode and 200 kHz in trig-
ger, gated or burst modes.

C2

Selects square wave. Freguency maximum is
50 MHz in continuous mode and 200 kHz in trig-
ger, gate or burst mode.

ac 20 mv
dc 10 mv

AN T e
N %k\\\k\\x% <« INTERNAL LOAD OF§\§\
— A

Preferred for besi wavetorm
quality, particularly for high fre-

N

\
° MQ\\\\\\

N

guency and square wave.

Y.

ac 10 my §§\\
dc5mv = Ahiowed, but some deteriora-
N tion of signail.
) T
0.5 s
g s
m ac 1mv &x\ N b s
4 cnprogrammable conditions.
B 01 dc 0.5 mV N \“@\\ prog
w N s\\\\\
S 005 SR N SR
\\\‘_\.‘ SERETENNN
0.1 dc0.05 mV : §§\$ N
0.005 '

LR
-

.

AMPLITUDE (Vac) .

Figure 3-4.

Resolution for Combinations of Amplitude and Offset

3-8



C3

C4

C5

Selects ramp. Frequency maximum is 20 kHz In
continuous, trigger, gated burst modes.

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

Selects amplitude modulation. When AM is
selected the main out level is reduced to half the
programmed amplitude., An ac voliage
(+2.5Vp, typical, for 100% modulation; dc to
10 MEz minimum rate) at the AM IN BNC
modutatas the function cutput, When modulation
ievels 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.

AM
INPUT

+2.8V

—2.5V

-5.0v

-7.5V

50%

INVERTED
ouTPUT

100% 0% 50% 100%

Figure 3-5. AM Input Vs Envelope Qutput

FUNCTION

SYNC
QuT

ouT

NalinEpEnEnS
ML

Figure 3-6. AM Timing Relationships.

3.8.5 Modes

B followed by its code (0 through 8) selects the
operating mode. The selected mode is indicated on
the front panel readout when the MODE key is press-
ed. in addition to the main generator mode selection,
output is affected by other variables {ref: table 3-4 and
Appendix E). Many of the modes depend on a trigger.
Refer to paragraph 3.7 for trigger mode and format
selection.

BO

B1

B2

B3

B4

Bs

Seiects continuous operation of the main
generator.

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

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

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

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

Selects triggered haverwave. For ramp and
square waveforms, triggered haverwave is iden-
tical to mode B1, triggered waveforms. For sine
and triangie, triggered haverwave is one cycte of
the waveform starting and ending at phase angle
—90°. Sguare wave starts and ends at its
negative peak. If waveform ampliude is pro-
grammed negative, the waveform starts and
ends at +90° phase angie. Square wave starts
and ends at its positive peak.

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

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

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

3.8.6 Phase

To shift output signal phase relative to some external
signal, the basic 10 MHz reference must be locked to
the reference clock of the external instrument; an ex-
. ternal reference input can be a sine wave or puise of
a 500 my to 10 Vp-p amplitude at 1, 2, 3, . . . or
10MHz =5 ppm. A message REFERENCE NOT
LOCKED is dispiayed if the 178 interna! reference and

the external reference source are not synchronized or
if the external reference has high jitter.

The frequencies of the two signals to be phase locked
should be adjusted to be identical or integer multipies.
The phase angle of these two signals is not defined,
but by programming L{FHASE REF) that phase angie
becomes the reference phase ''zero” for subsequent
phase changes.

K foliowed by a value selects the phase shift {relative
to phase "‘zero’’Y measured in degrees. Phase value is
programmable from =+ 1000 revolutions { + 360,000°)
with 0.01° resolution steps {0 500 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
reterance generator are shown in figure 3-7.

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

An input to ¢MOD IN BNC phase modulates the 178.
A 5 Vp signal deviates the function output approx-
imately 360° when output frequency is > 500 kHz. For
frequencies =500 kMz, phase modulation is reduced
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by 100 times., Phase modulation is relative to the
reference source and at a deviation rate determined
by ¢Mod frequency (de 1o 10 kHz minimum).

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

__ﬁ__,/\___/

¢ SHIFT FROM
¢ REFERENCE

FUNCTION
OUTPUT
(PHASE REF)

FUNCTION
QUTPUT
{PHASE
SHIFT)

Phase Shift

Figure 3-7.

Rear Panel REF OUT BNC is a source of 10 MHz,
2Vp-p sine wave locked to the reference clock.
Source impedance is 500Q.

3.9 SWEEP GENERATOR

An internal generator sweeps the main generator
either linearly or logarithmically from the start fre-
guency to the stop frequency. Two overlapping sweep
ranges are used: the low range 1 uHz 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 generatorisina
trigger or gate mode, the sweep generator triggers
the main generator,

The fotlowing 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 freguency), the
start frequency is higher than the stop frequency.

N foliowed by iis vaiue (up to 8 digits or 1 aMz) pro-
grams the start frequency. The start freguency is pro-
grammed in hertz. (See table 3-2 for value program-
ming.)



0O iollowed by its value (up to 8 digits or tpHz) pro-
grams the stop freguency. The stop frequency is pro-
grammed in hertz.

3.8.2 Sweep Time

T followed by a value selects the time required to
sweep between the start and stop frequencies. The
value is programmed in seconds. {See table 3-2 for
value programming.) Time can be programmed from
10 ms to 600.00s with 10 ms resolution in atl sweep
modes except “‘sweep off,”” which ¢an be programm-
ed from 10 us 1o 600.00s with 10 u§ resolution.

When sweeping, altering sweep time, sweep fre-
guency or siop freguency causes the generator o
reset to the start frequency. ’

3.9.3 Sweep Width

Sweep width is the difference between the start and
stop frequencies. Maximum sweep width is limited by
the sweep range, either 5 pHz 1o 500 kHz or 5 kHz 1o
50 MHz.

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

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

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

3.9.4 Sweep Mode

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

S0 Selecis sweep off mode.

S$1 Selects continuous ramp. Normally used with
continuous main generator mode to give con-
tinucus linear sweep. SWEEP OUT is a con-
finuous 0 to approximately -+ 5V ramp.

/\_/\_—/\
{
H

! : i
fon— I

=~q—-- 5 ms OR 2% OF TiME
WHICHEVER IS GREATER

|

| w%

§2 Selects triggered linear ramp. For each trigger,
the main generator, in continuous mode, sweeps
once and returns to the start frequency. SWEEP

OUT is one 0 to approximately + 5V ramp star-
ting with the trigger.

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

S4 Selects continuous logarithmic ramp. Normally
used with continuous main generator mode to
give continuous logarithmic sweep. SWEEP OQUT
is a continuously recurring O tc approximately
+ 5V linear ramp.

S8 Selects triggered logarithimic ramp. Logarithmic
version of mode $2.

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

3.9.5 Hold and Resume

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

While the sweep is being heid, the FUNCTION OUT
frequency can be modified by the cursor keys, When
RESUME is pressed, the frequency returns to the
“hoid” freguency and then sweep contihues.
However, the ramp voltage at SWP OUT is not
modified by cursor action even if the frecuency 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 &t the start frequency.

Ramp voitage may drift during hold because of
leakage current in the charging circuit; even so, the
frequency remains constant. For most applications,
this drift is negligible for hoids less than 800 seconds,

3.9.6 Marker, Marker frequency and
Marker Output

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

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

XN followed by a vaiue (1 through 10} sslects the
marker number. Only the selected marker's fre-
guency is indicated by the marker output. After a
marker has been selected, the marker’s frequency
may be altered by programming X0, and the fre-
quency (Up 1o 8 digits) in hertz. The value replaces the
former value upon the programming of the next alpha
characiter.

MARKER FREQUENCY

e\ VW

a
E

LOWER THAN

MARKER HIGHER THAN
MARKER FREQUENCY MARKER
OUTPUT FREQUENCY

Figure 3-8. Marker Output and Sweep Frequency

3412

3.10 STORED SETTINGS

Up to 5 different sets of frant pane! settings can be
stored in and recalled from Random Access Memory
(RAM). Option GO1 provides nonvoliile memory for 40
additional stored settings. Opticn memory is battery
backed up (internally recharged) for 60 day (minimum)
reterttion of settings. Memory is expandabie to 240
stored settings.

3.10.1  Storing Program Seis

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

3.10.2 Recailing 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 s available to be sent to the waveform circuitry
of the instrument, or, if desired, it may be examined
and altered by use of the front panel keys,

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

Pressing the cursor t key or programming W causes
the program next in sequence after the last program
accessed o be recalled. This provides an automatic
way 1o 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 ocours.

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

3.10.3 High Speed Recall of Stored Programs

The Group Execute Trigger (GET) allows a rapid GPIB
recali 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 possibie
mades of GET operation {ref, paragraph 3.16.7). There
is no error checking.

3.16.4 Deieting Programs

To delete a program, program the ietter M {ollowed by
a minus sign and a number of the program io 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 QUTPUTS

3.11.1 Front/Rear Function Output

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

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

XPO Selects front pans! cutput and discormects the
signat from the rear panel.

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

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

PO Internally disceonnects the signal from the
selected function cutput BNC (ag describad in
paragraph 3.11.1) making the signal unavailable
at the connecter. In PO, the function output
presents a high source impedance at the BNC.

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

P2 Internally disconnects the signal from the
selected function output making the signal
unavailable. The function cutput source im-
pedance is 5CQ.

3.11.3 Sync Outputs

Sync outputs of TTL and TTL square wave are provid-
ed, respectively, at the BNC's on the front and rear
panels. The sync signal is OV to approximately 3V
(TTL) from a 500 source. Sync outputs are in phase
with the main generator square wave ouiput only.
Other timing relationships are shown in Appendix D.

3.12 CLEAR ENTRY

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

3.13 RESET

The RESET key returns the 178 waveform parameters
io their power-on condition. The readout becomes
“RESET”. Significant parameters values and condi-
fions 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 unaitered.

3.14 DISPLAY TEST

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

3.15 STATUS

Pressing STATUS automatically displays the current
waveform generator status one parameter and value
at a time (ref: Appendix C). When STATUS is pressed a
gecond time the cycling immediately stops. The
parameiers can then be manually searched by using
the CURSOR {l or 1) keys (ref: table 2-3, steps 2
through 7}

3.16 GPIB

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

The GPIB interface is an implementation of IEEE Stan-
dard 488-1978. [t supports the following interface
functions: Source Handshake (SH1), Acceptor Hand-
shake (AH7), Talker (T6), Listener (L4), Service Re-
aguest (SR1), Remote Local (RL1), Device Ciear {DC1)
and Device Trigger (DT1), The taik capability allows a
device to send gata (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 signal lines:

DIO1 - DIOCS8 Data In/Out Lines
ATN Attention

REN Remote Enable
DAV Data Available
NRFD Not Ready For Data
NDAC Not Data Accepted
EOI £nd Or dentify
SRQ Service Reguest
IFC Interface Clear

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

2. ATN--This line (Attention) is operated only by
the controlier. It specifies whether the informa-
tion on lines DIOT - DIO8 is data (ATN falsejor a
command (ATN true). Whenever ATN is set true,
no activity is allowed on the bus except for
controller-originated messages; additicnally,
every device connected o the bus is required to
receive and process every command senf by the
coniroller.

3. REN-—This line {Remote Enable} controls
whether devices on the GPIB are in local or
remote modes. In local mode, devices respond
to front panel commands and do not respond 1o
GPIB originated commands. In remote mode,
the situation is reversed: GPIB originated com-
mands are obeyed, while front panel commands
are ignored. The 178 enters the remote state
when it receives #s listen address (ref:
paragraph 3.16.2.1) and REN is enabled. The
178 then stays in the remote mode until the REN
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line is put in the local state, a Go To Local (GTL)
command is received or the LOCAL front panel
key is pressed (ref: paragraph 3.16.2.4, item 4).

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

shake' lines {Data Valid, Not Ready For Data
and Not Data Accepted) which reguiate the
transmission of information over the lines DIO1
-DIC8. For each command or data byte trans-
ferred, a complete handshake cycle occcurs. This
handshake is designed to holdup the bus until
the slowest device has accepted the informa-
tion,

5. ECI—When ATN is false, EO! {End Or Identify)

indicates that the data on lines DIO1 - DIOS8 is
the tast byte of a data message. When the 178
receives a data byte with EOI true, the 178
automatically suppiies 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 EO| true.

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

178 and other devices on the bus 1o signai the
controtler that they request atiention. (Ref;
paragraph 3.16.5 for 178 Service Request
Enable.) Since the SRQ line is common to all
devices, additional iests must be made to deter-
mine which devices are signaling. The controller
performs a Serial Poll 1o accomptish this.

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

3.16.2 Commands

Commands are gent over lines DIOT - DIO8 with ATN
true. They are divided into five classes.

1. Listen Addresses

2. Taik Addresses

3. Secondary Addresses
4. Universal Commands

DCL—Davice Clear
SPE—Serial Poll Enable
SPD—=Serial Poll Disable
LLO—Local Lockout



5.  Addressed Commands

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

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

3.16.2.1 Listen Addresses

Listen addresses are used to command a device to
read any data byles transmitted over lines DIO1
-DIO8. There are 31 different available addresses
{hexadecimal codes 20 through 3E, ASCI| codes 8P
through >}. A 32nd address, called unlisten (hex-
adecimai 3F, ASCI 7}, 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 disptays the GPIB address
as a decimal device number followed by the ASCH
character listen and talk addresses.

3.16.2.2 Talk Address

Talk addresses are used to command a device to
transmit data over lines DIO1 - DIO8 whenever ATN is
false. There are 31 different available addresses (hex-
adecimal codes 40 through 5E, ASCH codes @
through 1). A 32nd address, called untalk {hex-
adecimal §F, 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 listen address is hexadecimal 21 (ASCIl 1), the
iaik address is hexadecimal 41 {ASCH A). Pressing
the front ADRS key dispiays the GPIB address as a
decimal device number followed by the ASCIH
character listen and talk addresses.

3.16.2.3 Secondary Address

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

3.16.2.4 Universal Commands

Universal commands are used o command a device
1o perform designated actions. Universal commands

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

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

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

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

4. Local Lockout (LLO)~Causes the GPIB inter-
face to enter a stale where the front panel
LOCAL key is inoperative, Once in this state, the
only way 1o take the interface out of it is to put
the REN line in the loca: state (ref: paragraph
3.16.1, item 3). Local lockout must be sent to the
178 o totally disable front pans! modification of
the state of the instrument.

3.16.2.5 Addressed Commands

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

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

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

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

3.16.3 Data Transfer

tn addition to accepting programming characters, the
178 will transmit status information over the bus. To
program the instrument, first send the listen address
(with ATN on), followed by the programming data (in
ASCH, with ATN off). The instrument microprocessor
accepts the data as fast as possible, until sither 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 accepts the next
64 character string. Whenever the microprocessor
finished scanning a string, it puts a display on the
front panet which reflects the state of input process-
ing at that point. If the EOI line is asserted while send-
ing a character to the 178, the currently programmed
terminator character will be put into the input string
foliowing the character with the EQI.

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 wili
then send the message currently selected by the Talk
Message Select (XT) setting. The last character of the
178's message will be the currently programmed
terminator character with the EO! line asserted.

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

N3O0 0N

3.16.5 Service Request Enable

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

0 SRQ off.

1 SRQ sent if a programming error occurred.
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3.16.6 End of String or Terminator Specification

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

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

At power on time, the EOS character is the line feed
control character, ASCH character LF {10:4). When
the 178 issues a talk message, the EOS character is
the last byte sent. In addition, the End Or identify
{EQCD line is pullsed fow (END message) during the
EOS character transmission. If the GPIB caontroller
does not look for the END message (EOI line low), and
it does not recognize the Line Feed (LF) as a string ter-
minator, a new EQS character will be needed. For ex-
ample, to change the EOS character from an LF to a
Carriage Return (CR), program XV13.

3.16.7 GET Mode

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

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

NOTE
Codes 1 and — 1 are applicable for Option
0071 (stored settings & through 245} only.

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



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

3.16.8 Local

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

3.16.9 Display

The single guote character (') is used to program a

string of characters to be displayed con the front panel
display. Program a single guote, the characters to be
displayed, followed either by another single quote or
by the terminator character. When the second quote
or the terminator is programmed, the first 20
characters programmed after the first quote are
displayed on the front panei If fewer than 20
characters are programmed, then blanks are added {0
fitl the dispiay.

Examples { A indicates a blank character)

Three programmaed inputs

‘20 CHARACTERLIMIT
‘THIS,STRING,.ISJOOLONG JO.DISPLAY,.ENTIRELY’

@

L {no characters in string)

The Resulting Displays

1. 20,CHARACTER, LIMIT, ,
2. THISSTRINGASTOO.L
3. {blank display)

3.17 PULSE OPERATION

Modei 178 is capable of continuous pulse operation at
frequencies up to 100 kHz. In this mode, the sweep
generator internally triggers the main generator. Pulse
period is set by programming sweep time to any value
between 10 us and 600 sec, with 4 digit or 10 us resolu-
tion {whichever is less). Pulse widih equals 1/2f, where
f equals the frequency of the main generator from 5
w5 to 500,000 sec, with 8 digit resolution. For pulse
operation, set up the Model 178 as follows:

Function: Sguare Wave
Main Mode: Triggered
Sweep Maode: Off

Extfint Trigger: internai

Sweep Time: Fuise Period

Frequency. Reciprocal of two times the
pulse width

Amplitude: Peak-to-peak pulse amplitude

Offset: As required 1o set pulse baseline
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