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WARRANTY

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

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

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

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

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

Exclusion of Other Warranties

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

Protect yourself. Follow these precautions:

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

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

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

Dol

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

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

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

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

Pay attention to the CAUTION statements. They pointout situations that can cause
equipment damags.

WARNING

This instrument normally contains a lithium battery. Whers lithium is
prohibited, such as aboard U.S. Navy ships, verity that the lithium battery
has been removed.

Do not racharge, short circuit, disassemble, or apply heat to the lithium
battery. Violating this rule could relsase potentially harmful lithium.
Obsarve polarity when you replace the battery.
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1.1 ABOUT THIS MANUAL

The Model 9120 MHz Synthesized Pulse/Function Gen-
erator Operator’s Manual provides information on how
to setup and use the Model 91.

General describes and lists the Model 91
specifications.

Section 1

Preparation describes instrument receiv-
ing and inspection, return for repair, initial
checkout including fuse and voltage se-
lection and turn on, error messages, and
functional check.

Section 2

Section 3 Operation describes instrument opera-
tion - local (front panel) and remote

(GPIB).

1.2 THE MODEL 91

The Model 91, 1mHz to 20 MHz programmable, Syn-
thesized Pulse/Function Generator, produces sine,
triangle, square, and pulse functions, plus dc. Func-
tions can be continuous, triggered, gated, burst, AM
(amplitude modulation), SCM (suppressed carrier
modulation), FM (frequency modulation) or sweep.
Balanced or unbalanced output is programmable from
1mV to 30 Vpp (into an open circuit) with selectable
output impedances.

As a pulse generator, the Model 91 produces single,
double, and delayed pulses to 50 MHz. In addition, the
Model 91 produces external width outputs as well as
square waves at 50% duty cycle to 100 MHz.

At frequencies above 20 Hz (all functions - Continuous,
AM, and SCM modes), the Model 91 phase locks its
function generator to its internal frequency synthesizer
(internal phase lock) improving the frequency accu-
racy to =(10 ppm). An opticnal frequency reference
(Option 001) improves the frequency accuracy to bet-
ter than 1ppm. Also, the Model 91 can phase lock to
an external source (same conditions as internal phase
lock). When locked to an external source, the phase of
the Model 91 output can be varied = 180°. In addition,
the internal frequency synthesizer acts as an accurate
internal trigger source for the trigger, gate, or burst
modes.

SECTION
GENERAL

1.3 FUNCTION GENERATOR SPECIFICATIONS

1.3.1 Non-Synthesized/Synthesized Frequency

Non- Synthesized Operation
1mHz to 19.99 Hz Continuous;
0.1 Hz to 19.99 Hz, AM and SCM;
1mHz to 20 MHz, Triggered, Gated, 3urst,
Sweep, or FM.

Synthesized operation
20 Hz to 20 MHz, Continuous, AM, and SCM.

1.3.2 Fraquency

1.3.2.1 Frequency Range

1mHz to 20 MHz;

20 Hz to 20 MHz, Synthesized;

1 mHz to 1MHz, 600Q Output Impedance (Balanced
and Unbalanced Qutputs).

1.3.2.2 Frequency Modulation and Sweep Ranges

Internally, the Model 91 operates using ten frequency
ranges. Inthe FM and Sweep modes, the frequency
limits must be kept within one of these ranges. The
following table lists the ten ranges and the maximum
frequency deviation (1000:1 or three decaces) allowec
for that range.

) FM/SWEEP RANGE
Normal Range Minimum Frequsncy
20 - 2.001 MHz 20k
2-0.2001 MHz 2kHz
200-20.01 kHz 200 Hz

20-2.001 kHz 20Hz

2-0.2001 kHz 2Hz

200- 20.01 Hz 0.2Hz

20-2.001 Hz 0.02 Hz

2-0.2001 H2 0.002 Hz

200 - 20mHz ! 2mHz
20 - 2mHz? 2mHz

! 100:1 or two dscaces only.

1 121 or one cecace only.

1.3.2.3 Frequency Resolution
5 digits, 20 Hz to 20 MHz;
4 digits, 1mHz to <19.99 Hz.
1.3.2.4 Frequency Accuracy

£10 ppm synthesized;
= 1ppm Option 001.



Nonsynthesizad frequency accuracy
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AN
ACCURACY
% OF SETTING)

ACCURACY SPECIFICATION APPLIES

1% 1% 10% 100%
(1000:1) (100:1) (10:1) (1:1)
FREQUENCY (% CF TOP OF SELECTED RANGE)

1.3.2.5 Stability

VS temperature;
=2 ppm/°C for synthesized 15°C to 25°C;
= 1ppm Option 001: 0°C to 50°C;
<100 ppm/°C for non-synthesized.

VS time:
=10 ppm/year for synthesized;
=1ppm/year Option 001;
£0.1% for non-synthesized within 10 minutes;
=0.5% for non-synthesized within 24 hours.

1.3.2.6 Synthesizer/Internal Lock

The Model 91 can be phase locked at frequencies
220 Hz (continuous, AM or SCM mode) to an internal
crystal referenced frequency synthesizer which im-
proves the generator's frequency accuracy and stabil-
ity. A front panel annunciator (UNLOCK) indicates
phase lock conditions.

1.3.2.7 External Lock

The Model 91 can be phase locked at frequencies
220 Hz (continuous, AM or SCM mode) to an external
phase lock signal. Model 91 measures the external
signal, sets the generator's frequency, and locks the
generator to the source. When external phase locked,
the external source controls the generator's frequency,
stability and purity.

Also, external phase lock permits programing the phase
angle relative to the positive-going zero crossing of the
external sine wave. Phase angle may be setfrom = 180°
(¢ = radians) with 1° resolution and, in the range of
50 Hzto 10 MHz, £(4°+20 ns) accuracy. Ifthe external
signal has dc offset, the Model 91 ignores the offset and
phase locks reference to the “0°" point on the external
sine wave.

1.3.3 Functions

1.3.3.1 Time Symmetry

When time symmetry is fixed at 50%, symmetry accu-
racy is <=(0.2%+5 ns).
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Time symmetry is variable from 5% to 95% in 1% steos
10 2 MHz. Variable symmetry linearly decreases to a
fixed 50% at 20 MHz. Accuracy is <2(1% + 5 ns).

1.3.3.2 Sine

Sine Distorzion at 10 Vpp into 509:
All outputs
<1% (-40 dB) THD 1mHz to 20 Hz:
<0.5% (-46 dB) THD 20 Hz to 100 kHz.

Unbalanced Output 50Q and 75Q, no harmonics
above:

-40 dBc, 100 kHz to 2MHz,

-30 dBc, 2MHz to 6MHz,

-25 dBc, 6MHz to 20 MHz.

1.3.3.3 Triangle

Triangle Linearity:

10% to 90% nonlinearity:
£1%, 1TmHz to 100 kHz;
£2%, 100 kHz to 2MHz;
+10%, 2MHz to SMHz.

1.3.3.4 Square

Square Transition Time:
The transition time (rise/fall) is <9ns, 10% to 90%,
Unbalanced Output into 50 Q impedance.
Aberrations:
Overshoot and ringing are <(5%+20 mV) of the
peak to peak amplitude.

1.3.3.5 dc Function

The dc function provides a variable dc voltage (£ 15V)
at the Unbalanced Output.
Range
£1mV to £7.5V terminated;
£2mV to =15V open circuit.
Resolution
4 digits; may be reduced if both offset and wave-
form amplitude are programmed.
Accuracy
=£(2%+1mV) to 9.99 mV terminated:
£(2%+2mV) to 999 mV terminated:
£(2%+10 mV) to 7.5V terminated.

1.3.4 Modes

1.3.4.1 Continuous

In this mode, the Model 91 supplies a continuous
waveform at the selected frequency. The unit automat-
ically selectsitsinternal synthesizer at frequencies ator
above 20 Hz. Display shows internal or external lock-
ing source selection and current frequency (pro-
grammed frequency if internal is selected, or external
frequency if external lock is selected).

- s
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1.3.4.2 Triggered

Inthis mode, the Model 91 remains quiescent at trigger
baseline of selected function until a trigger event oc-
curs (positive-going transition at the rear panel Trig In
connector, Manual Trigger, GPIB trigger command, or
internal trigger rate generator). This initiates a single
waveform or pulse period at the programmed fre-
quency and, after completing the waveform, returns the
generator to the guiescent baseline value ready for
anothertriggeringcycle. When square waves s20 MHz
are selected, there will be a 1/4 cycle delay between the
trigger input and the square wave output. Internal or
external phase lock is disabled in -2 triggered mode.
The external trigger frequency will be displayed each
time the TRIG FREQkey is pressed. The generator can
also be triggered using the internal trigger synthesizer.
Accuracy of triggered waveform period is <£3%.

1.3.4.3 Gated

In this mode, the Model 91 functions the same as the
Triggered mode, except the generator runs continu-
ously as long as the triggering signal is true. The
generator starts and stops in the quiescent state, and
the Model 91 always completes its last cycle. The
maximum generator frequency is limited to 20 MHz,
The minimum gating frequency is half the generator's
frequency. Internally gated waveforms have an ap-
proximate 1:1 on/off cycle. The display shows the
internal or external trigger source selection and, if
internal gated, the programmed internal triggering fre-
quency.

1.3.4.4 Burst

In this mode, the Model 91 functions the same as the
Triggered mode, except that the number of cycles
generated, when triggered, is programmable from 1 to
1,000,000. The generator starts and stops in the
quiescent state. The display shows internal or external
trigger source selection and the programmed burst
count. The maximum generator frequency in the Burst
mode is limited to 20 MHz. In external trigger, the
Model 91 displays the trigger frequency each time the
TRIG FREQ key is pressed.

1.3.4.5 Amplitude Modulation

In this mode, the Model 91 functions the same as the
continuous mode except an external signal atthe MOD IN
connector modulates the instantaneous amplitude of the
selected carrier. The output can be modulated from O to
100%. Average amplitude is as programmed except
signal level with no modulation is less than 7.5 Vpp. The
display shows the internal or locking source as well as the
programmed frequency. Minimum generater frequency
for the AM mode is 0.1 Hz.

1.3.4.6 Suppressed Carrier (SCM)

In this mode, the Model 91 functions the same as ~=
AM mode, exceptthe selected function (carrier) 's zero
amplitude until an external signal is applied. Minim_~
generator frequency forthe SCMmode is 0.1 Hz. T~rzs
selectable scale factors (Vout/Vin) determine tre cut-
put/input signal ratio. SCM can only be selected wrz-
the Continuous signal level is less than 7.5 Veg.

1.3.4.7 Frequency Modulation
Inthe FM mode, aninstantaneous signal at tre MCC .

Connecting a dc level to the MOD IN conrectcr sr *
the generator to a frequency based on the magniiLz
of the level. Connecting an ac signal to the MCC I\,
deviates the frequency of the generator aocout its ors-
grammed frequency. The Model 91 only can pe ‘rz-
quency modulated a maximum of three decades
(1000:1) on any of the ten ranges (see paragracr
1.3.2.2). Internal or external phase lock is nct setec:-
able in this mode. The display shows the scale fac:cr
(Hz/V) for the selected frequency range.

1.3.4.8 Sweep

In this mode, the Model 91 frequency can be swec:
between programmable start and stop freguencies.
The Model 91 sweeps up to three decades (1000:1) cr
any of the ten ranges (see paragraph 1.3.2.2). Tre
Model 91 provides three sweep modes: continucus
sweep, triggered sweep, or manual sweep. In additicr.
there are two sweep types: linear and lcgaritrmic.
Sweep time can be programmed from 100 ms to 1CCs.
Start/Stop frequency accuracies are <£3% within =
top decades, and on the lowest decade, the accuracy
varies linearly from £3% at 100:1 to £13% at 100:1.
Plus, sweep startand stop frequencies can be selec:sc
to allow sweep up and down of frequencies. All 5C%
symmetrical waveforms can be swept. In additicn.
pulses (20 MHz) can be swept.

1.3.5 Amplitude

1.3.5.1 Range

1mVpp to 'S5 Vpp terminated into selected cutcu:
impedance; 2mVpp to 30 Vpp into an open circuit. e
peak amplitude + offset must not exceed 7.5 Vp.

1.3.5.2 Resolution
4 Digits (1mV min):
2mVpp to 20 Vpp Open Circuit,
1mVpp to 10 Vpp Terminated;
4-1/2 Digits:
20 Vpp to 30 Vpp Open Circuit,
10 Vpp to 15 Vpp Terminated.

W



10 mV when using the Upper and Lover Level keys.
Resolution may be reduced when the waveform is
offset.

1.3.5.3 Accuracy

All functions at 1kHz, % of setting:
=(2%+1mV) to 100 mVpp terminated:
=(2% + 2mV) to 1Vpp terminated:
(2% + 10 mV) to 15 Vpp terminated.

1.3.5.4 Flatness

Relative to 1kHz:
Unbalanced 50Q
<2MHz
=0.3 dB, sine and square;
£0.5 dB, triangle.
2MHz to 20 MHz
£0.75 dB, sine and square;
=1.5 dB, triangle.
Balanced at 135Q (<3 feet of RG-58)
<100 kHz
£0.3 dB, sine.
100 kHz to 1MHz
=0.75 dB, sine.

1.3.6 Offset

Offset permits the selected waveform at the Unbal-
anced output to be dc offset relative to the OV baseline
or dc output of the dc function.

1.3.6.1 Range

=7.5V terminated;
=15V open circuit.
The peak amplitude + offset must not exceed 7.5 Vp.

1.3.6.2 Rasolution

4 digits; may be reduced if both offset and waveform
ampiitude are programmed.

1.3.6.3 Accuracy

(2% +1mV) to 9.99 mV terminated;
=(2%+2mV) to 999 mV terminated:
£(2%+10 mV) to 7.5V terminated.

1.3.7 Outputs

1.3.7.1 Sync Out

Sync Out is a female BNC connector which supplies a
TTL compatible pulse output at programmed frequency
and symmetry in phase with the square function. Out-
put level is 0 to <2V into 50Q termination. The 10% to
90% transition times are less than 6ns (=3 feet RG-58).
To minimize sync delay, always select Front Sync while
using the function generator. This output must be
terminated with 50Q.

1.3.7.2 Sweep Out

Sweep Out is a female BNC connector, which supplies
a 0 to +6V (approximate) ramp to indicate sweep
position. Source impedance is 600Q (= 10%). Inactive
when not in Sweep Mode.

1.3.7.3 Unbalanced Qut

The unbalanced output, a female BNC connector.
provides the single-ended source of programmed func-
tion at selected frequency, amplitude, symmetry, and
offset. Source impedance is 600Q = 1% to 1MHz: 50Q
or75Q = 1% to 20 MHz. Unbalanced outputis unavail-
able when the balanced output is selected. The
Model 91 limits the Unbalanced Output frequency to
20 MHz. This output is protected from over voltages.

1.3.7.4 Balanced

Balanced outputs, dual “banana jack” connectors,
provide differential zero offset outputs of the selected
function at programmed frequency, amplitude and
symmetry. A universal binding post is provided for
signal common “center tap" connection. Source im-
pedanceis programmable as 135Q = 1% or600Q = 1%
to 1MHz. Qutput unbalance is <1% to 100 kHz. Bal-
anced output is unavailable when the unbalanced
output is selected. This output is protected from short
circuits and over voltages.

1.3.8 Inputs

1.3.8.1 External Fraquency Input

In phase lock, EXT FREQ IN accepts the signal that
phase locks the Model 91 to the external source. The
Model 91 measures the frequency, sets the unit to
match the source frequency, and phase locks the
generator to the source. This external frequency may
be read by pressing the TRIG FREQ key. Model 91
phase lockrangeis 20 Hz to 20 MHz in the Continuous,
AM or SCM modes. The input signal may be a bipolar
sine wave (600 mVpp to 30 Vpp into 10kQ) or TTL
signal which is selected by an internal jumper (para-
graph 2.4.6). Inputimpedanceis 10 kQ +2%. This input
is protected by it high impedance input.

1.3.8.2 Modulation Input

MOD IN, a female BNC connector, serves as the
modulation input for FM (VCG), AM, and SCM. Input
impedance is 10 kQ £2%. Bandwidth is dc to 1MHz.
Maximum input level is £20 Vpp (into 10 kQ).

FM

In FM, an external signal provides linear control of
waveform frequency around the programmed fre-

-
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quency. A =10V input signal causes a 1000:1 fre-
quency change (selected frequency range is the top
decade in a possible three decade frequency span).
An ac signal varies the frequency around the pro-
grammed frequency. A dc level sets the generator to
a single frequency. VCG bandwidth is dc to 100 kHz
limited by 0.06 V/us maximum slew rate. FM bandwidth
is dcto 100 kHz deviation rate; with maximum envelope
distortion of 1.78% (-35 dB) taken with 10 MHz carrier
frequency, 1tkHzmodulation frequency and 1MHz (10%)
depth (sine wave modulation).

AM

In the AM mode, an external signal provides linear
control of waveform amplitude around the programmed
amplitude value. Displayed amplitude dependentscale
factor specifies approximate Vpp (into 10 kQ) required
for 100% modulation. AM bandwidth is dc to 1MHz;
with @ maximum envelope distortion of 2% taken with
1MHz carrier frequency, 1kHz modulation frequency
and 70% AM (sine wave modulation).

SCM

In the SCM mode, an external signal linearly controls
the waveform's amplitude about the zero carrier level.
The Model 91 displays a scale factor (2.4V/V, 0.24 V/V,
or0.024 V/V) which defines the amount of Mod In signall
level to produce a SCM output level. SCM bandwidth
is dc to 1MHz. Maximum envelope distortion is 2%
(1MHz carrier and 1kHz modulation).

1.3.8.3 Trigger Input

Trig In, a rear panel BNC connector, serves as the
external trigger input for both the function and pulse
generator. The generator triggers from greater than
500 mVpp bipolar or TTL signal. Input impedance is
1kQ shunted by <10 pF. The input is protected up to
=15 Vdc. The Model 91 triggers on either the positive or
negative slope (selectable) of the input signal. Also, it
permits the triggering level to be within£5 Vdc (100 mV
resolution). Trigger level accuracy is £(5%+250 mV).

1.4 PULSE GENERATOR

1.4.1 Period/Frequency

1mHz to 50 MHz for puises, 1mHz to 100 MHz (1000s
to 10 ns) for square pulises at the rear panel Pulse
Outputs. 20 Hz to 100 MHz synthesized. Above 20 MHz
continuous and triggered modes only.

1.4.1.1 Resolution

5 digits, 1mHz to 50.000 MHz;
4-1/2 digits, 50.002 to 100 MHz (2kHz minimum resoicticr).

1.4.1.2 Accuracy

Same as Function Generator: Accuracy; see para-
graph 1.3.2.3.

1.4.1.3 Stability

Same as Function Generator: Stability; see paragrapn
1.3.2.4.

1.4.1.4 Synthesizer/Internal Phase Lock

Same as Function Generator: Synthesizer/Internal Pras=
Lock; see paragraph 1.3.2.5.

1.4.1.5 External Phass Lock

Same as Function Generator: External Phase Lock; ses
paragraph 1.3.2.6.

1.4.2 Functions

1.4.2.1 Single Pulss

In this mode, the Model 91 produces one pulse eacn
pulse period with variable pulse width. The single pulse
is coincident with the puise sync output. Pulse repeti-
tion rate up to 50 MHz at rear panel pulse outputs anc
20 MHz at front panel outputs.

1.4.2.2 Delayed Pulss

In this mode, the Model 91 procduces one puise eacn
pulse period delayed (variable) relative to the pulse
sync output. Like the single pulse, the delayed pulse
has variable pulse width. Pulse repetition rate up w0
50 MHz atrear panel pulse outputs and 20 MHz atfron:
panel outputs.

1.4.2.3 Doublse Puise

[n this mode, the Model 91 produces one pair of pulses
each pulse period. Both pulses have the same variable
pulse width. The position of the second pulse is set by
using delay. The first pulse is coincident with the puise
sync output, Pulse repetition rate up to 25 MHz at rear
panel pulse outputs and 20 MHz at front panel outputs.

1.4.2.4 External Width

Qutput pulse period and width determined 2y the
external trigger signal. The setup of trigger level anc
slope determines the shape of the external width pulse.
When using the front panel outputs, the external width
frequency range is dc to 20 MHz. When using the rear
panel output, the external width frequency range is dc
to 50 MHz.
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1.4.3 Pulse Width

1.4.3.1 Range

10 ns to 2000s.

1.4.3.2 Resolution

4 digits, limited to 100 ps.
1.4.3.3 Accuracy
=(1.0%+5ns).

1.4.3.4 litter
£(0.050%+100 ps).
1.4.3.5 Duty Cycle

Maximum duty cycle is 70% of periods down to 50 ns,
decreasing to 25% at 20 ns period.

1.4.4 Pulse Delay

1.4.4.1 Range
O ns to 2000 s.

1.4.4.2 Resolution

4 digits, limited to 100 ps.
1.4.4.3 Accuracy
£(1.0%+5ns).

1.4.4.4 litter
=(0.05%+100 ps).

1.4.4.5 Duty Cycls

Maximum duty cycle is 70% of periods down to 50 ns,
decreasing to 25% at 20 ns period.

1.4.5 Pulse Timing Definitions

t0 = Trigger Input

t1 = Sync Qutput

t2 = Pulse Output

(t1-t0) = <45 nsfor the rear sync output; <90 ns for front
sync output.

(t2-t1) = Programmable Delay

1.4.6 Modes

Continuous, Triggered, Gated, Burst, Amplitude Modu-
lation, Suppressed Carrier (SCM), Frequency Modula-
tion, and Sweep are the same as Function Generator
Modes except continuous which operates up to 100
MHz, and triggered which operates to 50 MHz.

1.4.7 Amplitude

Amplitude specifications are the same as Function
Generator: Amplitude. When front panel outputs, vary-
ing the amplitude affects the puise's programmed
upper and lower levels.
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1.4.8 Offsat

Offset specifications are the same as Function Genera-
tor: Offset. Varying the offset affects the pulse's pro-
grammed upper and lower level,

1.4.9 Upper and Lowsr Lavals

1.4.9.1 Unbalanced/Balancad Outputs

When using pulse functions, the output levels can be
set using upper and lower level. Upper level range is
-6.499 to +7.5V and must be more positive than the
lower level. Lower level range is -7.5 to +6.499V and
must be more negative than the upper level. Varying
the upper and lower levels affects the programmed
amplitude and offset.

1.4.9.2 Puiss Outputs

See Pulse /Pulse Complement Outputs. The Mode! 91
permits the setting of custom upper and lower levels:
Upper Level -1.4t0 +4.2V
Lower Level -1.8to +3.8V
The upper level must be more positive (>0.4V) than the
lower level. Custom level resolution is 100 mV.

1.4.10 Outputs

1.4.10.1 Sync Out

The Sync Out signal for the pulse generator occurs at
the 50% point on the lead edge of the internal sync
signal (t1). In external width, the Sync Out signal is a
TTL representation of the external width trigger signal.
Sync Out amplitude is 0 to >2V in to 50Q termination.
Transition time is <6 ns (s3 feet of RG 58). This
connector must be terminated with S0Q. Use the SYNC
key to select either SYNC FRONT or SYNC REAR
depending on the output used.

1.4.10.2 Sweep Out

Same as Function Generator: Sweep Out; see para-
graph 1.3.7.2.

1.4.10.3 Unbalanced Out

Same as Function Generator: Unbalanced Out: see
paragraph 1.3.7.3.

1.4.10.4 Balanced

Same as Function Generator: Balanced QOut: see para-
graph 1.3.7.4.

1.4.10.5 Pulse/Pulse Complement Out

These rear panel pulse output BNC connectors provide
the selected pulse outputs at four fixed levels and one
custom level. Pulses Outputs can be either TTL, CMOS,
+ECL, -ECL, or Custom. Pulse and Pulse Out source
impedance is 50Q. The Pulse Complement Output
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supplies the inverse of the Pulse Output pulse. Be-
tween 50 and 100 MHz, the Model 91 limits the puise
outputsto 2.5 Vpo. Followingis alist of programmable
levels (specified into 50Q termination).

Logic Selection Upper Level Lower Level
TTL +2.5V oV
CMOS +4V ov
+ECL’ +4.1V +3.2V
-ECL? -0.9v -1.8v
Custom? -1.4t0 +4.2V -1.8t0 +3.8V
Vee = +5V, Ves = QV.
2 Vec =0V, Ves = -5.2V.
3 Upper Level <0.4V<Lower Lavel.

Termination
50Q termination
Source Impedancs
25Q
Protection
These outputs are momentarily protected to £15 Vdc.
Accuracy

£(2%+50 mV)
Perturbations
TTL 0.25Vv
CMOS 0.19Vv
+ECL 0.36V
-ECL 0.36V
Rise/Fall Time
TTL 3.75ns
CMOS 5ns
+ECL 3.5ns
-ECL 3.5ns
Custom 2.5 ns+1.75 ns/V (>1V output)
Skew
<1.5ns.
1.4.11 Inputs

1.4.11.1 External Frequency Input

External Freguency Input function the same as de-
scribed in Function Generator: External Frequency
Input.

1.4.11.2 Modulation Input

Modulation Input functions the same as described in
Function Generator: Modulation Input.

1.4.11.3 Trigger Input

Trigger Input functions the same as described in Func-
tion Generator: Trigger Input. In the External Wictn
function, the trigger signal duration and rate set tre
pulse width and repetition rate.

1.5 USER INTERFACE

1.5.1 Display

The Model 91 contains a 16 digit, Vacuum Florescen:
Display (VFD). Display intensity is adjustabie between
1 and 31 (relative units) with 25 being the defau:
intensity. All selectable parameters display the param-
eter name, the numeric value and the unit. In aacizicn.
the display shows GPIB messages, various utiiities.
maintenance and diagnostic information.

1.5.2 GPIB Programming

1.5.2.1 Address

Valid GPIB addresses for the Model 91 are 0-30 (de-
fault address is 9), front panel selectable and battery
backed-up.

1.5.2.2 Subssts

SH1, AH1, SR1, RL1, PPQ, DC1, DTO, CO, T6, L4, TEO.
LEO, and E1.

1.6 STORED SETTINGS

The Model 81 permits up to five complete setups tc ce
stored in its internal memory. These settings can be
recalled and used at any time.

1.7 OPTIONS

1.7.1 001: Frequancy Reference

This option improves the reference frequency from an
adjustable crystalto an adjustable TCXOwitha =1 ppm
performance over the operating temperature range. A
rear panel EXT REF IN connector accepts TTL cr
Bipolar sine wave (>500 mVpp at 10 MHz) reference
input. The REF QUT connector provides TTL compat-
ible 10 MHz pulses capable of driving a 50Q termina-
tion.

1.7.2 003: Handles and Rack Adapter

This option consists of a pair of handles and rack
adapters that attach to the left and right sides of the
Model 91. The rack adapters allow the instrumentto be
mounted in a standard 19inch rack. Alsoincluded are
a pair of handles which may be installed in place of the
existing front panel corner pieces.



1.7.3 004: Sarvice Kit

This option supplies a set of extender cards which
provide access to the plug-in boards during mainte-
nance. Thisoption alsoincludes ateperature-stablizing
calicration cover.

1.8 GENERAL
1.8.1 Physical Specifications

1.8.1.1 Dimensions

35.6cm(14in.)wide, 13.3cm(5.219in.) high and 43.2
cm(17in.) deep.

1.8.1.2 Weight

Approximately 10.0 kg (22 Ib.) net; 14.1 kg (31 Ib.)
shipping.

1.8.1.3 Power

90 to 108, 108 to 126, 198 to 231, or 216 to 252 Vrms;
48 to 440 Hz; 1 phase; <130 VA.

1.8.2 Environmental Specifications

The Mode! 91 conforms to MIL-T-28800C, class 5.

1.8.2.1 Temperaturs Range

0°C to +50°C for operation:
-40°C to +70°C for storage.

1.8.2.2 Warm Up Time

Allow 20 minutes for specified operation at ambient
temperature of last Auto Cal = 10°C. Auto Cal should be
performed whenthe ambienttemperature has changed
>+ 10°C.

1.8.2.3 Operational Humidity

11°C to 30°C at 95% relative humidity;
31°C to 40°C at 75% relative humidity:
41°C t0 50°C at 45% relative humidity.

1.8.2.4 Altitude

To 10,000 ft. (3050m.) for operation:

To 15,000 ft. (4570m.) for non-operating.

1.8.2.5 Vibration (Operating)

Vibration level of 0.013 in. from 5 to 55 Hz (2g accelera-
tion at 55 Hz.).

1.8.2.6 Shock (Non-operating)

40g, 9ms halif-sine wave.

1.8.2.7 Bench Handling (Operating)

4 in. or point of balance drop, any face, solid wooden
surface.

1.8.2.8 Electromagnatic Compatibility

The Model 91 has been tested to MIL-STD-461A Notice
4 (EL) and meets the emission and susceptibility re-
quirements of CE02, CE04, CS02, CS06, RE02, RE02.1,
and RS03. Excluding REO1 line and related harmonics
up to 7th harmonics.



This section contains the following topics:
Receiving and Inspecting

Shicments Paragraph 2.1
Returning Equipment

For Repair Paragraph 2.2
Preparation For Storage

or Shipment Paragraph 2.3

Preparation For Use
Functional Checkout Paragraph 2.5
Routine Maintenance Paragraph 2.6

2.1 RECEIVING AND INSPECTING SHIPMENTS

Use the following stepstoinspect a shipment of Wavetek
equipment.

Paragraph 2.4

1. Inspect the shipment. Before unpacking the
instrument, the receiving clerk should check the
shioment for missing boxes, inspect each box for
damage, and if necessary, have the driver de-
scribe the box damage and list shortages on the
delivery bill. If you find unreported shortages or
damage, notify the shipper before further un-
packing.

2. Afterunpacking the boxes. Save all of the pack-
ing material.

3. Inspect the equipment for damage. Inspect it
carefully, regardless of the condition of the ship-
ping boxes.

4, If necessary, file a damage claim. |f any damage
is found, call the shipper immediately (within 10
days) and start the claim process.

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

2.2 RETURNING EQUIPMENT FOR REPAIR

Use the following steps when returning Wavetek

equipment to Wavetek for repair.

1. Save the packing material. Always return the
equipment to Wavetek in its original packing
material and boxes. If you use inadequate pack-

SECTION
PREPARATION

ing material, you will have to pay to repair any
shipping damage as carriers will not pay claims
on incorrectly packed equipment.

2. Call Wavetek for a Return Authorization.
Wavetek's customer service representative will
ask for the name of the person returning the
equipment, telephone number, company name,
equipment type and serial number, and a de-
scription of the problem.

2.3 PREPARATION FOR STORAGE OR SHIPMENT

2.3.1 Packaging

If possible, always use the original shipping container.
However, when using packing materials other than the
original, use the following guidelines:

Wrap the Model 91 in plastic packing material.
Use a double-walled cardboard shipping con-
tainer.

Protect all sides with shock absorbing material
(minimum of 2 inch thick material) to prevent
movement of the Model 91 within the container.
Seal the shipping container with approved seal-
ing tape.

Mark “FRAGILE" on all sides, top, and bottom of
the shipping container.

2.3.2 Storage

The Model 91 should be stored in a clean, dry environ-
ment. In high humidity environments, protect the
Model 91 from temperature variations that could cause
internal condensation. The following environmental
conditions apply to both shipping and storage:

—40°C to +70°C
(sealevel) Lessthan
95% at +25°C.

Temperature
Relative Humidity

Altitude Less 15,000 feet (4570
meters).

Vibration Less than 2g.

Shock Less than 40g.

n
.



2.4 PREPARATION FOR USE

Paragrapn 2.4 covers the following topics
Power and Fuse Selection
Installation
[nitial turn
Power ON,
Maintenance and Error codes,
AutoCal and Calibration Procedure.

2.4.1 Power and Fuse Selection

NOTE
Unless otherwise specified at the
time of purchase, this instrument was
shipped from the factory with the
power transformer connected for
operation on 108 to 126 Vac line with
a 1.5 amp fuse.

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

Figure 2-1. Voltage Selector and Fuse

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

2. Read the voitage on the voltage selection printed -

circuit card inside the power/fuse case. Leave
the card installed if the number matches the
voltage needed (seethe tabie below). Tochange
to a different voltage, pull the card and reinsert it
as shown in figure 2-1.

Card input Vac Fuse
Position
100 90 to 105 1.5A, 250 Vac, Slo Blo

120 108 to 126 1.5A, 250 Vag, Slo Blo
220 198 to 231 3/4A, 250 Vac, Slo Blo
240 216 to 252 3/4A, 250 Vac, Slo Blo

2-2

v

3. Compare the ampere rating on the fuse to the
ampere ratings given in the previous tabie for the
range of input voitages. If the fuse has the right
rating, keep it. If the fuse has the wrong rating,
replace it.

4, Rotate the fuse pull lever back into the normal
position, insert the correct fuse, and close the
cover door.

5. Connectthe ac line cord to the mating connector
at the rear of the unit and power source.

2.4.2 Installation

The Model 91 is primarily for bench use. For operating
convenience, the Model 91 has a bail that can be
adjusted to elevated the instrument.

Also, the Model 91 can be rack mounted using the two
mounting ears which are available as accessories. To
install the mounting ears, remove the two handle screws
(each side)install the ears along with the handles using
the longer screws supplied with the ears.

2.4.3 Initial Turn On

WARNING
The Model 91 is equipped with a three-
wire power cable. When connected to a
grounded AC power receptacle, this cable
grounds the Instrument front panel and
cabinet. Do not use extension cords or AC
adapters without a ground.

WARNING
This instrument uses Internal batteries
that contain more than 0.2 grams of
Lithium. Do not charge or short this bat-
tery. A hazard of explosion and or con-
tamination exists.

NOTE
The numbers in parenthesis used in
the following paragraphs refer to those
items described in table 3-1 and illus-
trated in figure 3-1.

1. Verify that only the power cable is connected to
the Model 91. All other cables should be discon-
nected.

2.  Setthe 'POWER" On/Off switch ( 1) from Off to On.

When power is first applied, the Model 91 per-
forms a Self-Test which checks the internal bat-
tery, Motherboard memory and storage memory.



Table 2-1. Maintenance Messages and Error Codes.

Display Probable Corractive
Cause Action
Err XXXXXXXXX Improper self- Press "POWER" switch OFF and then ON. If identical faiiure
check/unit error is displayed, refer to section 6 (Maintenance)
of the Model 91 Maintenance Manual. |f a different
error is displayed, press the Calibrate key again.
If "WAVETEK Model 91" is displayed, the unit is
operational.
Low batt Internal Unit is available for immediate
X. XXX V battery operation. Refer to section 6 for battery
voltage low. replacement.
Cal Required Internal Unit has lost its calibration data but can be used tempcrarily
battery dead. after performing and passing AutoCal. Instrument
may not meet all specifications.
If there are Self-test errors they will be displayed; TIME 1s Sweep time
see table 2-1. If the unit passes Self-test, it will SHIFT - SYMMETRY 50%
display the words "WAVETEK MODEL 91", TRIG FREQ 100 Hz
3. Press the SHIFT key and then the RESET ALL key TR'%SS;EJ fevel oV
(2). Verify the following front panel conditions Trigger Slope Positive
exist by pressing the key and viewing the display Trigger Source Internal Trigger
or annunciator: UPPER LVL 5V
AMPLITUDE SVpp SHIFT - UPPER LVL Custom 1V
SHIFT -BURSTCOUNT 5 WIDTH 500 ns
DELAY 1us
DISPLAY 25 4, If all above conditions are correct, the sigrai
FREQ/PER 1kHz generator is ready for operation. If a condition ‘s
FUNCTION Sine Indicator Lit incorrect, notify your maintenance decarmentcr
KNOB ENABLE indicator on return the instrument to Wavetek for reoair.
PU‘-EE SETUP Normal 2.4.4 AutoCal and Calibration Procadure
legslg 7L The Model 91 prpvides two levels of calibration: Auto-
Rear Outputs Off Cal and Calibration Procedure.
LIN/LOG Linear Sweep AutoCal (automatic calibration) provides a quick methed
LOCK SOURCE Internal Lock of calibrating the Model 91 without using external test
LOWER LVL -5V equipment. AutoCal automatically sets up the instru-
SHIFT - LOWER LVL CUSTOM: Qv . ment and takes internal measurements using internal
MODE Continuous (Indicator Lit) standards. The Model 91 calculates correction values
OFFSET Qv . based on the measurements and stores those values in
ON/OFF Qutput Off (50Q indicator memory. These correction values are recalled frem
flashes) memory when the unit is powered up. Use AutcCal
PHASE 0° when Model 91 accuracy is critical, after iong ‘erm
SHIFT - RECALL Last stored setting instrument storage, following drastic changes in the
SHIFT - SELECT 50Q, Unbalanced environment, or when the operator believes AutoCal is
SHIFT - STORE Last stored setting necessary.
SWEEP MODE Continuous Sweep CAUTION
Sweep Start 1kHz Remove all cables from the Modei 91
Sweep Stop 10 kHz during AutoCal otherwise the AutoCal
SYNC SYNC REAR circuitry could significantly alter the

calibration of the instrument.

ny
f

)



fter the Model 91 has warmed up for at least 20 min-
utes, perform the following steps:

1. Press the "SHIFT" and then the "CALIBRATE"
keys. The display shows the words CALIBRAT-
ING. Ifthe CALIBRATE key is pressed before the
20 minute warmup time has elapsed, the display
shows the time until the AutoCal starts.

2. Atthe end of the AutoCal cycle the display will
show "AUTOCALIBRATED" if the cycle if suc-
cessful. If there are errors the display will show
them. See section 6 of the Model 91 Maintenance
Manual for a listing of those errors.

The Calibration Procedure provides a more extensive
method of calibrating the Model 91 using external test
equipment. The Calibration Procedure requires open-
ing the instrument and making adjustments. Use the
Calibration Procedure when the Model 91 displays
"CAL REQUIRED" or “ERR XXXXXXXX", when the
Model 91 has been repaired, or when routine calibra-
tion is scheduled. Typically, the Model 91 calibration
cycle is one year; section 5 of the Model 91 Mainte-
nance Manual describes the Calibration Procedure.

2.4.5 Maintenance Messages and Error Codes

Some internal circuit failures cause maintenance mes-
sages or error codes to appear in the display. Seetable
2-1 for a list of possible maintenance messages/error
codes and probable cause.

2.4.68 Lock Source Salsction

The Model 91 allows the selection of either a TTL or
bipolarexternal lock source. Wavetek ships the Model 91
configured for Bipolar, external lock source.

To reconfigure the lock source,
1. Disconnect the power from the Model 91.

2. Turn the Model 91 bottom side up.

3. Remove bottom cover by removing the three
screws. Slide the cover back.

4, Change the jumper as shown in figure 2-2.

5. Replace the bottom cover, and secure it using
the three screws.

Note
Changing the trigger selection jumper
does not affect the unit's calibration.

2.5 FUNCTIONAL CHECKOUT

The functional checkout provides a quick method of
verifying the operation of the Model 91. The only test
equipment required to perform this checkout will be a
signal source (Wavetek Model 90 or equivalent), an
oscilloscope (Tektronix 2445 - dual channel or equiva-
lent), and the appropriate cables and loads. The
(numbers) in the checkout refer to items in figure 3-1
(located at the end of section 3) and table 3-1; for more

JUM‘PER FRONT OF UNIT
/[
w1 Jf EQRBIPOLAR.  EQRTIL.
1 PLACE JUMPER PLACE JUMPER
2 BETWEENPINS 1 BETWEEN PINS 2
3 AND 2 (AS AND 3.
SHOWN).
\ =
e — I
S
REMOVE THREE BOTTOM COVER SCREWS.
~ REAR OF UNIT

Figure 2-2. Trigger Source Selection
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Figure 2-3. Function Checkout Interconnection

infcrmation on the operation of the keys and connectors
refer to section 3. This procedure is designed to be
performedin sequencefromstep 1-FUNCTION CHECK
to step 28 - PULSE QUTPUTS. Atthe beginning of each
check is a figure reference for that Check.

FUNCTION CHECK

Connect the Model 91 to the oscilloscope; see figure

2-3.

1. After connecting the power cable, press the
"POWER" switch (1) to turn the Model 91 on.
After Self-test the display shows the words:
WAVETEK MODEL 91. The Function Qutput will
be off. Terminate the UNBALANCED output
(38) with a 50Q termination.

2 Press "SHIFT"key (37) and “RESET ALL" key (2).
Press the "ON/OFF" (36) key to turn on the
output. The scope displays 1kHz, SVpp sine
wave.

3. Pressthe "FUNCTION" key ( 18) to step through
the triangle and square waveforms, and dc.
Verify the scope displays a triangle and square
waveforms, plus a dc level. Press the "FUNC-
TION" key to return to the sine function.

FREQUENCY CHECK

Connect the Model 91 to the oscilloscope; see figure
2-3.
4.  Press the "FREQ/PER" key (4).

5. Press the *KNOB"* key (39) and then rotate the
Knob (47) CW; observe the frequency increas-
ing. Rotate the Knob CCW; cbserve the fre-
guency decreasing.

6. Using the Keypad (39) press 5", "EXP", "4", and
"ENTER" keys; observe the display shows the
words: FREQ 50 kHz.

AMPLITUDE CHECK
Connect the Model 91 to the oscilloscope; see figure 2-3.

7.
8

Press the "AMPLITUDE" key ().

Press the "KNOB" key (39) and then rotate tne
Knob (47) CW: observe the amplitudeincreases.

Rotate the Knob CCW:; observe the ampilitude
decreases.

Using the Keypad (39) press “5" and "ENTER"
keys; observe the display shows the words:
AMPL SVpp.

TRIGGER MODE CHECK

Connect the Model 91 to the oscilloscope and signal
source; see figure 2-4.

10.

11.

Press the "MODE" key (22) until the TRIG indica-
tor (23) lights.

The internal trigger source is the default - trigger
frequency is 100 Hz. Scope displays a 50 kHz
sine wave triggered at a 100 Hz rate.

To select the External Trigger Source, press the
‘TRIG SETUP" key (24) until SOURCE INT (0Q)
appears on the display. Rotate the Knob until
SOURCE EXT (1) appears. Set the external
signal source to 100 Hz, 1Vpp square wave.
Connect the signal source to the rear panel
TRIG IN(C) connector of the Model 31 as shown
in figure 2-4. Sync the scope from the signal
source

GATE MODE CHECK

Connect the Model 91 to the oscilloscope and signal
source; see figure 2-4.

12.

Press the "MODE" key (22) and select the Gate
mode (unitdisplays the words MODE EXT. GATEZ)
- GATE indicator (23) lights.

(§9]
‘
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MODEL 91 SCOPE
SIGNAL
SOURCE BALANCED
O 00 TRIGIN INPUT
OUTPUT UNBALANCED o) o)
/ l TERMINATION

TRIG /

IN
(REAR PANEL)

Figure 2-4. Trigger, Gate, and Burst Modes Check

Scope displays a gated output as long as the
trigger signal remains within the set trigger level
and slope.

BURST MODE CHECK

Connect the Model 91 to the oscilloscope and signal

source; see figure 2-4.

13.  Press the "MODE" key (22) and select the Burst
mode (MODE EXT. BURST displayed) - BURST
indicator (23) lights.

Press "SHIFT" and thenthe "BURST COUNT" key
(24). Press the KNOB key (39) and then use the
Knob (417) to change the count from 5 to 2.

Scope displays a burst of two sine waves.

AMPLITUDE MODULATION MODE CHECK

Connect the Model 91 to the oscilloscope and signal

source; see figure 2-5.

14, Press the "MODE" key (22) and select the AM
mode - AM indicator (23) lights. The unit dis-
plays the words: MODE AM 2V=F.S. If not,
press the "LOCK SOURCE" key (77) until
EXTLOCK is displayed. Connect the signal
source to the MOD IN connector (30). Set the

signal source to 100 Hz, 1Vpp sine wave; trig-
ger the scope from the signal source.

Scope displays an Amplitude Modulated signal.

SUPPRESSED CARRIER MODULATION MODE CHECK

Connect the Model 91 to the oscilloscope and signal

source; see figure 2-5.

158.  Press the "MODE" key (22) and select the SCM
mode - SCM indicator (23) lights. Also, the
display shows the words: MODE SCM 2.4 V/V.

Scope displays a SCM (double side-band) signal.

FREQUENCY MODULATION MODE CHECK

Connect the Model 91 to the oscilloscope and signal

source; see figure 2-5.

16. Press the "MODE" key (22) and select the FM
mode - FM indicator (23) lights. Alsothe display
shows the words: MODE FM .

Scope displays a Frequency Modulated signal.

SWEEP MODE CHECK

Connect the Model 91 to the oscilloscope and signal
source; see figure 2-6.
17. Pressthe *"MODE'key (22) and selectthe Sweep

MODEL 91 SCOPE D
SIGNAL
SOURCE M,%D BALANCED
@) Q @ 0O TRIG IN INPUT
OUTPUT UNBALANCED Q

}I)

TERMINATION

Figure 2-5. Modulation Setup
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MODEL 91 SCOPE D
0 Q TRIG IN
SWEEP OUT| UNBALANCED 0O O INPUT
L el
/
TERMINATION

Figure 2-6. Swaep Mode Satup

mode - SWEEP indicator (23) lights, and the unit
displays the words START 1 KHZ. Use the
Keypadtoenter 200 Hz. Pressthe"2", "EXP"*, 2",
and "ENTER" keys. Display shows the words:
START 200 HZ.

Now, press the "SWEEP MODE" key (26) and
display shows the words: STOP 10 KHZ.

Once more, press the "SWEEP MODE" key (26)
and the display shows the words: CONTINU-
OUS SWEEP.

Select external trigger on the scope. Scope dis-
plays 200 Hz to 10 kHz sweep at a 1 second rate.

PHASE SHIFT CHECK

Connect the Model 91 to the oscilloscope and signal

source; see figure 2-7.

EXT FREQ IN connector (12) causes the ©UN-
LOCK indicator (9) to go out. The Mocei 21
displays EXTLOCK 2 KHZ (approximate vaiue).
Trigger the scope fromthe signal source (Chan 1
on the scope).

Press the "PHASE" key (8) and verify the display
shows the words: PHASE 0 DEG. Set the scope
to display both channels. Align the displayed
waveforms until both channels are in phase.

Using the Keypad (39), press "1°, "8°, '0°, and
"ENTER" keys to set the phase shift to 180°.
Observe the waveforms on the scope 180° out
of phase with each other.

BALANCED OUTPUT

Connect the Model 91 to the oscilloscope and signal
source; see figure 2-8

18.  Press the 'MODE' key (22) and selectthe con- 19, Pressthe 'SHIFT" (31) and "RESET ALL" (2) <eys
tinuous mode - CONT indicator (23) lights. to set the Model 91 to its default conditions.
Press the "LOCK SOURCE” key (17) until the - 50, press the *SHIFT" (37) key and "SELECT" (36)
words EXLOCK < 20 HZ are displayed (exter- keys until both the 600Q and BAL indicators (37)
nal source). .The EXT indicator (10) lights and flash. Next, press the ON/OFF key (36) toturn on
UNLOCK indicator (9) flashes. the balanced output; the 600Q and BAL indica-
Set the signal source 2kHz, 5Vpp sine wave. tors light.

Connecting the signal source output to the 21. Press the "AMPLITUDE" key (5), and use the
SCOPE
MODEL 91
SIGNAL
SOURCE EXT FREQ IN UNBALANCED
Q o Q CH 1 CH2
OUTPUT 0] ﬁ_
TERMINATION

Figure 2-7. Phase Shift Setup
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MODEL 91
BALANCED

c
*QT?Q

SCOPE

600Q
TWISTED Cg’ CH2 aND
PAIR Qo
CABLE al
600Q

Figure 2-8. Balanced Output Setup

22.

23

Keypad (39) to set the output level to 10 Vpp
(press the "1","0", and "ENTER" keys).

Connect the Balanced output to the scope in-
puts (properly terminate the Model 91 as shown
in figure 2-8). Setup the scope as follows:
CH 1 and CH 2 - dc coupled, adjust so both
waveforms have same amplitude about the
horizontal center line.

Change VERT MODE to ADD and invert CH 2.

View balanced output on scope.

SINGLE PULSE CHECK

Connect the Model 91 to the oscilloscope; see figure
2-3. The SYNC QUT from the Model 91 must be

terminated in to 50Q.

24.

25.

2-8

Pressthe"SHIFT"(37)and"RESET ALL"keys (2).
Press the "ON/OFF" key (36) to turn on the output.

Press the "FUNCTION" key (18) to step to the
single pulse function. Single pulse indicator will
be lit.

Change the frequency to 500 kHz by pressing
"FREQ/PER" (4) followed by the *5°, *EXP*, and
'8" keys. Also, press the ‘SYNC' key ( 14) and
verify the display shows the words: SYNC REAR
(1). Rotate the Knob (47) until the words SYNC
FRONT (0) are displayed. Observe a 500 ns
pulse at 2us repetition rate.

Pressthe "WIDTH" key(16). Next, press the KNOB
key (39), and rotate the Knob (4 1) CW, observe the
pulse width on the scope increasing. Rotate the
Knob (47) CCW, observe the pulse width on the
scope decreasing. Return to 500 ns pulse width

by pressing the "WIDTH, "5", "EXP", "+/-", '7", and
"ENTER’ keys.

DELAYED PULSE CHECK

Connect the Model 91 to the oscilloscope; see figure
2-3. The SYNC OUT from the Model 91 must be
terminated in to 50Q.

26.

Press the "FUNCTION" key (18) to step to the
delayed pulse function. Delayed pulse indica-
tor will be lit.

Observe a 500 ns pulse at 2us repetition rate
which is delayed 1us relative to the SYNC OUT
(13) signal.

Press the "DELAY" key (17). Press the KNOB
key (39) and rotate the Knob (47) CW, the pulse
delay on the scope increases. Rotate the Knob
(41) CCW, the puise delay on the scope de-
creases. Returnto 1us pulse delay by pressing
the ‘DELAY, "1*, "EXP*, *+/-*, "6", and "ENTER"
keys.

DOUBLE PULSE CHECK

Connect the Model 91 to the oscilloscope; see figure
2-3. The SYNC OUT from the Mode! 91 must be
terminated in to 50Q.

27.

Press the "FUNCTION" key (18) to step to the
double puise function. Double pulse indicator
will be lit.

Observe on the scope two 500 ns pulses at 1ms
repetitionrate. The second pulseis delayed 1us
from the first pulise.

Press the 'DELAY" key (17). Rotate the Knob (47)
CW, onthe scope the time between the two pulses
increases. Rotate the Knob CCW, the time be-
tween the two pulses on the scope decreases.
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Figure 2-9. Puise Output Setup

Returnto 1us pulse delay by pressing the "DELAY,
"1, "EXPY, "+/-", "6, and "ENTER" keys.

PULSE OUTPUT CHECK

Connect the Model 91 to the oscilloscope; see figure

2-9. The SYNC OUT from the Model 81 must be

terminated in to 50Q.

28. Press the "FUNCTION" key (18) to step to the
single pulse function. Single pulse indicator will
be lit.

To enable the rear panel outputs, press the
‘PULSE SETUP* key (79) until the words REAR
OUT OFF (0) appear on the display. Rotate the
Knob (47) until REAR OUT ON (1) appears.
Press'PULSE SETUP"key ( 79) and verify LOGIC
NORMAL (0) is displayed. Once again, press
the "PULSE SETUP" key and verify PULSE TTL
(0) is displayed. Pressthe "SYNC"key ( 74) and
rotate the Knob (4 7) until the words SYNC REAR
(1) are displayed.

On the scope, observe a 500 ns pulse at 2us
repetition rate.

2.6 ROUTINE MAINTENANCE

No tools or equipment are required for routine mainte-
nance. Cleaning materials required are listed below:
Description National Stock Number
Isopropyt Alcohol 6810-00-753-4933
MIL-A-10428,
Grade A (81349)

8305-00-267-3015
CCC-C-440, Type I,
Class 2 (81349)

Mild Liquid Detergent None

Cotton Cheesecloth

Routine maintenance for the Model 91 is limited to
routine checks such as listed below;

Cleaning,

Ousting,

Wiping,

Checking for frayed cables,

Storing items not in use,

Covering unused receptacle,

Checking for loose nuts, bolts, and screws.

Perform these routine check anytime they need to be
done.

Fan Maintenance

The Model 91 contains a fan which is located on
the right side of the unit. On the outside of the unit
is the fan's filter. This filter should be cleaned
about every month; more often if the unitis used in
a dusty environment.

To clean the Filter,
1. Disconnect the Model 91 from the primary
power source.

2. Using a screwdriver, gently pry off the
filter's grill.
3. Remove the foam filter.

4. Clean the foam filter using a miid socapy
solution. Thoroughly rinse the filter, and
allow it to dry.

5. Place the filter back in the unit, and snap it
in the filter grill.

6. Connectthe Model 91tothe primary power
source.

H
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3.1 INTRODUCTION

Section 3 describes how to operated the Model 91
Synthesized Pulse/Function Generator. This section
contains the following major topics:
Paragraph 3.2 describes the unit's controls (keys
and menus) and connectors.
Paragraphs 3.3 and 3.4 describe the Model 91
GPI8 commands.
Paragraph 3.5 provides detailed instructions on
how to set up the Model 91 for various tasks.

3.1.1 Error Massages

The Model 91 supplies both front panel and remote
operator error messages. Appendix A descibes these
error messages. |f the operator is using a remote GPIB

SECTION
OPERATION

controller to operate the Model 91, the unit can return
"SRQ* error messages; see paragraph 3.4.5.

3.2 CONTROLS CONNECTOR AND INDICATORS

Paragraph 3.2.1 describes all the operater “Controls,
Indicators, and Connectors” for the Mcdel 91, and
paragraph 3.2.2 explains the rear panel's connectors.

3.2.1 Front Panel Contrals, Indicators, and Connectors

Figure 3-1, which is located at the rear of this section
(page 3-63), identifies Model 91 front panel contrcis
and connectors. The numbers (/talics) in figure 3-1 are
used throughout this section to identify the keys and
connectors. Table 3-1 describes the function of each
control and connector of the Model 91.

Front Panel Controls, Indicators, and Connector

This switch turns Model 91 power on or off. Pressing the butten turns the
power on. Extending the button turns the power off. At power on, the
Model 91 first performs a Self-Test that tests the motherboard memory,
storage memory, and checks the internal battery. At power on the Model
91 returns to its last setup (the output will be off).

Press this key to reset the parameter currently displayed toits default value;
see Model 91 Default Conditions listed below. This does not change non-

Tabie 3-1.
Kay Control, Indicator Function
or Connactor
1 POWER switch
2 PARAM RESET key
displayed parameters.
RESET ALL key

Press the "SHIFT" key (37) and then the "RESET ALL" key to reset all Model
91 parameters to their default conditions. The GPIB address and selected
alternate units remain unchanged. Underlined items represents aiternate
units for that parameter.

Model 91 Default Conditions

Amplitude 5Vpp (2.5.Vp, 1.77 Vrms, 18 dBm)
Burst Count 5

Display 25

Frequency/Period 1kHz (1ms)

Function Sine

Function Output On/Off  Output Off (50Q indicator flashes)
Linear/Logarithmic Linear Sweep

Internal Lock
Normal

Lock Source
Logic

()
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Table 3-1. Front Panel Contrals, Indicators, and Connsctor (Continued)

Key |  Control, Indicator Function
i or Connector
| Model 91 Defauit Conditions (Continued)
? Lower Level -2.5V :
; Lower Level Custom ov
§ Mode Continuous
! Offset ov
, Phase 0° (Qradians)
f Pulse Delay lus
: Pulse Out TTL
Pulse Outputs Off
Pulse Width 500 ns
Recall Last location stored
Select Qutput 50Q, Unbalanced
, Store Last location stored
1; Sweep Mode Continuous Sweep
Sweep Start 1kHz
Sweep Stop 10 kHz
Symmetry 50%
Sync Rear Sync
Time 1s (1Hz)
Trigger Level oV
Trigger Frequency 100 Hz (10 ms)
Trigger Slope Positive
Trig Source Internal Trig
Upper Level +2.5V
Upper Level Custom +1V
i The following keys are not affected by the "RESET ALL" key:
| Address
' Calibrate
Knob
Local
Man trigger

3 DISPLAY key Press this key to adjust the intensity of the display values between 00 and
31 with 31 being the brightest setting. Use the Knob or Keypad to change
intensity value. The Knob automatically accepts the new value; also see
"KNOB'key (39). When using the Keypad, enter the new value and use the
‘ENTER" key to accept the new value.

CALIBRATE key Press the "SHIFT" key (37) and then the "CALIBRATE" key to start the Mcdel
91's AutoCal prcedure. AutoCal performs a functional check and fine
tuning of certain internal circuits. During AutoCal the display shows the
words CALIBRATING. When finished with AutoCal, the Model 91 displays
the words PASSED AUTOCAL. Allow the Model 91 to warm up 20 minutes
before performing AutoCal.

4 FREQ/PER key Press the ‘FREQ/PER" key to display the current frequency of the generator.
Use the Knob or Keypad to change the frequency value. The Knob automati-
cally enters the new value; also see 'KNOB" key (39). When using the Keypad,
enter the new value and use the "ENTER" key to accept the new value. Initial ly
pressing the ‘FREQ/PER" key displays the output frequency or period (see the
"UNITS" key (4)). Displayed frequency units are MHz, kHz, Hz, and mHz, and

displayed period units are ns, us, ms, and s (seconds). Defauitis 1.000 kHz.



Table 3-1. Front Panel Contrals, Indicators, and Connector (Continued)

Key ' Control, Indicator Function :

i or Gonnector

| Specified Frequency Limits:

i 100 MHz for Square wave at rear panel Pulse Outputs,

| 50 MHz for all pulses at the rear panel Pulse Qutputs,

l 20 MHz for all functions at the 50Q and 75Q Unbalanced ou‘put,
1MHz when 600Q Unbalanced is selected,
1MHz when 135Q Balanced is selected,
1MHz when 800Q Balanced is selected.

UNITS key Press the "SHIFT" key (37) and then the Freg/Per's "UNITS" key to charge
the units of measure for use with the "FREQ/PER" key. Performirg :his kay
sequence displays the current selection. Use the Knob to steo cetween
Frequency and Period. Also, pressing the "SHIFT" and Freg/Per's 'UNIT’
keys sequence alternates between Frequency and Period.

5 AMPLITUDE key Press the "AMPLITUDE" key to display the current output level. Use tre
Knob or Keypad to change the output level. The Knob automatically enters
the new value; also see "KNOB" key (39). When using the Keypad, enter
the new value and use the "ENTER® key to accept the new value.
Amplitude units (see Amplitude's UNITS) can be Vpp, Vp, Vrms, or dBm
which can be selected using the "“SHIFT" (37) and Amplitude's "UNITS" key.

Output level limits into 50Q
1imVpp to 15.0 Vpp,
500 uvVp to 7.5 Vp,
400 uVrms to 5.3 Vrms,
-56.0 dBm to +27.5 dBm.
Default value is 5Vpp.
Amplitude Limiting Conditions
Offset vaiues limit the amplitude.
AM limits the maximum AM amplitude to one half the maximum
continuous amplitude.
SCM sets the programmed level to QV; output level depends
on magnitude of the modulating signal.
Vpp and Vp are the only units of measure when dc offset is not
QVdc and symmetry is not 50%.

UNITS key Press the 'SHIFT" key (37) and then the Amplitude's "UNITS" key ‘0 stec
between Vpp, Vp, Vrms, and dBm. When this key combination is cer-
formed, the current selection is displayed. Use the Knob to scroll through
the list (Vpp, Vp, Vrms, and dBm). Also, pressing the 'SHIFT" anc
Amplitude's "UNIT" keys sequences through the units.

6 STORE key Press the "STORE" key to store a complete front panel instrument setup.
When this key is pressed, the last storage address is displayed. Use the
Keypad or Knob to select an address (1 t0 5). Press "ENTER" to accept
the setup. Use "SHIFT" (37) and "RECALL" keys to retrieve the stored
settings.

RECALL key Press the "SHIFT" (37) key and then the "RECALL" key to select 2 stcrec

instrument setup. Use the Knob or Keypad to select a stored setug. trer
use the "ENTER" key to initiate that instrument setup.

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

Key

Control, Indicator
or Cannector

Function

10

3-4

OFFSET key

SYMMETRY key

PHASE key

UNITS key

UNLOCK indicator

EXT indicator

LOCK SOURCE key

Press the "OFFSET" key to display the current dc offset level. Use the Knob
orKeypadtochange the dc offsetvalue. The Knob automatically enters the
new value; also see the "KNOB® key (39). When using the Keypad, enter
the new value and use the "ENTER" key to accept the new value. DC offset
levels can be programmed between +7.500V to -7.500V in 1mV incre-
ments. The default value is OVdc.

In dc function, Offset controls the output polarity and level. Insine, triangle,
and square functions, Offset controls the baseline level of output waveform.

Offset Limits
Offset values are limited to Offset + Amplitude (Vp) s7.5V.
Selecting the Balanced output fixes the offset at OVdc.
Selecting AM or SCM limits the offset range to 1/2 of the
maximum programmed offset.

Press the "SHIFT" key (37) and then the "SYMMETRY" key to display the
current waveform symmetry value. Symmetry values are expressed in
percent (%). Waveform symmetry can be varied between 5% and 95% in
1% increments (s2MHz). Use the Knob or Keypad to change the waveform
symmetry value. The Knob automatically enters the new value; also see the
"KNOB" key (39). When using the Keypad, enter the new value and use
the "ENTER" key to accept the new value. The default is 50%.

When either BAL, FM (VCG), or Sweep is selected, the symmetry is fixed
at50%. Symmetry has no meaning for pulse functions. Symmetry range
decreases linearly between 2MHz and 20 MHz. At 20 MHz, the symmetry
is fixed at 50%.

Press "PHASE" key to display the current selected phase shift. Use the
Knob or Keypad to vary the phase. The Model 91 generates phase shift
relative to the EXT FREQ IN signal. The Knob automatically enters the new
value; also see the 'KNOB" key (39). When using the Keypad, press the
'ENTER" key to accept the new value. The phase can be varied from +180°
to -180° (+3.14 to -3.14 radians) with one degree (3-1/2 digits) of resolu-
tion. Defaultis 0°. Use the Phase's "UNITS" key to shift between degrees
and radians.

Press the "SHIFT" key (37) and then the Phase's "UNITS" key to shift
between Degrees and Radians. Also, rotate the Knob to step between
Degrees and Radians.

When this indicator is off, the unit is locked to either the internal or external
frequency reference. A flashing indicator means disconneted external
reference or aninternal reference failure. A continuously litindicator means
the current instrument setup does not allow locking to a frequency refer-
ence.

Whenon, itindicates the Mode! 91 requires an external reference atthe EXT
FREQ IN connector. It does notindicate signal is present at the connector.

In the Continuous, AM, and SCM modes, use this key to select either the



Table 3-1. Front Panel Contrals, Indicators, and Connactor (Continued)

Key

Control, Indicator
or Cannector

Function

12

13

14

15

|

EXT FREQ IN connector

SYNC OUT connector

SYNC key

DC indicator

M indicator

. indicator

Model 91 internal (synthesizer) phase lock source (cisciays the weras
EXLOCK OFF) or an external phase lock source (cispiays the works
"EXLOCK?). Press this key to toggle between Internal and External sources.
The minimum phase lock frequency is 20 Hz. Selecting the internai scurce
displays the Model 91 synthesizer frequency.

Selecting the external phase lock source displays the frequency of :he
signal at the EXT FREQ IN connector. At frequencies above 20 Hz. the
Model 91 measures the input frequency, sets its frequency to match, anc
locks itself to the external source.

This is the input connector for the phase lock source. Inputimpecarce is
10kQ. Inputsignal can be either alogic level or bipolar sine wave (seiecea
via internal jumper; paragrpah 2.4.6). To phase lock, the externai source
must be between 20 Hz and 20 MHz, and the level must be 600 mVeg o
30 Vpp or TTL level. The Model 91 automatically sets its frequercy ¢
match the external source. Inaddition, the Model 91 displays the frequercy
of the external source.

Use the signal from this output connector to synchronize external equip-
ment to the Model 91. The output signal is a TTL pulse. The Sync sigral
will be the same frequency as the output waveform. The symmetry is same
as square wave and "in phase” with square wave but leads sine ana
triangle waveforms by 90°. There will not be a Sync Out signal for tne dc
function.

For pulse functions, Sync Out supplies a pulse coincident with the ouise
trigger. The Model 91 permits selection of either a Sync Output coincident
with the front or rear panels; see SYNCkey ( 74). SYNC REAR is the default.
For externally triggered pulses, SYNC OUT provides a pulse based on the
TRIG SETUP conditions; see TRIG SETUP key (24).
CAUTION

The Sync Qutput must be terminated with 50Q otherwise

the sync pulse could be distorted which may cause timing

errors..

Use this key to select the front and rear panel sync source for the Sync QOut
connector. To select a sync source, press the "SYNC® key and rotate the
Knob to either SYNC REAR (1) or SYNC FRONT (0). Use the front panei
sync source when using either the BALANCED or UNBALANCED outputs.
Use the rear panel sync source when using the PULSE or PULSE Qutputs.

When on, indicates that dc function is selected. To activate, press ‘he
'FUNCTION" key ( 18) until DC indicator lights. The dc function can not te
selected when the external lock source is selected.

When on, indicates that a square waveform is selected. To activate, press
the "FUNCTION" key ( 18) until square indicator lights.

When on, indicates that triangle waveform is selected. To activate, press
the "FUNCTION® key ( 18) until triangle indicator lights.

)
h



Table 3-1. Front Panel Controis, Indicators, and Connector (Continued)

Key

Control, Indicator
or Connactor

Function

16

17

18

9

" indicator
M— indicator
- indicator
UL— indicator

E.W. indicator

WIDTH key

DELAY key

FUNCTION key

PULSE SETUP key

When on, indicates that sine waveform is selected. To activate, press the
"FUNCTION"® key ( 18) until the sine indicator lights. °

When on, indicates that single pulse waveform is selected. To activate,
press the *FUNCTION® key ( 78) until the single pulse indicator lights.

When on, indicates that delayed pulse waveform is selected. To activate,
press the "FUNCTION" key ( 18) until the delayed pulse indicator lights.

When on, indicates that double pulse waveform is selected. To activate,
press the "FUNCTION® key ( 18) until double pulse indicator lights.

When on, indicates that external width waveform is selected. To activate.
press the "FUNCTION" key (18) until the E.W. (external width) indicator
lights.

Press thiskey to display the current pulse width value. Use the Knob or Keypad
to change the pulse width value. The Knob automatically enters the new value;
also seethe 'KNOB"key (39). When using the Keypad, enter the new value and
press the "ENTER" key to accept the new value. The pulse width can be varied
from 10 nsto 2000s with 4 digits of resolution. Defaultis 500 ns. Above 50 MHz,
this key has no affect on the pulse even though it appears to be functioning.

Pressthiskey to display the current pulse delay value. Use the Knob or Keypad
tochangethe pulse delay value. The Knob automatically enters the new value:
alsoseethe 'KNOB*key (39). When using the Keypad, enter the new value and
press the 'ENTER" key to accept the new value. The puise delay can be varied
from Ons to 2000s with 4 digits of resolution. Defaultis 1us. Above 50 MHz, this
key has no affect on the pulse even though it appears to be functioning.

For double pulses, this key sets the timng between the first and second pulses.

Press the 'FUNCTION' key to select the output waveform. Press and hold this
key to cycle the unit through its functions (sine, triangle, square, dc, single
pulse, delayed pulse, double pulse, and external width). A litindicatoridentifies
the selected function. Release the ‘FUNCTION"key when the desired function
indicator lights.

To step backwards through the functions, press the *SHIFT key (37) and then
hold down the 'FUNCTION® key. Release the 'FUNCTION' key when the
desired function indicator lights.

Press this key to set up the pulse outputs via three pulse set up menus.
Repeatably pressing the PULSE SETUP key steps through the three menus.
The first menu, REAR QUT, turns off or on. Use the Knob to step through REAR
OUT OFF (0) or REAR OUT ON (1). The Keypad can also select off or on by
pressing number in parenthesis, (0) for off or (1) for on.

The second menu, LOGIC, selects normal or complemented pulse output from
both front and rear outputs. Use the Knob to step through LOGIC NORM (0)
or LOGIC COMP (1). The Keypad can aiso select normal or complement
outputs by pressing number in parenthesis, (0) for normal or (1) for comple-
ment.

The third menu, PULSE, selects the pulse type for the rear panel Pulse outputs.
Use the Knob to step through PULSE TTL (0), PULSE CMOS (1), PULSE -ECL



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

Key

Control, Indicator
or Gonnector

Function

20

21

22

a3

UPPER LVL key

CUSTOM key

LOWER LVL key

CUSTOM key

MOODE key

CONT indicator

(2), PULSE +ECL (3), and PULSE CSTM (4). The Keypad can also select
pulse types by pressing number in parenthesis, (0) for TTL, (1) for CMOS.
(2) for -ECL, (3) for +ECL, and (4) for CSTM. When *PULSE CSTM" 's
selected, use the Upper Lvl's "CUSTOM *(20 ) key and Lower Lui's
"‘CUSTOM " keys (27) to set the levels.

Press this key to set the upper level of the pulse function from the BALANCED
or UNBALANCED Outputs. The upper level can be programmed between -7V
and +7.5V. The allowable negative upper level depends on the lower level
setting. The upper level must be more positive than the lower level. Use the
Knob or Keypad to change the upper level value. The Knob automatically
enters the new value; also see the ‘KNOB" key (39). When using the Keypad.
enter the new value and press the "ENTER" key to accept the new value.
Changing the upper level affects the amplitude and offset.

Pressthe "SHIFT" key (37) and the Upper Lvi's "CUSTOM "key to set the custom
upper level for the rear panel Pulse Outputs. Custom upper level can e
programmed between -1.4 and +4.2V (into 50Q) and must be more positive
than the custom lower level. Use the Knob or Keypad to change the custom
upper level. The Knob automatically enters the new value; also see the "KNOB"
key (39). When using the Keypad, enter the new value and press the "ENTER"
key to accept the new value.

Press this key to set the lower level of the pulse function from the Balanced or
Unbalanced Outputs. The lower level can be programmed between +7 and
-7.5V and must be more negative than the upper level. Use the Knob or Keypad
tochange the upper level value. The Knob automatically enters the new value.
When using the Keypad, press the "ENTER" key to accept the new vaiue; also
see the "KNOB" key (39). Changing the lower level affects the amplituce and
offset.

Press the "SHIFT" (37) and the "CUSTOM" keys to set the custom lower level
for the rear panel Pulse Outputs. Custom lower level can be programmed
betweem-1.8 and +3.5V (into 50Q) and must be more positive than the custom
lower level. Use the Knob or Keypad to change the custom lower level. The
Knob automatically enters the new value. When using the Keypad, press the
*ENTER" key to accept the new value; also see the "KNOB" key (39).

Press the "MODE" key (22)to step through the Model 91 operating modes:
CONT (continuous)
TRIG (triggered)
GATE (gated)
BURST
AM (amplitude modulation)
FM (frequency modulation)
SCM (Suppressed Carrier Modulation)
SWEEP

Tostep backwards throughthe modes, pressthe *SHIFT" key (37)and thenhold
down the *"MODE" key. Release the "MODE' key when the desired incicator
lights.

When on, itindicates the continuous mode is active. Use the "MCDE" xey (22)
to select this operating mode.



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

Key

Control, Indicator
or Connector

Function

24

3-8

TRIG indicator

GATE indicator

BURST indicator

AM indicator

FM Indicator

SCM indicator

SWEEP indicator

TRIG SETUP key

When on it indicates the triggered mode is active. The Model 91 must be
triggered to initiate a trigger cycle. Use the "MODE" key (22) to select this
operating mode. Also see the “TRIG SETUP" key (24).

When on, it indicates the gated mode is active. The Model 91 must be
triggered to initiate a gate cycle. Use the "MODE key (22) to select this
operating mode. Also see the "TRIG SETUP" key (24).

When on, itindicates the burst mode is active. Use the "SHIFT" xey (37)and
"BURST COUNT" key (24) to select the burst count. The Model 91 must be
triggered to initiate a burst cycle. Use the "MODE" key (22) to select this
operating mode. Also see the "TRIG SETUP" key (24).

When on, it indicates that the Amplitude Modulation mode is active. An
external signal source connected to MOD IN connector (30) is required for
AM operation. Use the "MODE" key (22) to select this mode. AM can not
be selected when the sum of amplitude (Vpp) and Offset (Vdc) exceeds
7.5V.

When on, it indicates that FM/VCG modulation mode is active. An external
signal source connected to MOD IN connector (30) is required for FMNVCG
operation. External signal amplitude of 0 to 10 Vpp controls deviation.
External signal frequency of dc to 100 kHz. Use the "MODE" key (22) to
select this operating mode. FM can not be selected when symmetry is not
50% or when external phase lock is selected.

When on, it indicates the Suppressed Carrier Modulation mode is active.
An external signal source connected to MOD IN connector (30) is required
for SCM operation.

When on, it indicates the sweep mode is active. Use the *SWEEP MQDE"
key (26) to select the sweep start and stop frequencies, and sweep
conditions. Sweep can not be selected when the symmetry is not 50% or
the generator is in external phase lock.

Press this key when setting up the trigger conditions. Use it to select the
trigger source, trigger slope, or trigger level.

When the word SOURCE appears, use the Knob or Keypad to alternate
between the internal trigger source, external trigger source, or manual
trigger. Selecting the internal trigger source displays the trigger frequency
(see "TRIG FREQ" key). The internal trigger frequency range is TmHz to
20 MHz. Selecting the external trigger source displays the frequency of the
signal at the rear panel TRIG IN connector (C). Selecting manual trigger
allows the operator to trigger the unit using the *"MAN TRIG" Key (25).

When the word "SLOPE" is displayed, use the Knob to alternate between
"*SLOPE PCS (0) * (rising edge) and "SLOPE NEG (1) (falling edge).

When the words TRIG LEVEL appear, use the Knob or Keypad to change
the triggerlevel. The Knob automatically enters the new trigger level. When
using the Keypad, press the ‘ENTER" key to accept the trigger level.
Trigger level is between -5.0. to +5.0V in 100 mV increments.



Table 3-1. Front Pansl Controls, Indicators, and Connector (Continued)

Key

Control, Indicator
or Connector

Function

25

26

BURST COUNT key

MAN TRIG key

SWEEP MODE key

Press the "SHIFT" key (37) and then "‘BURST COUNT" key to dispiay :ne
currently selected burst count. Use the Knob or Keypad to change he
burst count. The Knob automatically enters a new value. When using :he
Keypad, pressthe "ENTER"key to acceptthe new value. Burstcountvaiues
range from 1 to 1,000,000 cycles.

Press this key to manually trigger the generator. Inthe triggered moace. :re
generator produces one complete cycle of the waveform each time tnis «ay
is pressed. In the gated mode, the generator produces continucus
waveforms as long as the key is pressed. When the key is releasec, ire
waveforms stop. Inthe burstmode, the generator produces the setnurmoer
(Burst Count) of cycles. To select Manual Trigger, refer to the TRIG SETUP
(24) key.

Press the "SWEEP MODE" key to step through a list of sweep items: sweep
start frequency, sweep stop frequency, continuous sweep, triggered
sweep, and manual sweep.

The Model 91 limits the sweep range to three decades. If the sweep startfrequency
is set and the sweep stop frequency exceeds the three decade limit, the sian
frequency will be pulled up. If the sweep stop frequency is set and the sweep start
frequency exceeds the three decade limit, the stop frequency will be pulled down.
Refer to paragraph 1.3.2.2 for sweep range limits

Sweep Start displays and sets the generator to the current sweep sart
frequency. Theunitdisplays sweep startfrequencyinmHz, Hz, kHz, and MHz.
The sweep start frequency range is from 1mHz to 20 MHz. Defaultis 1xHz.
Use the Knob or Keypad to change the sweep start frequency. The Knoo
automatically enters the new sweep start frequency; also see the "KNC8"
key (39). When using the Keypad, press the *ENTER"key to acceptthe new
sweep start frequency. Sweep start frequency can be set apbove or celow
the sweep stop frequency.

Sweep Stop displays and sets the generator to the currently selected
sweep stop frequency. The unit displays the sweep stop frequency in mHz,
Hz, kHz, and MHz. The sweep stop frequency range is from 1mHz to
20 MHz. Defauit sweep start frequencyis 10 kHz. Use the Knob or Keypad
to change the sweep stop frequency. The Knob automatically enters the
new sweep stop frequency; also see the "KNOB* key (39). When using the
Keypad, press the ‘ENTER' key to accept the new sweep stop frequency.
Sweep stop frequency can be set above or below the Sweep Start
frequency.

Continuous Sweep starts continuous sweeping between the sweep start
frequency and the sweep stop frequency. The ‘TIME" key (28) sets the
repetition rate of the sweep. The Sweep mode must be selected.

Triggered Sweep allows the Model 91, upon receipt of a trigger, to sweep
between the sweep start frequency and the sweep stop frequency. The
‘TIME" key (28) sets the rate of the sweep. Sweep mode must be selected.

Manual Sweep allows operator to manually sweep the Model 91 between
the sweep start frequency and the sweep stop frequency using the Krcc
or the Keypad. The Sweep mode must be selected.

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

Key

Control, Indicator
or Connector

Function

a7

28

29

30

LIN/LOG key

TRIG FREQ key

UNITS key

TIME key

UNITS key

SWEEP QUT connector

MQD IN connector

Press the "SHIFT" key (37) and then the "LIN/LOG" key to display the current
sweep characteristic. LIN allows the unit to linearly sweep from the start ;0
the stop frequency. LOG allows the unit to exponentially sweep between
the start to the stop frequency. In addition, both sweep types allow lcg or
linerar sweep up and down (start to stop and back to start frequency). Use
the Knob or repeatably "SHIFT" and " LIN/LOG" keys to change the sweep
characteristic.

Press the "TRIG FREQ" key to display the current internal trigger source
frequency. Use the Knob or the Keypad to change the trigger frequency.
The Knob automatically enters the new trigger frequency; also see :he
"KNOB"key (39). When using the Keypad, press the ‘ENTER" keytoacceot
the new trigger frequency. Internal trigger frequency range is 1mHz 0
20 MHz. Use the "TRIG SETUP" key (24) to select the internal trigger
source.

When using the Triggered Sweep Mode, the internal trigger frequency is
limited to 1/2 the current sweep time (SWPTR on the display).

Press the "SHIFT" key (37) and then the Trig Freq's "UNITS" key to change
the units of measure for the trigger frequency. When this key sequence is
performed, the current selection is displayed. Use the Knob to scroll
between trigger frequency (TFREQ on display) or trigger period (TFPER
on display); press "ENTER" key to accept the units.

Press thiskeyto display the currently selected sweep time. The sweeptime
rangeis 10t00.001 Hz or 0.2to 3600 seconds (period). Defaultis 1 second.
Use the Knob or the Keypad to change the sweep time. The Knoo
automatically enters the new sweep time; also see the *KNOB* key (39).
When using the Keypad, press the "ENTER" key to accept the new sweep
time.

Press the "SHIFT" key (37) and then the Time's "UNITS" key to display the
time's units of measure. Use the Knob or press the *SHIFT* and "UNITS"
keys to toggle between sweep frequency (SWPRATE (HZ) on display) or
sweep period (SWPTIME (SEC) on the display).

This BNC connector suppliesaOto +6V or +6to OV linearramp. Theramp's
end values represents start to stop frequencies. The ramp's rate depends
on the selectec sweep time. Output impedance is 600Q. Use this output
as an external sweep or horizontal signal source. The sweep out signal is
only present during sweep modes.

This connector receives the modulation signal for the Model 91 F'4. AM,
and SCM modes. Inputimpedance is 10 kQ.

FM - The signal modulates the iinstantaneous frequency of the generator.
A =10V signal varies the frequency a maximum of 1000:1 frequency
change on the same range (table 3-12). When FM is selected, the Model
91 holds its current frequency range. The frequency (dc to 100 kHz) of the
external signal controls the modulation rate. When MODE: FM is selected.
the Model 91 displays the scale factor in Hz/VOltgngys).



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

Key

Control, Indicator
or Connector

Function

31

32

33

34

35

36

SHIFT key

LOCAL key

REMQOTE indicator

CMD RECALL key

ADDRESS key

UNBALANCED output

ON/OFF key

SELECT key

AM -The signal modulates the output level of the generator; the generator
providesthe carrier. The unmodulated outputlevel will be the programmec
level. The frequency range of the source is d¢ to TMHz. When Moage: AM
is selected, the Model 91 displays the scale factor as V = F.S. which
represents the modulation voltage to produce 100% modulation. Inthe AM
mode, the programmed amplitude cannot be greater than 7.5 Vpp.

SCM -The signal modulates the output level of the generator; the generatcr
provides the carrier. The unmodulated output level will be OV regarcless
of the output level. When Mode: SCM is selected, the Model 91 cisplays
a scale factor of 2.4V/V, 0.24V/V, or 0.024V/V. To change the scale fac:or,
enable the Knob using the *"KNOB" key (39) and use the Knob (4 1) to selec:
a scale factor. SCM output level depends on the magnitude of the
modulating signal. The frequency range of the source is dc to 1MHz.

Press the "SHIFT" key to select alternate key items. Shift items are lacelea
in blue on the front panel.

Press this key to return the Model 91 to front panel control from remcte
(GPIB only). Front panel displays the words "LOCAL". This key will not
selectif Local Lockout is set by external controller during remote operation.

When on, indicates that Model 91 is in remote (GPIB) operation using ar
external controller. When on, instrument settings can be queriec 2ut not
changed.

Press this key (command recall) to display the last 240 parameters, values
and actions (all in ASCII code) sent to the instrument via the GPIB. The
display shows only 16 characters at a time, use the Knob (47) to steo
through the entire program string.

Press the 'SHIFT" key (37) and then the "ADDRESS" key (34) to display the
current GPIB address as a decimal value. Use the Knob (47) or Keypad
(39) to change the address. The Knob automatically enters the new GPIB
address. When using the Keypad, press the "ENTER" key to acceptthe new
GPIB address. Addresses range from 00 to 30, and the default address is
09. This key is inactive when Locai Lockout is set by an external controller
during remote operation.

This BNC connector supplies the unbalanced (single ended) output of all
Model 91 functions. Output impedance can be 50Q, 75Q, or 600Q.
Frequency rangeis 1 mHzto 20 MHz (50Q and 75Q) for standard functions
and 1 mHz to 1 MHz for 600Q. For pulse functions above 20 MHz, this
output automatically turns off. Use the "SELECT" key (36) to select
unbalanced output; the BAL indicator (37) will be off.

Press this key to toggle on and off the balanced and unbalanced outputs.
At power up the output will be turned off, but the last selected output
impedance indicator will flash. Once the key is pressed, the output turns
on and the impedance indicator remains lit.

Press the "SHIFT" key (37) and then the "SELECT" key t0 select the cutzwu:

)
.



Table 3-1. Front Panael Controls, Indicators, and Connector (Continued)

Key

Control, Indicator
or Connector

Function

37

38

39

w
v

N

N

50Q indicator

75Q indicator

135Q indicator

600Q indicator

BAL indicator

BALANCED output

Keypad

+/- key

¢ (Decimal) key

ENTER key

EXP key

connector and outputimpedance. Hold the key down to increment througn
the selections. Release the key to activate the output. Output impedance
depends on the selected output:

Unbalanced - 600Q, 50Q, and 75Q,

Balanced - 135Q and 600%.

Default is 50Q UNBAL.

When on, it indicates 50Q unbalanced output is selected. Use ‘he
"SELECT" key (36) to select 50Q.

When on, it indicates 75Q unbalanced output is selected. Use ‘he
"SELECT" key (36) to select 75Q.

Whenon, itindicates 135Q balanced outputis selected. Usethe 'SELECT
key (36) to select 135Q.

When on, it indicates 600Q unbalanced or balanced output is selected.
Use the "SELECT" key (36) to select 600Q.

When on, it indicates the Balanced output connectors are the selected
generator outputs. When off, itindicates the Unbalanced output connector
is the selected generator output. Use the 'SELECT" key (36) to selec:
balanced output.

The balanced (differential) output consists of two jacks BALANCED (+) ana
(-) and one center tap (CT) terminal. The BALANCED (+) jack provides the
positive (in phase) balanced output. The BALANCED (-) provides the
negative (180° phase) balanced output. QOutput impedance between the
(+) and (-) terminals can be 135Q or 600Q. Use the *SELECT" key (36) to
select the BALANCED output; BAL indicator is lit.

Pressthesekeystoentera0,1,2,3,4,5,6,7,8,0r 9 for numeric data entry.
Use them with +/-,  (decimal point), ENTER, EXP (exponent), and CE
(clear entry) keys to enter data. Parameters that have not been enterad
using the "ENTER" key are preceded with *. For example, pressing
‘FREQ/PER 3 AMPLITUDE 3" and then pressing "FREQ/PER" key again
displays * FREQ 3 HZ which means that the new frequency has not been
entered, but will be when the ‘ENTER" key is pressed.

Press this key to enter a positive or negative sign for numeric data entry.
Used for standard and exponententry. Blankindicates positive, -indicates
negative.

Press this key to enter a decimal point for numeric data entry.

Press this key to accept entries from the keypad. Values exceeding
resolution are rounded or entered to nearest allowable value. Also see
Keypad.

Press this key to enter an exponent digit. To enter an exponent, use Keypad
to enter prefix, press ‘EXP" key, then exponent value using numeric keys
0t0 9. Exponent can be entered as a negative by pressing "+/-' key.



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

Key . Control, Indicator Function
or Connector
CE key Press this key to clear a numeric entry error when using the Numeric <ays.
Unwanted data must be cleared before pressing '‘ENTER" key. Press :nis
! key once to clear display of numeric entry. The unit returns to the ias:
i entered value.
; KNOB key Press this key to enable or disable the Knob. Defauit is Knob off. Aiso,
! pressing key moves the flashing digit from least significant digit :0 mos:
z significant digit. After the final digit, the flashing digit disappears ara :re
: ENABLE indicator (40) goes out; now the knob is disabled.
40 ] ENABLE indicator When on, itindicates that Knob (47) will change the value in the display. Press e
! "KNOB" key (39) to turn on this indicator.
41 ‘ Knob Rotate the Knob to change numeric value of flashing digit as selected by "KNCB"
| key (39). Rotating the Knob clockwise increases avalue, counter clockwise rotaticn
decreases a value. The Knob is active when the ENABLE indicator is on.

42 Display The display (a 16-digit alphanumeric display with decimal point and minus sign)
shows output signal information, entry information, operator messages, anc errcr
codes.

3.2.2 Rear Panel Connections the location or the rear panel controls, indicators, ana

This paragraph decribes the location , description, and connectors. Table 3-2 provides the description and use ¢f

use of the rear panel connectors. Refer to figure 3-2 for the rear panel controls, indicators, and connectors.

Table 3-2. Rear Panel Connectors

Key Connector Function
A REF IN connector This connector accepts an external reference input. The external scurce
must be 10 MHz £500 kHz at a TTL level. Option 001 must be installec.
8 REF QUT connector This connector supplies a 10 MHz TTL reference signal. Option 001 must
be installed.
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Figurs 3-2. Model 91 Raar Panel Connactors




Table 3-2. Rear Panel Controls and Connectors (Continued)

Key

Connector

Function

m

|
|
i
i

TRIG IN connector

PULSE OUT connector

PULSE QUT connector

Input Power connector

GPIB connector

This connector accepts an external trigger input for both the function and
pulse generators. Input impedance is 2kQ shunted by <10 pF. The
"TRIG SETUP" key (24) sets the trigger level and slope that initiates a
trigger.

This connector supplies the pulse output at a level selected by the
"PULSE SETUP"key ( 19). This connector must be properly terminated with
a 50Q termination.

This connector supplies the pulse complement output at a level selected
by the the "PULSE SETUP" key (19). This connector must be properiy
terminated with a 50Q termination.

This is the primary ac power module for the Model 91. Included in the
module is the line fuse and voltage selector. The input power connector
accepts female end of power cable (supplied). A protective grounding
conductor connects the Model 91 through this connector. Use the voltage
selection card to setup the input voltage.

Voltage Range Fuse

90to 108 Vrms 1.5A, 250V, Slo Blo

108 to 126 Vrms 1.5A, 250V, Slo Blo

198 to 231 Vrms 0.7.5A, 250V, Slo Blo

216 t0 252 Vrms 0.7.5A, 250V, Sio Blo
Use this connector to mate the Model 91 to an external GPIB controller for
remote operation. The connector has 24 pins and threaded posts
conforming to IEEE-488-1978. Figure 3-3 illustrates the GPIB connector
pinouts.

3.3 INITIAL GPIB (REMOTE) SETUP

This paragraph describes the initial Model 91 to con- ((pwze o

troller setup for remote (GPIB) operation. The Model 91
digital interface conforms to IEEE 488.1 subsets SH1,
AH1, T8, TEQ. L4, LEQ, SR1, RL1, PPO, DC1, DTO, CO,
and E1.

In remote, an external controller transmits commands
to the Model 91 and receives commands from the
Model 91. Remote operation is similar to local opera-
tion (paragraph 3.2) except commands set up the
Model 91. GPIB permits remote control of most
‘unctions except "POWER" switch, "LOCAL" key, ‘DIS-
PLAY"key, all "UNITS" keys, and "ADDRESS' key. Refer
to paragraph 3.2 for descriptions of controls, indica-
tors, and connectors. GPIB connector wiring data is
shown in figure 3-3.

Mode! 91 to Controiler Satup

Perform the following steps to setup the Model 91 for
remote operation. Keyed numbers are defined in table
3-1 and illustrated in figure 3-1. The letters refer to
‘igure 3-2 and table 3-2.
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0 | PIN 12 CHASSIS
GROUND
PIN 23 0 0 PN )
ATN
PIN 22 0 o0 frINtO TRUE WHEN
) SRQ Low
SIGNAL PIN 21 0 0 |eiNg
GROUND IFC J
PIN 0 0 JPING Y
20 NDAC TRUE WHEN
HIGH
PIN 19 0 0 JeIN? )
NRFD
\_ PIN18 0 0feine N
DAV
(" pin 17 0 0 fPINS
REN €0!
PIN 16 0 ofrINa TRUE WHEN
D108 0104 LOw
TRUE WHEN PIN IS 0 O0feiN3
Low pio7 0103
PIN 14 0 0 leiN2
0106 0102
PIN 13 0 o |eini
\. 0105 0101 J
AMPHENOL
57-10240

Figure 3-3. GPIB Connéctor Pinouts
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Figure 3-4. GPIB Interconnect Wiring
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Figure 3-5. GPIB Operation Control Setup
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1. Connect a GPIB interconnect cable between
the Model 91 and the controller as shown in
figure 3-4. The Mode! 91 GPIB connector (B)is
located on the rear panel of the instrument.

NOTE
Keep GPIB interconnect cable length be-
low 2 meters (6.6 feet)

2. Set the Model 91 GPIB address to match the
address used by the controller; see figure 3-5.

Tosetthe GPIB address, press the "SHIFT" key
(37) and then the "ADDRESS" key (34) to dis-
play (42) the current GPIB address as a deci-
mal value. Use the knob (47) or keypad (39) to
change the address. The knob automatically
enters the new GPIB address. When using the
keypad press the "ENTER" key (39) to accept
the new GPIB address. Addresses range from
00 to 30. Default address is 09. When the
controller sets local lockout, the "ADDRESS"
key is inactive.

3. Use the controller and GPIB commands (table
3-4)to send a command string to the Model 91.
LOCAL Key
The "LOCAL" key (32) switches control of the Model 91
from the GPIB bus to the front panel. Receipt of any
GPIB command (if the controller simultaneously as-
sertsthe REN line ofthe GPIB) by the Model 91 disables
the front panel to the extent that parameter settings can
De read but modes or numbers cannot be changed.
Pressing the "LOCAL"key returns full control to the front
panel except when the universal command LLO has
Deen issued by the controller. LLO disables the 'LO-
CAL" key so full control cannot be obtained at the
frontpanel.

3.4 GPIB COMMAND STRUCTURE

3.4.1 Introduction

Paragraph 3.4 covers the following topics:
Model 91 Commands Paragraph 3.4.2
Universal and Addressed Commands
Paragraph 3.4.3
Detailed Command Descriptions
Paragraph 3.4.4.
Service Requests Paragraph 3.4.5.
Displaying Messages Paragraph 3.4.6.
Self-test Query Responses Paragraph 3.4.7

3.4.2 Model 91 Commands

3.4.2.1 Command Types

The Model 91 has four types of commands: parameter,
enumerated, direct, and cuery. The following text
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discusses each type. A column in table 3-4 provices a
link between the Model 91 GPIB commands and this
paragraph. The examples terminate the commands
with semicolons (;) or closing quotes (“). The controller
may send just the command name without a value and
the Model 91 will display that parameter's currentvaiue.
Replacing the numerical value with a “?" (query) will
make the Model 91 display and send the current value
to the controller as a string of characters. Do not send
an EXECUTE command after a query command, the
string will not be sent because the EXECUTE command
has put the Model 91 in a “listen for more commangs”
mode. See paragraph 3.4.2.2, Terminators for more
information.

Parameter Commands
Parameter commands specify a particular numerical
value within a continuous range of values. The vaiues
can be in exponential (E) notation or free format.
Format:
<header>SPACE<value>TERMINATION

The header specifies the parameter and the value
specifies the numerical value. Table 3-4 lists the
parameter commands and their allowable value ranges.

Examples
FREQUENCY 2E3; Sets the frequency at 2kHz.
PHASE 87; Sets the phase at 87°.
SWEEPTIME 2.3; Setsthe sweeptime at2.3
seconds.

Enumerated Commands
Enumerated commands provide a list of distinct choices.
Either the name or numerical value can be used.
Format:
<header>SPACE<argument>TERMINATION

The header specifies the parameter and the argument
specifies the choice. A number or a descriptive char-
acter string can be used for the argument. Table 3-4,
Range, Value lists the enumerated commands and
their arguments.

Example

FU 20rFU sQ Selects square wave.

Direct Commands
Direct commands make the Model 91 perform an
immediate action.
Format:
<header>TERMINATION

The header specifies the action. Direct commarncds
have no value or argument. Table 3-4 lists all the cirect
commands.



Examples
RESET; Resets 91 parameters
TRIGGER; Triggers waveform or sweep
EXECUTE; Executes preceding com-
mands in string.
FASTEXECUTE; Executes the command

string without error checking
Query Commands
Query commands tell the Model 91 to send information
to the controller. However, the Model 91 will not send
the information when it receives the command, but
waits until the controller addresses it as a talker. Only
one guery command can be sent at a time. If two or
more are sentin a query string, the Model 91 responds
10 the last query.

Format:
<header> <?>TERMINATION

The header specifies the type of information. Because
all parameter command headers (and most enumer-
ated command headers) can also serve as query
headers, the question mark tells the Model 91 to send
(rather than receive) the information. Certain other
headers appear only in query commands.

Parameter Header Examples:

FREQUENCY?; Returns current frequency.
PHASE?; Returns current phase.
Enumerated Header Examples:
FUNCTION?; Returns current output
waveform.
OUTPUT? Returns current output
setting.

Query Header Examples:
MAINPARAMETERS?; Returns current main param-
eters.
SRQ?; Returns current SRQ byte.
STATUSBYTE?; Returns status byte.
The controller does not read the gquery responses
unless a program sends the query and the controiler
reads the results. The following BASIC program que-
ries the Model 91 about its frequency and displays the
results on the controllers screen.
10 CLEAR Clears screen.
20 WRITE @ 709:"FR?" Write command to Model
35 (Port 7, address 09).
Dimension string to 25
characters.
40 READ @ 709:STRINGS$ Reads returning
string.
Prints string to screen.
Ends program.

30 DIM STRING$*25

50 PRINT STRINGS
60 END

3.4.2.2 Model 91 Command Syntax

Commands sent by an instrument controller to thre
Model 91 must follow the syntax given in table 3-3. Tre
following text discusses command string ogeration.
command processing, terminators, minimum unig.s-
ness, and query commands.

Table 3-3. Model 91 Command Syntax
Typical Command Line: WRITE @709:”FR
2E4;0P 1;FU SQ;FR;EX”
Syntax Explanation

WRITE @709 WRITE @709 is only an examole. this ¢zr-
mand depends on the controller. Th's
format tells the controiler to send the corr-
mand string out port 7 (the GPIB port) o the

Model 91 (at address 09 on the GPIB tus).

_ Enclose the command string in guotes.
Either single or double quotes can serve as
string delimiters.
X Separate commands with semicolons. See
“terminators” in the text for the reasons for
this requirement.

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

FR Use the minimum unigueness version (FR),
a longer version that contains the FREQ
minimum uniqueness letters (FREQ), or the
full version (FREQUENCY) of each Frequenrcy
command in programming. Table 3-4 speils
out the commands and indicates the mini-
mum uniqueness with capital letters (FR).
The text gives examples of full, partial, anc
minimum uniqueness command strings.

FU 2 Enumerated commands that select a func-
tion (such as FU, select channel output
FU sQ waveform) allow the function to te
selected by either number (2) or by name
(8Q), (square waveform). Table 3-4 lists
the enumerated commands and their ar-
guments (names or numbers).

Drop the numerical value of a parameter
command to make the Model 31 display
that parameter. For example, ;A; will
display the amplitude. Use this feature in
step-by-step operation to follow and verify
program operation.

~e
~

“EX” Place an EXECUTE command atthe erd ¢?
a command string to initiate the preceding
commands. The Model 91 accepts comr-
mands and puts themin the pending setuo




Table 3-3. Model 91 Command Syntax (Continued)

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

Syntax . Explanation

registers, but it will not generate their out-
put until an EX command is sent. EX also
puts the Model 91 in the “listen for more
commands” mode; therefore, do not put
EX after a query (?) command as it will
prevent the Model 91 from returning the
answer,

? Replace the numerical value of a param-
eter command with a ? to make the Model
91 return the current setting of that param-
eter as a string of characters. Table 3-4
lists the query commands and shows the
format of the returning strings. Query com-
mands alsc make the Model 91 display the
menu of the requested parameter. Thetext
gives a short program that makes the con-
troller accept and display the returning
information. Do not use EXECUTE aftera ?
command.
Command String Operation
The command string works as follows:

WRITE @ 709:”FR 2E4;0S 1;FU

SQ; FR;EX”

WRITE @ 709: This command depends on
the controller used.

FR 2E4 Sets the frequency to 20
kHz.

0s 1 Selects unbal 75Q output .

FU SQ Selects a square waveform.

FR Tells the Model 91 to display
the frequency value.

EX Makes the Model 91 convert

all these commands to a
signal output.

How Does the Model 91 Process Commands?

The Model 91 256-character listen buffer receives the
commands from the instrument controller. If the listen
buffer fills up before receiving an EXECUTE command,
it will stop accepting commands, distribute its contents
10 the next-setup registers, then again accept com-
mands. The commands in the next-setup registers will
not take effect until the Model 91 receives an Execute.

The listen buffer accepts all commands regardiess of
syntax errors. When the Model 91 processes the
commands in the listen buffer, it copies the defective
commands over into the SRQ buffer and labels them
with PE.Q to indicate defective syntax. The parameters
andfunctions that the defective commands would have
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changed remain unchanged. If a command appearsin
the SRQ buffer, the Model 91 ignores it.

Terminators

A terminator tells the Model 91 that it has reached the
end ofthe current command. The Mode! 91 recognizes
spaces, semicolons (;), and the EXECUTE command as
terminators.

3.4.2.3 Model 91 Command List

Table 3-4 contains a listing of all Model 91 GPIB
commands. Table 3-4 uses the following format to list
and briefly describe the complete Model 91 GP'B
command set. For information on how the commancs
work together to perform a task, refer to paragrapn 3.5.
Command Column

This column lists all the commands alphabetically oy
their full names. Arguments for the commands are
indented. In the sample from table 3-4, the Model 31
recognizes the full command FREQUENCY.

Minimum Uniqueness (Min. Unin.) Column

Capital letters in this column indicate the minimum letter
combination required by the Model 91. In the sample,
the minimum command the Model 91 recognizes for
FREQUENCY is FR. The unit also accepts a longer
abbreviation that contains all capital letters FREQ.
Command Type Column

This column lists the command types describea in
paragraph 3.4.2.1. Referto paragraph 3.4.2.1 to better
understand the command syntax.

Range Column

This column contains three parts: minimum value, maxi-
mum value, and enumerated value. These are the
numeric arguments for the command. The enumerated
value represents a numeric value that can be used in
place of a minimum unique argument.

Description Column

This column describes the function of the command or
argument.

Associated Key Column

This column identifies front panel keys which are re-
lated to the GPIB command. Not all commands will
have an equivalent key.

Other Sources of this Data

The HELP? command provides less complete forms of
the data givenin table 3-4. HELP? sends alist of all the
commands, arguments, and ranges to the GP!B con-
troller.

3.4.3 Universal and Addressed Commands

Universal and addressed (U/A) commands make most
GPIB instruments perform generally accepted stan-
dard functions. Usually, universal commands control
all the instruments on the GPIB bus, while addressed



Table 3-4. Mode! 31 GPIB Command Set

COMMAND MIN COMMAND RANGE DESCRIPTION ASSOCIATED
UNIN. TYPE (3.4.2.1) | MIN MAX VALUE KEY

AMPLITUDE AM Parameter 1E-3 15 Set Amplitude Vpp . AMPLITUDE (5

AMPLITUDE? AM? Query Reguest current AMPLITUDE (3)

amplitude.

AUTOCALIBRATE AC Direct Start Auto-Calibrate. CALIBRATE (3)

BURSTCOUNT B Parameter 1 1E6 Sets number of BURSTCOUNT(24)

bursts.

BURSTCOUNT? B? Query Requests current BURST COUNT

burst count number (24)

CALIBRATIONDUMP?| Query

CUSTOMLOWERLVL | CUL Parameter -1.9 3.8 Sets lower level of CUSTOM LOWER

custom pulse (Vdc) LVL (21)
CUSTOMLOWERLVL?| CUL? Query Requests current CUSTOM LOWER
custom puise lower LVL (21)
level,
CUSTOMUPPERLVL | CUU Parameter -1.5 4.2 Sets upper level of CUSTOM UPPER
custom pulse (Vdc). LVL (20)
CUSTOMUPPERLVL? | CUU? Query Request current CUSTOM UPPER
custom pulse upper LEVEL (20)
level.
DCouT OC Parameter -7.5 75 In dc function, sets OFFSET (7)
dc offset value.

DCouT? DC? Query Request current dc OFFSET (7)

offset value.

DELAY DL Parameter 0 2E3 Set pulse delay for DELAY (17)

delayed and second
pulse position for
double pulse.

DELAY? DL? Query Request current DELAY (17)

delay.

EXECUTE EX Direct Executes previous ENTER (39)

commands.
FASTEXECUTE FE Direct Same as EXECUTE
except faster and no
error checking.

FREQUENCY FR Parameter 1E-3 | 1E8 Selects Frequency FREQ/PER (4)
Hz.

FREQUENCY? FR? Query Requests current FREQ/PER (4)

frequency.

FUNCTION FU Parameter 0 7 Selects Function. FUNCTION (18)
SINE Si Enumerated 0 Selects sine function. | FUNCTION (18)
TRIANGLE T Enumerated 1 Selects triangle FUNCTION (18)

function.
SQUARE SQ Enumerated 2 Selects square FUNCTION (718)

function.
DC D Enumerated 3 Selects dc function. FUNCTION (718)
PULSE P Enumerated 4 Selects single pulse. | FUNCTION (18)
DELAYEDPULSE DE Enumerated 5 Selects delayed pulse. | FUNCTION (18)
DOUBLEPULSE DO Enumerated 6 Selects double pulse. | FUNCTION (18)
EXTERNALWIDTH E Enumerated 7 Selects external

width pulse. FUNCTION (18)

FUNCTION? FU? Query Request current FUNCTION (718)

function.

GATECON GN Direct Gate mode on. MAN TRIG (25)

GATEOFF GF Direct Gate mode off. MAN TRIG (25)

HELP? | H? Query Requests a list of GPIB

commands.

()
'

N
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Table 3-4. Model 91 GPIB Command Set (Continued)

COMMAND MIN COMMAND RANGE DESCRIPTION ASSOCIATED
UNIN. TYPE (3.4.2.1) | MIN MAX VALUE KEY
LOCKSQURCE LS Parameter 0 1 Selects phase lock LOCK SOURCE
source. (11)
INTERNAL | Enumerated 0 Selects internal LOCK SOURCE
phase source. (11
EXTERNAL E Enumerated 1 Selects external LOCK SOURCE
phase source. (1
LOCKSOQOURCE? LS? Query Requests current LOCK SOURCE
phase source. (17)
LOWERLEVEL LL Parameter -75 7 Selects waveform
amplitude lower level | LOWER LVL (21)
LOWERLEVEL? LL? Query Request current
lower level. LOWER LVL (271)
MQODE MO Parameter 0 7 Selects operating
mods. MODE (22)
CONTINUQUS C Enumerated 0 Selects continuous MOBE (22)
. mode.
TRIGGER T Enumerated 1 Selects triggered MQDE (22)
mode.
GATE G Enumerated 2 Selects gated mode. | MODE (22)
BURST B Enumerated 3 Selects burst mode. MQODE (22)
AM A 4 Selects AM mode. MODE (22)
SCM sC Enumerated 5 Selects SCM mode. MQODE (22)
FM F Enumerated 6 Selects FM mode. MODE (22)
SWEEP SwW Enumerated 7 Selects Sweep mode | MODE (22)
MQDE? MQO? Query Request current MODE (22)
mode.
MAINPARAMTERS? MPM? Query Request current main
parameter.
OFFSET OF Parameter -7.5 +7.5 Select waveform offset| OFFSET (7)
voltage (Vdc).
OFFSET? OF? Query Request current offset | OFFSET (7)
value.
OouTPUT oP Parameter 0 1 Turns output on or ON/QFF (36)
off.
OFF OF Enumerated 0 Turns output off. ON/QFF (36)
ON ON Enumerated 1 Turns output on. ONJ/OFF (36)
QuUTPUT? oP? Query Request output ON/OFF (36)
condition.
OUTPUTSELECT oS Parameter 0 4 Selects output and SELECT (36)
impedance
UNBALANCEDS0 uso Enumerated 0 Selects 50Q SELECT (36)
Unbalanced output.
UNBALANCED75 u7s Enumerated 1 Selects 75Q SELECT (36)
Unbalanced output.
UNBALANCEDSG00O | U600 Enumerated 2 Select 600Q SELECT (36)
Unbalanced output.
BALANCED600 B600 Enumerated 3 Selects 600Q SELECT (36)
Balanced output.
BALANCED135 8135 Enumerated 4 Selects 135Q SELECT (36)
Balanced output
QUTPUTSELECT? 0s? Query Request current SELECT (36)
output selection.
PHASE PH Enumerated | -180 +180 Selects phase angle | PHASE (8)
in degrees)
PHASE? PH? Query Request current
phase shift. PHASE (8)
PARAMETERRESET PR Direct Resets last

transmitted parameter

PARAM RESET (2)
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Table 3-4. Model 91 GPIB Command Set (Continued)

COMMAND MIN COMMAND RANGE DESCRIPTION . ASSQOCIATED
UNIN. TYPE (3.4.2.1) | MIN MAX VALUE KEY
PULSELQGIC PO Parameter 0 1 Selects pulse output
logic.
NCRMAL N Enumerated 0 Selects normal puise | PULSE
. output. SETUP (19)
COMPLEMENT cC Enumerated 1 Selects Complement | PULSE
pulse output. SETUP (19)
PULSELOGIC? PQ? Query Request current i PULSE
pulse logic. i SETUP (19)
PULSETYPE PY Parameter 0 4 Selects logic level of | PULSE
Pulse Qut. SETUP (19)
TTL T Enumerated 0 Selects TTL puise PULSE
levels. SETUP (19)
CMQS CM Enumerated 1 Selects CMOS PULSE
pulse levels. SETUP (19)
POSITIVEECL P -Enumerated 2 Selects +ECL PULSE
pulse levels SETUP (19)
NEGATIVEECL N Enumerated 3 Selects -ECL PULSE
pulse levels SETUP (19)
CUSTOM Cu Enumerated 4 Selects Custom PULSE
pulse levels. SETUP (19)
PULSETYPE? PY? Query Request current PULSE
pulse level type. SETUP (19)
PULSEPARAMTERS? | PPM? Query Requests all puise
parameters.
RESET R Direct Reset all parameters | RESET ALL (2)
except GPIB address,
all units, and display
intensity.
RANGELOCK RA Parameter 0 1 Locks generator to
current freq. range.
OFF OF Enumerated 0 Normal range.
ON ON Enumerated 1 Locks range.
RANGELOCK? RA? Query Request current
range lock
condition.
RECALLSETTING RCL Parameter 1 5 Recalls stored RECALL (6)
settings in selected
location.
RECALLSETTING? RCL? Query Requests last RECALL (6)
recalled setting.
REARQUTPUTS RO Parameter 0 1 Turns Pulse Outputs PULSE (719)
on or off.
ON ON Enumerated 1 Turns Pulse PULSE
Output on. SETUP (19)
OFF OF Enumerated 0 Turns Pulse PULSE
Output off. SETUP (19)
REARQUTPUTS? RO? Query Request current PULSE
Pulse Output state. SETUP (19)
SELFTEST? SLFT? Query Requests Self Test
results.
STORESETTING STS Parameter 1 5 Stores current setup STORE (€)
in memory.
STORESETTING? STS? Query Requests last stored | STORE (6)
setting.
SYMMETRY SY Parameter 5 95 Select variable SYMMETRY (7)
symmetry value.
SYMMETRY? Sy? Query Request current SYMMETRY (7)

symmetry value.
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Table 3-4. Model 91 GPIB Command Set (Continued)

COMMAND . MIN COMMAND RANGE DESCRIPTION i ASSOCIATED
. UNIN. TYPE (3.4.2.1) | MIN MAX VALUE KEY
SWEEPSTART | STA Parameter 1E-3 | 20E6 Select sweep start SWEEP MODE (256)
; frequency (Hz).
SWEEPSTART? " STA? Query Request current SWEEP MQODE (25)
j sweep start
‘ frequency.
SWEEPSTOP "'STO Parameter 1E-3 20E6 Select sweep stop SWEEP MODE (26)
frequency (Hz)
SWEEPSTOP? STO? Query Requests current SWEEP
stop frequency. MODE (26)
SWEEPTIME i STI Parameter 100E-3 | 3600 Select sweep time TIME (28)
(seconds).
SWEEPTIME? STI? Query Requests current TIME (28)
sweep time.
SWEEPTRIGFREQ STF Parameter 10E-3 | 10 Selects internal TRIG FREQ (27)
triggered sweep
frequency (Hz).
SWEEPTRIGFREQ? STF? Query Request current TRIG FREQ (27)
internal trigger
sweep frequency.
SWEEPTYPE STY Parameter 0 3 Selects Lin or Log LIN/LOG (26)
sweep.
LINEAR LI Enumerated 0 Selects linear sweep. | LIN/LOG (26)
LOG LO Enumerated 1 Selects log sweep. LIN/LOG (26)
UDLIN uLl Enumerated 2 Selects up/down LIN/LOG (26)
linear sweep.
UDLOG uLo Enumerated 3 Selects up/down LIN/LOG (26)
log sweep.
SWEEPTYPE? STY? Query Requests current LIN/LOG (26)
sweep type.
SWEEPMODE SMD Parameter 0 4 Selects sweep modes. | SWEEP MODE (25)
START SA Enumerated 0 Sets generator to SWEEP MODE (26)
sweep start
frequency
STOP SO Enumerated 1 Sets generator to SWEEP MODE
stop frequency. (26)
CONTINUQUS cC Enumerated 2 Sets generator to SWEEP MODE
continuous sweep, (26)
TRIGGERED T Enumerated 3 Sets generator to SWEEP MODE (26)
triggered sweep.
MANUAL M Enumerated 4 Sets generator to SWEEP MODE (25)
manual sweep.
SWEEPMODE? SMD? Query Requests current SWEEP MQOCE (26)
sweep mode.
STATUSBYTE? ST8? Query Requests current
status byte value.
SERIALNUMBERS? SN? Query Requests unit's serial
number.
SRQMASK i SQM Parameter 0 255 Allows selection of
items that initiate
a SRQ.
SRQMASK? SQMm? Query Request current
SRQ Mask value.
SRQ? : SRQ? Query Reads SRQ value.
SYNCTIMING SC Parameter 0 1 Selects Sync type. SYNC (14)
FRONT F Enumerated 0 Selects front panel SYNC (14)
sync outputs.
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Table 3-4. Model 91 GPIB Command Set (Continued)

COMMAND MIN COMMAND RANGE DESCRIPTION ASSOCIATED
UNIN. TYPE (3.4.2.1)| MIN MAX VALUE KEY
REAR R Enumerated 1 Select rear panel SYNC (14)
Sync outputs.
SYNCTIMING? SC? Query Request current
Sync output.. SYNC (14)
TRIGGERFREQ TF Parameter 1E-3 50E6 Select internal t TRIG FREQC (27)
trigger frequency.
TRIGGERFREQ? TF? Query Request current trigger| TRIG FREQ (27,
frequency.
TRIGGER TGG Direct Initiates a trigger. MAN TRIG 725,
TRIGLEVEL TV Parameter -5 5 Select trigger level, TRIG SETUPRP (2¢)
TRIGLEVEL? ™? Query Requests current TRIG SETUPR r2¢)
trigger level.
TRIGSLOPE TSL Parameter 0 1 Selects trigger slope | TRIG SETUP (24)
NEGATIVE N Enumerated 1 Selects negative- TRIG SETUP (24)
going slope.
POSITIVE P Enumerated o] Selects positive- TRIG SETUP (24)
going slope.
TRIGSLOPE TSL? Query Request current TRIG SETUP (24)
trigger slope. RESET ALL (2)
TRIGGERSOQURCE TSO Parameter 0 2 Selects trigger TRIG SETUP
source. (24)
INTERNAL I Enumerated 0 Selects internal TRIG SETUP (24)
trigger source.
EXTERNAL E Enumerated 1 Selects external
trigger source. TRIG SETUP (24)
MANUAL M Enumerated 2 Selects Manual TRIG SETUP (24)
Trigger as the trigger
source.
TRIGGERSQURCE? TS0O? Query Requests current TRIG SETUP (24)
trigger source.
TRIGPARAMETERS? | TPM? Query Requests all current TRIG SETUP (24)
trigger parameters
UPPERLEVEL uL Parameter -7 7.5 Selects waveform UPPER LVL (22)
amplitude upper
level (Vdc).
UPPERLEVEL? uL? Query Requests current UPPER LVL (29)
upper level.
VERSION? Vv? Query Request software
version number.
WIDTH w Parameter 10E-9 | 2E3 Selects pulse WIDTH (16)
width (sec)
WIDTH? wW? Query Requests current WIDTH (16)

pulse width.




commands control individual instruments at specific
addresses on the bus. The Model 91 accepts the
following U/A commands:

Command Type Function

DCL Universal Device Clear

GET Addressed Group execute
trigger

GTL Addressed Go to local

LLO Universal Local lockout
command

sSDC Addressed Selected device
clear

Paragraph 3.4.4, Detailed Command Descriptions, dis-
cusses these U/A commands and selected Model 91
commands in detail.

Universal and Addrassad Syntax

This manual uses generic names to identify the univer-
sal and addressed commands and the functions they
perform. Individual controllers will use differently named
commands to perform these same functions. See the
manual for the controller being used to determine the
actual command names and the syntax they require.

3.4.4 Detailed Command Descriptions

The following paragraphs describe in detail the unique
Model 91 GPIB commands that perform functions not
controlled by the front panel and the GPIB universal
and addressed commands recognized by the Mode! 91.
Use the following list to identify these specialized com-
mands.

Command Type Description

DCL Universal Device Clear

GET Address Group Execute Trig-
ger

GTL Address Go To Local

HELP? Modei 91 HELP?

LLO Universal Local Lock Out

MP? Model 91 Main Parameters

SRQ? Model 91 Service Request?

SQM Model 91 Service RequestMask

SQM? Model 91 Service Request
Mask?

STB? Model 91 Status Byte?

v? Model 91 Version?

Frant Panel Restrictions

The Model 91 limits the operator's use of the front panel
with two levels of increasing restrictions as shown in
table 3-5.
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GPIB Control - The Model 91 switches to GPIB control
when the instrument controller asserts the GPIB REN
(remote enable) line and sends to the Model 91 its listen
address. The controller command string WRITE @709:"-
command string-" will automaticaily perform these two
actions. The GPIB control restricts further front panel
operation as described in table 3-5. The Mode! 91 will
remain under the GPIB control until the operator presses

the "LOCAL" key (32).
Table 3-5. Front Panel Restrictions
F P Op Limit > No GPIB | LLO
Control| Cmd
Operator
Can:
See Display? Yes Yes Yes
Display Parametsrs? Yes Yes Yes
Take Control From GPIB? | Yes Yes No
Change Parametars? Yes No No

Local Lockout Command - All instruments on the bus
recognize the universal local lock out command LLO: it
cannot be directed to just one instrument. LLO restricts
operation of the Model 91 frant panel as described in
table 3-5.

GoToLocal Command - The Go To Local command (GTL)
cancels the LLO command and returns the Model 91
front panel to full operator control. All instruments on
the bus recognize the addressed command GTL; how-
ever, it must be sent to each instrument individually.
GTL becomes effective on receipt; the Model 91 does
not require that it be followed with another command.
Group Execute Trigger Command

The Group Execute Trigger command, GET, triggers
whatever trigger function set up within the Model 91. All
instruments on the bus recognize the GPIB addressed
GET command. However, GET can be sent to just one
instrument atatime. The Model 91 triggers the selected
function immediately on receipt of the GET command.
HELP? Command

The HELP? command makes the Model 91 return a list
ofthe Model 91 primary and secondary commands and
their limits as a string to the controiler. HELP? requires
that a program be written to make the instrument
controller accept and print the returned list. The follow-
ing program requests the list, accepts it, and sendsitto
a printer connected to the GPIB bus. Table 3-4 pro-
vides the same information as the list this program
prints.



HELP Print Program

10 DIM AS$*255 Dimension String to 255

Characters.

11 WRITE @709:"HELP?” Write HELP to port 7,
address 09.

12 READ @709:A$ Read the String

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

170
14 PRINT AS Print the list
15 GO TO 12
17 END End Program

Main Parameters? Command

The MPM? command makes the Model 91 return the
current setting of the Model 91 main parameters as a
string to the controller. The controller can save this
string, then send it back to the Model 91 at a later time
to restore the parameters to their previous values. A
typical response could be "'FR 1E3,FU 0,MO 0,AM
5S,0F0,Ls0, PO, SYM50, STA 1E3,STI 1,STY
0,SMD 0,08 0,0P 0"

Pulse Parameters? Command

The PPM? command makes the Model 91 return the
current setting of the Model 91 pulse parameters as a
string to the controller. The controller can save this
string, then send it back to the Model 91 at a later time
to restore the parameters to their previous values. A
typical response could be ‘W 500E-9,0L 1E-6,UL
2.5,LL -2.5,PY 0,RO 0,PO 0,CUU 500E-9,CUL
0,SC 0"

Trigger Parameters? Command

The TPM? command makes the Model 91 return the
current setting of the Model 91 trigger parameters as a
string to the controller. The controller can save this
string, then send it back to the Model 91 at a later time
to restore the parameters to their previous values. A
typical response could be '8 5,TQ 100,TV 0,TSL
0,TSO 0"

Device Clear Command

The device ciear command DCL resets the Model 91
to the power-up conditions, but leaves it in the remote
(GPIB controlled) mode. All instruments on the bus
recognize the GPIB universal command DCL (device
clear). To reset everything on the bus, use DCL @7,
where 7 specifies the GPIB bus port of the controller. To
reset just one instrument, use DCL @709, where 09
specifies the instrument address. The Model 91 resets
itself immediately when it receives either command.
Reset Command

The RESET command resets the Model 91 to default
conditions. Table 3-1 lists the Model 91 defauit
conditions.

Version? Command
The VERSION? command makes the Model 91 return
the software version of the Model 91 EPROM as a string
ofcharacters. Version? requires a program to make the
instrument controller use the returned string. The
following program requests the version, accepts it, ara
writes the data to the screen.

Version? Print Program
10 CLEAR

20 WRITE 8709:"v?2”

Clear screen

Write VERSION? t0 oert

7, address 09.

30 DIM VERSIONS$*S0 Dimension string :0 30
characters.

40 READ @709:VERSIONS Read returning string

50 PRINT VERSIONS Print string to screen

60 END End program

Running the "Version? Print* program will produce ‘he

following print out: WVTK 91 XXX YY.YY, where X

represents the any options installed and Y recresent

the firm ware version number.

3.4.5 Service Raquasts - SRQ

The following paragraphs discusses service requests,
describes the commands associated with them, and
lists the service request messages the Model 31 ger-
erates. The Model 91 can set the SRQ line whenever a
programming error occurs, a hardware error occurs, an
event is completed, Phase lock changes state, or a
Calibration message is displayed.

SRQ Concepts

What Does the Sarvice Request Tell the Controller?

The Model 91 service request tells the controller thatthe
Model 91 wants attention by asserting the SRQ iine of
the GPIB bus. Because any instrument on the bus can
assert this line, the controller must read the status byte
of each instrument in turn to determine which one
requested attention.

What Does the Status Byte Tell the Cantroller?

The Model 91 uses five of the eight bits in its status byte.
One tells the controller if the Model 31 requested
service. The others indicate the type or types cf
messages (programming error, event, Phase Lock state,
or Calibration messages) the Model 91 wants to send.
Figure 3-6 shows the format of the Model 91 status
byte. If the controller wants to know the sgecific
message within the category, it must read the Model 91
SRQ buffer.

What Does the SRQ Buffer Tell the Controllar?

The Model 91 SRQ buffer stores the programming
error, event complete, Phase Lock state, and Cailibra-
tion messages untilthe controller can readthem. Tacles
3-6 through 3-9 list all of the SRQ messages.

)
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SRQ COMMANDS

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

SRQ Mask Command

The SQM command makes the Model 91 selectively
ignore one or more of the four types of conditions that
make it produce service requests. For example, if
programming errors were masked out, the Mode! 91
would not load messages for specific programming
errors into the SRQ buffers and it would not set the PE
and service request bits in the status byte. Figure 3-6
shows the positions and the corresponding decimal
mask vaiues required to block out PE, CM, PL, and EV
messages. The SRQ mask is reset to SRQ mask #1
(programming error only) at power on. Itis notchanged
by “RESET". To setup the SRQ send the total decimal
equivalent of the desired status items. Always end the
string with an EXECUTE. For example, to allow the
Model 91 to respond to programming errors and cali-
bration messages, send: SQM 3 EX.

SRQ Mask? Command

The SQM? command makes the Model 91 return the
current mask setting to the controller. The Model 91
sends the SRQ mask setting as the character string
SRQMASK#, where # gives the decimal equivalent of
the binary mask bits. To use SRQMASK?, write a
program that first asks the Model 91 to send the mask,
then tells the controller how to receive and process the
returning string. Sending this command also causes
the Model 91 to display the SRQ mask as a binary value.

Status Byte? Command

The STB? command makes the Model 91 send its
current status byte to the controller over the GPIB bus.
The Model 91 sends its status byte as a string of
Characters with the format STB=##, where ## gives the
decimal equivalent of the status byte. STatusByte?
reads, butdoes notreset, the status byte of the Mode! 91.
To use STatusByte?, write a program asking the Model
9110 send the status byte, then tell the controller how to
receive and process the returning string.

SRQA? Command

The SRQ? command makes the Model 91 send the
contents of the SRQ buffer to the controller over the
GPIB bus. The Model 91 sends its SRQ buffer contents
as a string of characters with the format SRQ = MES-
SAGES, where MESSAGES represents a string of mes-
sages. Reading the SRQ buffer empties it. To use
SRQ?, write a program that first asks the Model 91 to
send the SRQ buffer messages, then tells the controller
how to receive and process them.

3-26

91 REQUESTED
SERVICE
BECAUSE:

PHASE LOCK STATE
CHANGE

EVENT
CALIBRATION

MESSAGE
PROGRAMMING
ERROR
G X TX TP T o] sra sTATUS BYTE
LxJrev[ x TxJeJoveuTme] smramask syTeE
Lrlefsf«fsT2] " T°]errosimion

ol @ Jaa[ e o« 2] ] BITWEIGHT

Figure 3-6. Model 91 Status Byte and SRQ Mask

The Model 91 puts messages in the SRQ buffer in this
general format:
SRQ=/PE:n Description//CM:n Description//EV:n De-
scription//PL:n Description/

Slashes (/) enclose each message. PE identifies a
programming error message, CM identifies the calibra-
tion error message, EV is an event complete message,
and PL indicated a phase lock state change. “n”
identifies a specific message within the type. This fixed
format header allows a computer to easily parse (de-
code) the message. “Description” describes the error
in English for the benefit of human readers. Table 3-6.
lists all the SRQ programming error messages, table
3-7 lists all the SRQ calibration error messages, table
3-8lists allthe SRQ eventerror messages, and table 3-9
lists all the SRQ phase lock state change error mes-
sages.

3.4.6 Displaying Messages

The Model 91 can accept messages from the GPIB bus
and display them on the front panel display. Use this
feature to give instructions to an operator or to display
information.

Message Format

Send messages in this format:
WRITE @€709:” ‘TEXT'*

The standard double quotes (") identify the command
string. The single quotes (') identify the contents as a
message rather than commands. Messages do not
require an Execute command.
Message Size
The Model 91 display allows a maximum message size
of 16 characters. The Model 91 ignores any characters
beyond these limits.
Erasing Messages
Press any key or send another GPIB command string to
return to normal Model 91 displays. To erase the
previous message, send a new message.



3.4.7 Self-test Query Responses Triggered Mode paragraph 3.3.7
When the Model 91 receives a SELFTEST? command, gjrtsthhg%%e ggggzgg g g g
it sends the total decimal value of selftest error that Amplitude Modulation paragrapn 3510
occurred at power on. Refer to table 3-6 Suppressed Carrier
Modulation aragraph 3.3.11

3.5 OPERATION Frequency Modulation garag'agh 3512
Paragraph 3.5 ties together the descriptions of the Voltage Controlled Generator
controis and connectors (paragraph 3.2), as well as VCG paragraph 3.5.°3
GPIB commands (paragrapn 3.4), into sets of instruc- _[Q{(i:ntlgreo;séiweep paragrapﬂ g s
tions on performing various operations using the Model Magn%al Sweegep Bg;:g;:gh 33 g
91. To quickly get familiar with the Model 91, perform Single Pulses paragrapn 3517
the Initial Checkout Procedure - paragraph 2.3.5. Delayed Pulses paragraph 3.5.*8

. . L , Double Pulses aragraph 3.5.12
The operations described in this paragraph are listed External Width garagragh 2529
below. Storing and Recalling paragraph 3.5.2¢
Basic Instrument Setup paragraph 3.5.3 Settings
Variable (Time) Symmetry paragraph 3.5.4
Phase Lock and Phase Shift paragraph 3.5.5

Table 3-6. SRQ Programming Error Messages

Message

Description

/PE:0 < defective command string > /

[PE:1 < parameter header >/

/PE;2:< param# >:< param# >

The Model 91 did not recognize the command it received. A <defective commang
string > is whatever erroneous data the Model 91 raceived over the bus.

This is a limit error. An attempt was made to set a parameter to an illegal value. A
<parameter header> is the maximum header string; that is “FREQUENCY" cr
“AMPLITUDE".

This is a setting conflict error. This service request will < param name >-< zarar
name > occur after an execute command if there are CONFLICT/
conflicting settings. It will only flag the first conflict

that it finds.

< param# > < param name > < param# > < paramname >
RNGLOCK 15 LWRLVL

2 MODE 16 UPRLVL

3 FUNC 17 LWRCST™M

4 SYM 18 UPCSTM

6 OFST 19 DELAY

7 AMPL 20 WIDTH

8 EXTLOCK 21 PERIOD

9 OUTSEL 22 FRNTOUT

10 SWPSTR 23 WD + 0L

1 SWPSTP 24 SYNC

13 AMP + OFST

14 FREQ

Table

3-7. SRQ Calibration Messages

Message

Description

/CM:0 < cal index >< cal name >/

/CM:1 WAIT < time > MIN/

This is a failure to complete an AutoCal step.

AutoCal< cal index > is a number

associated with the calibration parameter that failed adjustment.

< cal name > identifies a name associated with the failed calibration carameter .

AutoCal was attempted before the required 20 minute
warm-up. < time > is the time (in minutes) remaining before an AutoCai can ce

performed.
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Table 3-8. SRQ Event Complete Error Messages

Message

Description

/EV:0 AUTOCALIBRATION COMPLETE/

/EV:1 EXECUTE COMPLETE/

/2V:2 SWEEP COMPLETE/
/EV:3 BURST COMPLETE/

AutoCal was compieted.

Execute was complete. After an execute command, the Model 91 will serd
either this service request or a PE:2 (assuming both PE and EV SRQ's are
enabled by the SRQ mask).

Sweep was completed.

Burst count was complsted.

Table 3-9. SRQ Phase Lock Stats Change Error Messages

Message

Description

/PL:0 PLL UNLOCKED/

/PL:1 PLL LOCKED/

The phase lock loop has changed from an unlocked state to alocked state.

The phase lock loop has changed from a locked state to an unlocked state.

Table 3-10. Selftest Query Error Massages

Message (Dec) Description
128 RAM Lost Battery Backup - Calibration Corrupted
4,2, and 1 Main RAM Failure

Befere beginning the cperation of the Model 91, review
the general information in paragraphs 3.5.1 and 3.5.2.

3.5.1 Instrument Setup

Before using the Model 91, the primary power input
must be connected and outputs properly terminated.
Primary Power

Before using the Model 91, verify the voltage selector
andfuse (F) are setto match the primary power source;
see paragraph 2.4.1.

Output Terminations

For proper waveform levels and quality, each output
connector used must be properly terminated. Termina-
tion requires a correct combination of “load” or termi-
nator and the cable impedance thatmatches the Model
91 source impedance. Mostoutputs (Sweep Out, Sync
Out, Puise Out, etc.) have fixed output impedances,
listed in table 3-11. The Model 91 two function outputs
(Balanced and Unbalanced) have selectable source
impedances. The balanced and unbalanced outputs
each require different interconnection techniques; see
figure 3-7.

Unbalanced OQutput. For the unbalanced (single ended)
output, connect the output from the Model 91 to the
receiving instrument using a single cable or coax and
a single termination impedance which matches the
selected source impedance; see table 3-11 and figure
3-7 - Unbalanced Output. Infigure 3-7, Ry represents
the unit's selected output impedance.

Balanced Output. The primary .se for balance outputs
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would be audio and telecommunication devices that
drives differential inputs. To connect the Model 91
Balanced Output to the receiving instrument, use a
twisted pair and terminating impedance to match the
selected source impedance. The example shown in
figure 3-7.

Pulse Out and Pulse Out For proper pulse levels and rise
times, terminate these connectors with correct cables
and 50Q terminators.

Sync Out For proper sync levels and rise times, termi-
nate this connector with correct cable and 50Q termina-
tor.

Table 3-11. Model 91 Input/Qutput Impedancss

Connector Impedance Comments
UNBALANCED (35) | 50Q 75Q, Use SELECT (36)
or 600Q
BALANCED (38) 135Q, 600Q | Use SELECT (36)
SWEEP OUT (29) 600Q
MOD IN (30) 10kQ
SYNC OUT (13) 50Q TTL
EXTFREQIN (12 | 10kQ
REF IN (A) >1kQ OPTION 001
REF QUT (B) 50Q OPTION 001
TRIGIN(C) 2 kQ shunted
by <10 pF
PULSE OUT (D) 50Q
PULSE OUT (£) 50Q




3.5.2 Power On and Resst

Press the "POWER"key ( 1) to turn on or off the Model 91,
Turning on the power, returns the Mode! 91 to the last
instrument setup, except the output (Balanced or Un-
balanceq) will be off. The last selected output imped-
ance indicator (38) will flash. Use the *ON/QFF"key (36)
to activate the front panel output connectors.

Setting a Single Parameter to its Default Valus

From the front panel use the "PARAMETER RESET" key
(2) to reset the displayed parameter to its default value.
Refer to table 3-1, key item 2, “Model 91 Default
Conditions”.

Over the GPIB, send the command PARAMETERRESET
or PR 10 reset the last transmitted value to its default
value.

Setting All Parameters To Their Default Values

From the front panel, use the "SHIFT" key (37) "RESET
ALL" key (2) to reset all Model 91 parameters to their
default values.

Over the GPIB, send the command RESET or R to reset
all Model 91 parameters except the GPIB address.

3.5.3 Basic Generator Setup

The basic Model 91 produces continuous waveforms of
all functions at a single frequency with a fixed ampli-
tude. The frequency can be between 1mHz and
20 MHz for front panel oututs. At the rear panel Pulse
outputs the frequency limit is 50 MHz for pulses and
100 MHz for square waves. Between 20 Hz and
100 MHz the Model 91 internal synthesizer controls the
frequency accuracy and stability (10 ppm). The fre-
quency accuracy decreases to £3% below 20 Hz.

Paragraph 3.5.3.1 describes the steps required to set
up the Model 91 for continuous outputs using the front
panel. Paragraph 3.5.3.2 describes the steps required
to setup the Model 91 for continuous output using a
GPIB controller. Figure 3-8 shows a typical instrument
setup for continuous operation.

3.5.3.1 Local Operation

After power on (paragraph 3.5.2), use the following
steps 10 setup the Model 91 for continuous output.

1. Select the Mode. Use the "MODE" key (22) to
step to the continuous mode (CONT indicator
lit (23)).
To step backwards through the modes, press
the "SHIFT" key (37) and then hold down the
"MODE" key. Release the "MODE' key when
the indicator lights to select the mode.

2. Select the Function. Use the "FUNCTION" key
(18) to select the desired function: sine tri-

angle, or square. Fordc output, see stec 5. =C
Function.  If using the Pulse Outputs, s
Model 91 generates pulse (to 50 MHz) arc
sqguare waves (to 100 MHz. Holgding cown :~=
‘FUNCTION" key causes the unit 0 zycis
through the functions. Release the Key 1C sicC
and select the function. The appropriate ‘ur=-
tion indicator (15) will be lit.

Tostep backwards throughthe functions. orsss
the "SHIFT" key (37) and then hold down *rs
"FUNCTION" key. Release the "FUNCTICN'

key when the indicator lights on the desirsc
function.
3. Select the Frequency. Press the "FREQ/PE3"

key (4) to display the frequency. Use :rs
keypad (39) or the Knob (42), if enapiea (EN-
ABLE indicator (47) lit), to change the fre-
guency. The Knob increments or decrements
the value starting with the flashing gigit (Krco
key (39)) and automatically enters the new
value. Whenusing the Keypad, enter vaices as
actual numbers (5000) or exponential notation
(5E3), pressthe "ENTER"key (39) to accept the
new value. Frequency range for the functicr
generator is 1mHz to 20.00 MHz (frequercy
selected)or 1000.0s to 50 ns (period selectec)

Use the frequency's "UNITS" key (4) to seiec:
the unit of measure: frequency or pericd for :he
function generator .

Limitations:
Maximum frequency derates above 2MHz
when symmetry not 50%
Maximum frequency limited to 1MHz when
135Q and 600Q Balanced selected.
Minimum frequency limited to 20 Hz for
internal phase lock (accuracy =10 ppm)

4, Set up the Amplitude. Use the *AMPLITUDE"
key (5) to display the amplitude. Use the
Keypad (39) or the Knob (47), if enabled (EN-
ABLE indicator (40) lit), to change the ampli-
tude. The Knob increments or decrements the
value starting with the flashing digit (Knob ey
(39)) and automatically enters the new value.
When using the Keypad, enter values as actual
number (10) or exponential notation (1£1),
press the "ENTER" key (39) to accept the rew
value. Amplitude range for each function anc
each amplitude's units is listed below.

Sine Triangle Square
Vpp 1m-15Vpp 1m-15Vpp im-15Vop
Vp 06m-75Vp 0.6m-75Vp 06m-75Vp
Vrms 04ms-53Vms  03m-433Vms  0.5m-75Vms

dBm -56-+27.5d8m -578 -+257dBm  -53m--305:28m

(»)
'

)

o)



Use the Amplitude's "UNITS" key (5) to select
the unit of measure: Vpp, Vp, Vrms, or dBm.
Limitations:
Amplitude limited by Offset values (Offset
+ Vp s7.5V).
Amplitude limited to haif of maximum level
when AM selected.
Vpp and Vp only allowed when the dc
offset is not CVdc, symmetry is not 50%.

Set up the Offset. Use the "“OFFSET" key (7) to
display the dc offset level. Offset is the wave-
formreference levelrelative to OVdc; see figure
3-9. Use the Keypad (39) or the Knob (47), if
enabled (ENABLE indicator (40) lit), to change
the offset. The Knob increments or decre-
ments the value starting with the flashing digit
("KNOB" key (39)) and automatically enters the
new value. When using the keypad, enter
values as actual number (0.01) or exponential
notation (10E-3), press the 'ENTER" key to
accept the new value. Offset values range
from +7.500V to -7.500V.

Limitations:
Offset plus peak amplitude value cannot
exceed 7.5Vp.
Offset fixed at OVdc when BAL (Balanced
output) selected.
Offsetrange limited to half of the maximum
oftset when AM selected.

DC Function. When the dc functionis selected,
the Model 91 produces a dc voitage. The
"OFFSET" key, when used with the Keypad or
Knob, controls the output polarity and level.

Turn on or off the output and select the output
Impedance.

Use the "ON/OFF" key (36) to turn on or off the
output. If the outputis turned off, as it will be at
power on, the impedance indicator flashes.
Pressing the :ON/OFF" key turns on the output
and returns the Model 91 to the last selected
output and impedance. The impedance indi-
cator remains on.

Usethe"SHIFT"(37)and *SELECT" (36) keys to
choose the output connector (balanced or un-
balanced) and output impedance (50Q, 75Q,
135Q, and 600Q). Pressing the "SHIFT" key
andthen the "SELECT" key increments through
the impedances and outputs in the foilowing
order:

50Q Unbalanced Output

75Q Unbalanced Output

600Q Unbalanced Output (frequency lim-
ited to 1MH2z)

800Q Balanced Qutput (frequency limited
to 1MHz)

135Q Balanced Output (frequency limited
to 1MHz)

Also after pressing the "SHIFT" key, hold down
the "SELECT" key to auto-increment througn
thelistinthe same order as above. Release the
key to select the impedance and output; the

indicators remain lit.

The Sync Output pulse will be in phase with the

Square wave, but will be 90° out of phase with

the Sine and Triangle waves. The Sync Output

must be terminated with 50Q.

NOTE

When connecting the Model 91 output
connectoer to a load, use a cable with the
correctimpedance for the output selected.
Balanced CT connectoer is internally con-
nected to the shield of all the other Model
91 BNC connectors. When connecting to
external equipment, whose connector
shields are at chassis ground, a ground
loop will be formed that will adversely af-
fect the Balanced output signal.

3.5.3.2 GPIB Oparation

After instrument setup (paragraph 3.5.1) and power
on (paragraph 3.5.2), use the following steps to set up
the Model 91 for continuous output. The exampies
shown are terminated with a semicolon (;) which
indicates the command is part of a string. If only the
one command is sent to the Model 91, replace the
semicolon with EXECUTE or EX.

1.

Select the Mode. Send the Mode command
followed by the continuous parameter.
Mode Commands: MODE or MO.
Continuous Parameters: ¢ or 0.
The commands and parameters can be mixed;
“MODE 0;", "MO 0;", “MODE C;", or "MO C;" will
select the continuocus mode.

Select the Function. Send the Function com-
mand followed by the parameter.
Function Commands: FUNCTION or FU.
Sine Parameters: SINE, SI,or 0
Triangle Parameter: TRIANGLE, T, or 1
Square Parameter: SQUARE, SQ, ¢r 2.
DC Parameter: DC, D, or 3.
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The commands and parameters can be mixed.
For example, sending either the string “FUNC-
TION SINE;" or “FU 0;" will select the sine
function.

Select the Frequency. Send the Frequency
command followed by the parameter.
Frequency Commands: FREQUENCY Or FR.

Frequency Parameters: Values in Hz be-
tween 2E-3 and 20E6.

Values can be entered in any format. For

example 2kHz can be entered as 2000, 2E3,

20E2, etc.

Forexample, sending either "FREQUENCY 1ES;"

or "FR 1000000;" will select 1MHz.

Select the Amplitude. Send the Amplitude
command followed by the parameter.
Amplitude Commands: AMPLITUDE or AM.
Amplitude Parameters: Values in Vpp be-
tween 1E-3 and 15.
Values can be entered in any format. For
example 10 Vpp can be entered as 10,
1E1, 10EQ, etc.
Forexample, sending either “AMPLITUDE 12;"
or "AM 1,2E1;" will select 12 Vpp amplitude.

Select the Offset. Send the Offset command
followed by the parameter.
QOffset Commands: OFFSET or OF.
Offset Parameters: Values in Vdc between
-7.5and 7.5.
For example, sending either "OFFSET -3;" or
"OF -3;" offsets the waveform by -3Vdc.

OC Output. If the dc function (“FU DC;") is
selected, send the DC Output command and
parameters to control the dc output voltage.
DC Output Command: DCouT or DC,
OC Output Parameter (Vdc): Values can
be between -7.5 and +7.5.
Valiues can be entered in any format.
For example 2Vdc can be entered as 2 or 2€0.

6. Turn On or Off the Qutput. Send the Qutput
enable command followed by the parameter.
Output Commands: OUTPUT or OP.
Parameters: 1 or ON turns the output on,
and 0 or OFF turns the output off.
For example, sending OP 1 will turn the output
on.

7. Selectan Outputand Output iImpedance. Send
the Output Select command followed by the
parameter.

Output Select Commands: OUTSELECT or
0s.
50Q Unbalanced QOutput Parameter: U50
or 0.
75Q Unbalanced Output Parameter U75
orl.
600Q Unbalanced Output Parameter: U600
or 2.
600Q Balanced Output Parameter: B600
or3
135Q Balanced Output Parameter: B135
or 4.
For example, sending either “OUTSELECT 0;"
or “0s U50;" selects the unbalanced 50Q
output.

8. Terminate the command string. Send the
EXECUTE command “EX" to terminate the com-
mand string. The Model 91 also accepts the
FASTEXECUTE command (FE) which can ex-
ecute the command string significantly faster
than the EXECUTE command. However,
FASTEXECUTE only shortens execute times
when the frequency, amplitude, offset, or dc
offsetis changed. In addition, the string will be
executed without error checking.

Example

The following example uses a GP!B command string to

setup the Model 91 to produce a 2kHz triangle wave,

1.5 Vpp atthe unbalanced output with 50Q impedance.

‘MODE C; FU T; FR 2E3; AM 1.5; OP 1;
0S U50;EX"

3.5.4 Variable (Time) Symmetry

Variable symmetry allows the duty cycle of the three
standard functions (sine, triangle, and square) to te
varied from 5% to 95% in 1% increments (s2MHz). Use
variable symmetry with square waves to produce puises.
Use variable symmetry with triangles to produce ramps.
Between 2MHz and 20 MHz, the minimum and maxi-
mum symmetry values decrease linearly to 50% at
20 MHz; see figure 3-10. For example, at 10 MHz, the
symmetry range is decreased to 25% to 75%. The

TSy R,
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symmetry of the Sync Qutput will track the function
outputs.

3.5.4.1 Local Oparation

After power on (paragraph 3.5.2), set up the Model 91
as described in paragraph 3.5.3.1.

1. Select Symmetry. Press the "SHIFT" (37) and
"SYMMETRY" key (7) to display the current
symmetry value.

2. Change the Symmetry. Use the Keypad (39) or
Knob (42), if enabled (ENABLE indicator (40)
lit), to change the symmetry. The Knob incre-
ments or decrements the value and automati-
cally enters the new value. When using the
Keypad, enter the actual value. Symmetry
values are 5% to0 90% in 1% increments unliess
limited by frequency; see figure 3-10.

3.5.4.2 GPIB Operation

After power on (paragraph 3.5.2), setup the Model 91
as described in paragraph 3.5.3.2. Except add the
symmetry command and parameter to the command
string.
Symmetry Commands: SYMMETRY or SYM.
Symmetry Parameters: values in % be-
tween 5 and 95.

Sendthe EXECUTE command “EX" ‘0 termirazs
the command string.
Example
The following example uses a GPIB command string 12
setup the Model 91 to produce a 2kHz triangle wave z:
75% duty cycle, 1.5 Vpp at the unbalanced output win
50Q impedance.
“MODE C; FU T; FR 2E3; SYM 75;
AM 1.5; OP ON; OS U50;EX"

3.5.5 Phase Lock and Phase Shift

Phase lock allows an external or internal ‘frequency
source to control the accuracy and stabiiity of the
Model 91. Using the internal source (synthesizar)
improvesthe Model 91 frequency accuracyto = 10 com

Option 001 improves the accuracyto £ 1ppm. When an
external source is connected, the Model 91 measures
the frequency of the source, sets its frequency to matcn
the source, and automatically phase locks itself to the
source. Also, when an external source is used. the
phase of the Model 91 output can be shifted relative c
the source.

The Model 91 phase lock (internal and external source)
limits:

Frequency - 20 Hz to 20 MHz.

Mode - Continuous, SCM, or AM.

Symmetry - 50% duty cycle only.

95%

90%
85%
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55%
50%
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Figurs 3-10. 2MHz to 20 MHz Symmetry




3.5.5.1 Internal Phase Lock

Local Operation
1. Set up the Model 91. Set up the Model 91 as
described in paragraph 3.5.3.1.

2. Selectthe Internal Source. To select the inter-
nal source (default), press the "LOCK SOURCE"
key (17) to display the internal reference fre-
quency (EXLOCK OFF). Each time this key is
pressed, the reference source toggles be-
tween internal and external.

3. Phase Lock Indicators. There are two front
panel indicators used with phase lock: UN-
LOCK (9) and EXT (10).
If the UNLOCK indicator is off, the unit is
phase locked to the selected source.
If the UNLOCK indicator is flashing, the
internal synthesizer may be faulty.
If the UNLOCK indicator is on steady, the
instrument setup will not allow phase lock-
ing.
If the EXT indicator is off, internal source is
selected. |If the EXT indicator is on, the
external source is selected.
GPIB Operation
Set up the Model 31. Set up the Model 91 as
described in paragraph 3.5.3.2. Except add
the source command to the string.

2. Select the Phase Lock Source. To select the
internal source, send the Source command
followed by the parameter.

Source Command : LOCKSOURCE or LS.
Internal Source Parameter: INTERNAL, I,
or 0.
The UNLOCK and EXT indicators respond the
same as in local operation.
Always terminate the string using the EXECUTE
command.

Exampls

The following example uses a GPIB command string to

setup the Model 91 to produce a 2kHz triangle wave,

1.5 Vpep atthe unbalanced output with 50Q impedance

phase locked to the internal reference. “LSRC I" does

not need to be included because it is a default.
"MODEC; FUT; FR2E3; LSI; AM1.5; OP 1;
0S US50;EX"

3.5.5.2 External Phass Lock

To set up the Model 91 for external phase lock, refer to

Figure 3-11.

Local Operation

1. Set up the Model 91. Set up the Model 91 as
described in paragraph 3.5.3.1.
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2. Select External Source. To select the externai
source, press the "LOCK SOURCE" key (11)
until the display reads EXLOCK. If the dispiay
reads EXLOCK < 20HZ, the unit does not have
1. an external signal connected to the EXT
FREQ IN connector, 2. the external frequency
is less than 20 Hz, 3. the external f-=auency is
greater than 20 MHz, or 4. the setug conditions
will not allow phase locking.

If the external source is within the limits, the
Model 91 displays EXLOCK XXXX wnere
XXXX represents the external frequency . The
EXT indicator also lights.

Phase Lock Indicators. There are two front
panel indicators used with phase lock: UN-
LOCK (9) and EXT (10).
If the UNLOCK indicator is off, the unit is
phase locked to the selected source.
If the UNLOCK indicator is flashing, the
internal reference is faulty, or the external
reference is not connected.
If the UNLOCK indicator is on steady, the
instrument setup will not allow phase lock-
ing.
Ifthe EXT indicator is off, internal reference
source is selected.
If the EXT indicator is on, the externai
reference source is selected.

3. External Source. Connect the external source

to the EXT FREQ IN connector (12). To setup
the lock source level, refer to paragraph 2.4.6.
The Model 91 measures the frequency of the
external source (see external source limits),
sets its generator to the measured frequency,
and phase locks the generators together.

GPIB Qperation

1, Set up the Model 91. Set up the Model 91 as
described in paragraph 3.5.3.2.

2. Select the External Source. To select the
external reference, send the Source command
followed by the parameter.

Source Command: LOCKSOURCE or LS
Source Parameter: EXTERNAL, E, or 1.
The UNLOCK and EXT indicators respond the

same as in local operation.
Always terminate the string using the EXECUTE
command.

3. External Source. Connect the external source
to the EXT FREQ IN connector (12). The EXT



indicator also lights if the source is within the
limits.
Example
The following example uses a GPIB command string to
setup the Model 91 to produce a 2kHz triangle wave,
1.5 Vpp at the unbalanced output with 50Q impedance
phase locked to a 2kHz external reference.
"MODE C; FU T; FR 2E3; LS E; AM 1.5;
OP 1; 0OS US0;EX"

3.5.5.3 Phase Shift

When connected to an external source, the Model 81

permits the phase of its output waveform to be shifted

=180° or £3.14 (=) radians relative to the external

reference. See figure 3-11 for instrument setup.

Local Operation

1. Set up the Model 91. Set up the Model 91 for
external phase lock as described in paragraph
3.5.5.2 - Local Operation. Use the signal atthe
EXT FREQ IN connector (12) as the phase
reference.

2. Select the Phase Shift. Press the "PHASE" key
(8) to display the current phase shift. Use the
Keypad (39) or Knob (47), if enabled (ENABLE
indicator (40) lit), to change the phase. Usethe
"KNOB" key (39) to activate the Knob. The
Knob increments or decrements the value and
automatically enters the new value. When
using the keypad, enter values as actual num-
ber (120) or exponential notation (12E1), press
the "ENTER" key to accept the new value.

3. Selecting Alternate Units. Model 91 allows the
phase shift in degrees or radians. Press the
"SHIFT" key (37) and then the Phase's ‘UNITS"
key (8) to step between degrees (°) and radi-
ans. After the "SHIFT-UNITS" key combination
the Knob may be used to toggle between the

GPIB Operation

1., Set up the Model 91. Set up the Mocel 91 for
external phase lock as described in paragracn
3.5.5.2 GPIB Operation. Use the signal at e
EXT FREQ IN connector (72) as the phase
reference.

2. Select the Phase Shift. Send the phase shif
command followed by the parameter.
Phase Shift Commancs: PHASE or PH.
Phase Shift Parameters: Values in cegrees
between -180 and +180. Values can te
entered in any format. For examcle 120°
can be entered as 120, 1.2E2, 12E*. stc.
For example, sending either "PHASE —120;" or
“PH —12E1;" selects -120° phase shift.
Example
The following example uses a GPIB commana string 1o
setup the Model 91 to produce a 2kHz triangle wave,
1.5 Vpp at the unbalanced output with 50Q impeaance
phase locked to a 2kHz external reference. Phase shift
is-120°
“MODE C; FU T; FR 2E3; LS E; PH -
12E1; AM 1.5; OP 1; 0S US0;EX"

3.5.7 Triggerad Mode

In the triggered mode, the Model 91 output remains
quiescent until triggered by a trigger source. All func-
tions can be triggered. When triggered, the Mocel 91
produces one complete waveform and returns to the
quiescent state. The Model 91 can betriggered froman
external source such as a signal atthe TRIG IN connec-
tor (C), the front panel “MAN TRIG" key, or a GPIB
command. In addition, the unit can be triggered using
its own internal synthesizer as a trigger source. For
proper operation, the trigger source frequency must be
less than the output frequency.

3.5.7.1 Internal Trigger

units. Local Operation
After power on (paragraph 3.5.2), use the following
MODEL 91 RECEIVING
BALAN%ED DEVICE
EXT REF || EXTFREQIN
SOURCE @) O O CH1 CH2
o) UNBALANCED Q QO

PHASE SHIFT REFERENCE

TERMINATION

Figurs 3-11. External Phase Lock Setup
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steps to set up the Model 91 for triggered waveform
output.

1, Select the Mode. Use the "MODE" key (22) to
step 10 the triggered mode (TRIG indicator lit
(23)).
To step backwards through the modes, press
the "SHIFT" key (37) and then hold down the
‘MODE" key. Release the "MODE" key when
the indicator lights to select the triggermode.

2. Select the Internal Trigger. Use the ‘TRIG
SETUP" key (24) to step to trigger source (TRIG
SOURCE). Then, use the Knob to select TRIG
SOURCE INT. Or, press the "0" and "ENTER"
keys.

3. Set the Trigger Frequency. Press the ‘TRIG
FREQ" key (27) to display the current internal
frequency. Use the Knob (47) or the Keypad
(39) to change the trigger frequency. Use the
KNOB key (39) to activate the Knob. The Knob
automatically enters the new trigger frequency.
When using the Keypad, press the “ENTER"
key to accept the new trigger frequency. Inter-
naltrigger frequency range is ImHz to 50 MHz
or 1000s t0 0.0002 ms. Press "SHIFT"* (37) and
the Trigger Frequency's "UNITS' (27) keys to
alternate between frequency (TFREQ) and
period (TPER). After the "SHIFT-UNITS® key
combination, the Knob may be used to toggle
between the units.

4, Set up the Function, Frequency, Amplitude,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the
same as described in paragraph 3.5.3.1. If
variable symmetry waveform is selected, refer
to paragraph 3.5.4.1.

GPIB Operation

After instrument setup (paragraph 3.5.1) and power on
(paragraph 3.5.2), use the following steps to set up the
Model 91 for triggered output. The examples shown
are terminated with a semicolon (;) which indicates the
command is part of a string. If only the one command
is sent to the Model 91, replace the semicolon with
EXECUTE or EX.

1. Select the Mode. Send the Mode command
followed by the triggered parameter.
Mode Commands: MODE or MO.
Triggered Parameters: TRIGGER, T, or 1.

The commands and parameters can be mixed:
“MODE TRIGGER;", "MO 1", “MODE T:", or “MO
T." will select the triggered mode.

2. Select the Internal Trigger Source. Send the
Trigger Source command and Internal param-
eter to select the internal trigger source.

Source Command: TRIGSOURCE or TSO.
Internal Source Parameter: INTERNAL, I,
or 0.
For example send “TsO 0;" to select the
internal trigger source.

3. Select the Internal Trigger Frequency. Send
the internal trigger frequency command fol-
lowed by its parameter.

Internal Trigger Frequency Command:
TRIGGERFREQ Or TF.
Internal Trigger Frequency Parameters:
Values in Hz between 1E-3 and 50ES.
Values can be entered in any format. For
example 2kHz can be entered as 2000,
2E3, 20E2, etc.
For example sending either “"TRIGGERFREQ
1E6;" or “TF 1000000;" will select a 1MHz
internal trigger frequency.

4, Set up the Function, Frequency, Amplitude,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the same as
described in paragraph 3.5.3.2. |If variable
symmetry waveforms are selected, refer to
paragraph 3.5.4.2.

Always terminate the string with an EXECUTE
command.

Example

The following example uses a GPIB command string to

set up the Model 91 to produce a single 2kHz, 1.5 Vpp

triangle waveform which is triggered by the internal 100

Hz trigger source. The output is the unbalanced 50Q

output .

“MODE T; TSO 0; TF 1E2; FU T; FR 2E3;
AM 1.5; OP 1; 0OS US0;EX"

3.5.7.2 External Trigger

Local Operation

After power on (paragraph 3.5.2), use the following
steps to set up the Mode! 91 for an externally triggered
waveform output. Figure 3-12 illustrates external trig-
ger parameters.

1. Select the Mode. Use the "MODE" key (22) to
step to the triggered mode (TRIG indicator lit

(23)).



To step backwards through the modes, press
the "SHIFT" key (37) and then hold down the
"MODE" key. Release the "MODE" key when
the indicator lights to select the mode.

2. Select the External Trigger. Use the "TRIG
SETUP"key (24) to step to SOURCE. Then, use
the Knob to select SOURCE EXT (1). Also, the
external source can be selected by pressing
the 1" and "ENTER" keys

3. Connect the External Trigger Source. Connect
the external trigger source to the TRIG IN
connector (C). Press the "TRIG SETUP" key
(24) until SLOPE appears, and use the Knob to
select either SLOPE POS (0) (positive slope) or
SLOPE NEG (0) (negative slope). Also, the
slope can be selected via the Keypad by
pressing either “0" key for positive slope or *1*
key ‘or negative slope. Press the "ENTER" key
when finished.

Next, press the “TRIG SETUP" key (24) until
TRIG LEVEL appears, and use the Knob to set
the trigger level (-5V to 5V); also see the
"KNOB" key (39). Also, the Keypad can be
used to enter trigger levels. To read the fre-
quency of the external source, press the ‘TRIG
FREQ" key (27).

4 Set up the Function, Frequency, Amplitude,
Offset, and Qutput. If sine, triangle, and square
waveforms are selected, set up the Model 91
the same as describedin paragraph 3.5.3.1. If
variable symmetry waveform is selected, refer
to paragraph 3.5.4.1.

POSITIVE NEGATIVE
SLOPE SLOPE
POSITIVE
SLOPE

TRIGGERED
WAVEFORM —
NEGATIVE

SLOPE

TRIQGERED
WAVEFORM

TRIGQER LEV!
(+8 TO +5V)

Figure 3-12. Trigger Parameters

Manual Trigger To use the "MAN TRIG" key (25) as a
trigger source, first press the “TRIG SETUP® key (24)
until SOURCE appears, and then use the Knob to select
TRIG SOURCE MAN. Also, manual trigger can be

selected by pressing the ‘2" and "ENTER" keys. Then
use the "MAN TRIG" key to trigger the generator. When
the key is pressed, the Model 91 produces one com-
plete cycle of the selected waveform.

GPIB Operation

After instrument setup (paragraph 3.5.1) and power on
(paragraph 3.5.2), use the following steps to set up the
Model 91 for triggered waveform output. The examp.es
shown are terminated with a semicolon (;) which ingi-
cates the command is part of a string. If only the cne
command is sent to the Model 81, replace the semice-
lon with EXECUTE or EX.

1. Select the Mode. Send the Mode commanc
followed by the trigger parameter.
Mode Commands: MODE or MO.
Continuous Parameters: TRIGGER, T, Or I.
The commands and parameters can be mixed;
“MODE TRIGGER;", "MO 1;", “MODE T;", or "MO
T;" will select the triggered mode.

2. Select the External Trigger Source. Send the
Source command and parameter to select the
external trigger source.

Source Command: TRIGSOURCE or TSO.
External Trigger Source Parameter: EX-
TERNAL, E, or 1.

For example, send "TSO 1;" to select the
external trigger source.

3. Connect the External Trigger Source. Connect
the external trigger source to the TRIG IN
connector (C).

To set up the trigger slope, send the trigger
slope command and parameter.

Trigger Slope Command: TRIGSLOPEOr TSL.
Slope parameters: NEGATIVE, N, or 1 for
negative going slope.

POSITIVE, P, or 0 for positive going
slope.
To set up the trigger level, send the level
command followed by its parameter.

Trigger Level Command: TRIGLEVEL Of TV,
Trigger Level Parameter: a value between
-Sand 5.

4, Set up the Function, Frequency, Amplitude,
Offset, and Output. If sine, triangle, and square
waveforms are selected, set up the same as
described in paragraph 3.5.3.2. If variacle
symmetry waveforms are selected, refer ©
paragraph 3.5.4.2.

Always terminate the string with the EXECUTE
command.



Example
The following example uses a GPIB command string to
setup the Model 91 to produce a single 2kHz, 1.5 Vpp
triangle waveform which is triggered from an external
source. The output is from the unbalanced output with
5CQ impecance.
"MODE T;TSO 1;TSL P;TV 1.5;FU T:FR
2E3;AM 1.5;0P 1;0S US0;EX"

Triggering with GP1B Commands. To trigger the Model
91 over the GPIB, send the following command:
Trigger Command: TRIGGER or TGG.

Trigger with Manual Trigger. To use the MAN TRIG key
(25), it must first be selected by sending the trigger
source command followed by the manual trigger com-
mand.
Trigger Source Command: TRIGSOURCE or
TSO.
Manual Trigger Parameter: MANUAL, M, or 2.

3.5.8 Gated Mode

The gated mode is identical to the triggered mode,
except the output from the Model 91 supplies continu-
ous waveforms as long as the “trigger” is true. All
waveforms can be gated. When gated, the Model 91
starts from the quiescent state, produces continuous
waveforms, and returns to the quiescent state. The last
cycle started will always be compieted. Either the
internal (synthesizer) or external trigger source gates
the generator. The Model 91 externally gates using a
signal at the TRIG IN connector, the front panel MAN
TRIG key, or a GPIB command. For proper operation,
the trigger source frequency must be less than the
output.

3.5.8.1 Internal Gats

Inthe internal gate mode, the Model 91 uses its internal
trigger source to gate the generator. The gate on to
gate off ratio while using the internal source is 1:1
(50%).

Local Operation

After power on (paragraph 3.5.2), use the following
steps to setup the Model 91 for gated waveform output.

1. Select the Mode. Use the "MODE" key (22) to
step to the gated mode (GATE indicator lit
(23)). To step backwards through the modes,
press the “SHIFT" key (37) and then hold down
the "MODE" key. Release the "MODE" key
when the indicator lights to select the mode.

2. Selectthe Internal Trigger Source (Gate). Usethe
"TRIG SETUP" key (24) to step to SOURCE, and
then use the Knob to select SOURCE INT(0). The
internal source can be selected via the Keypad
by pressing the the "0 and "ENTER keys.

3-38

3. Setthe Gate Frequency. Use the ‘TRIG FREQ"
key (27) to display the currently selected inter-
nal frequency. Use the Knob (47) or the Key-
pad (39) to change the trigger frequency. Use
the KNOB key (39) to activate the Knob. The
Knob automatically enters the new gate fre-
quency. When using the Keypad, press the
"ENTER"® key (39)to accept the new gate fre-
quency. Internal gate frequency rangeis 1mHz
to 50 MHz or 1000s to 0.0002 ms. Press the
"SHIFT* (37) and then the Trigger Frequency's
"UNITS" (27) keys to alternate between fre-
quency (TFREQ) and period (TPER). After the
"SHIFT-UNITS" key combination, the Knob may
be used to toggle between the units.

4, Set up the Function, Frequency, Amplitude.,
Offset, and Output. If sine, triangle, and square
waveforms are selected, set up the same as
described in paragraph 3.5.3.1. If variable
symmetry waveforms are selected, refer to
paragraph 3.5.4.1.

GPIB Oparation

After instrument setup (paragraph 3.5.1) and power on

(paragraph 3.5.2), use the following steps to set up the

Modei 91 for gated output. The examples shown are

terminated with a semicolon (;) which indicates the

command is part of a string. If only the one command
is sent to the Model 91, replace the semicolon with

EXECUTE or EX.

1. Select the Mode. Send the Mode command
followed by the gate parameter.
Mode Commands: MODE or MO
Gated Parameters: GATE, G, or 2.
The commands and parameters can be mixed;
“MODE GATE;", "MO 2;", “MODE G;", or “"MO G;"
will select the gated mode.

2. Select the Internal Gate Source. Send the
Source command and parameter to select the
internal source.

Source Command: TRIGSOURCE or TSO.
Internal Source Parameter: INTERNAL, I,
or 0.
For example send “TSO 0;" to select the
internal source.

3. Select the Internal Trigger Frequency. Send
the internal trigger frequency command fol-
lowed by its parameter.

Internal Trigger Frequency Command:
TRIGGERFREQ or TF.
Internal Trigger Frequency Parameters:
Values in Hz between 1E-3 and 50E6.



Values can be entered in any format. For
example 2kHz can be entered as 2000,
2E3, 20E2, etc.
For example sending either "TRIGGERFREQ
1E6;" or "TF 1000000;" will select a 1MHz
internal trigger frequency.

4. Set up the Function, Frequency, Amplitude,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the
same as described in paragraph 3.5.3.2. If
variable symmetry waveforms are selected,
refer to paragraph 3.5.4.2.

Example

The following example uses a GP!B command string to

setup the Model 91 to produce a single 2kHz, 1.5 Vpp

triangle waveform which is triggered by the internal

trigger source ata 100 Hz rate. The output is from the
unbalanced output with 50Q impedance.
“MODE G;TSO 0;TF 1E2;FU T;FR 2E3;AM 1.5;
OP 1;0S U50;EX"

3.5.8.2 External Gate

Inthe externally gated mode, either an external trigger-
ing signal, a manual trigger, or a GPIB command gates
the generator. The gate-on to gate -offtime depends on
the Model 91 trigger slope and level. Figure 3-13
illustrates external gate parameters. This figure illus-
trates the positive slope as the trigger slope; the nega-
tive slope also can be used to enable the gate.

POSITIVE NEGATIVE
SLOPE SLOPE
TRIG IN ’
TRIGGER LEVEL

(-5 TO +5V)

T EER

Figure 3-13. Gate Parameters

Local Operation
After power on (paragraph 3.5.2), use the following
stepsto setup the Model 91 for gated waveform output.

1. Select the Mode. Use the "MODE" key (22) to
step to the gated mode (GATE indicator lit
(23)).
To step backwards through the modes, press
the "SHIFT" key (37) and then hold down the
"MODE" key. To select the mode, release the
"MODE" key when the gate indicator lights.

2. Selectthe External Gate Source. Use the TRIG
SETUP* key (24) to step to trigger scurce
(SOURCE displayed). Then, use the Knco *2
select SOURCE EXTv (1). External ngger
source also can be selected by pressing ne "1
and "ENTER" keys.

3. Connect the External Gate (Trigger) Source.
Connect the external gate source to tre TRIG
IN connector (C). Press the "TRIG SETUP" key
(24) until SLOPE appears, and use the Knoo o
select either SLOPE POS (Q) (positive sicce) or
SLOPE NEG (1)(negative slope). Also. the
slope can be selected via the Keypaa oy
pressing the "1" key (negative) or 0" key (posi-
tive) followed by the "ENTER" key.

Next, press the "TRIG SETUP" key (24) untii
TRIG LEVEL appears, and use the Knob cor
keypad to set the trigger level (-5V to 5V).

To read the frequency of the external source,
press the "'TRIG FREQ" key (27).

4, Set up the Function, Frequency, Amplitude,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the
same as described in paragraph 3.5.3.1. f
variable symmetry waveforms are seiected,
refer to paragraph 3.5.4.1.

Manual Trigger To use the "MAN TRIG" key (25) as a
gate source, first press the "TRIG SETUP* key until
SQURCE appears, and then use the Knob to selec:
SOURCE MAN (2). When the "MAN TRIG" key is
pressedin, the Model 91 produces a continuous output
until the key is released.

GPIB Operation

After instrument setup (paragraph 3.5.1) and power on
(paragraph 3.5.2), use the following steps to set up the
Mode! 91 for triggered waveform output. The examples
shown are terminated with a semicolon (;) which ingi-
cates the command is part of a string. If only the cne
command is sent to the Model 91, replace the semico-
lon with EXECUTE or EX.

1, Select the Mode. Send the Mode commanc
followed by the gate parameter.
Mode Commands: MODE or MO.
Gate Parameters: GATE, G, or 2.
The commands and parameters can be mixea;
“MODE GATE;", "MO 2;", “MODE G;", or "MO G;"
will select the triggered mode.

2. Select the External Source. Send the Source
command and parameter to select ne gate
(trigger) source.
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Source Command: TRIGSOURCE or TSO.
External Source Parameter: EXTERNAL, E,
orl.

For example, send “TSO 1" to select the
exterral trigger source.

3. Cornectthe External Trigger Source. Connect
the external trigger source to the TRIG IN
cornector (C).

To set up the trigger slope, send the trigger
slope command and parameter.

Trigger Slope Command: TRIGSLOPE Of TSL.
Slope parameters: NEGATIVE, N, or 1 for
negative going slope.

POSITIVE, P, or 0 for positive going slope.
To set up the trigger level, send the level
command followed by its parameter.

Trigger Level Command: TRIGLEVEL or TV.
Trigger Level Parameter: a value between
-5and 5.

4. Set up the Function, Frequency, Amplitude,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the
same as described in paragraph 3.5.3.2. If
variable symmetry waveforms are selected,
refer to paragraph 3.5.4.2. Always terminate
the string with an EXECUTE command.

Example

The following example uses a GPIB command string to

set up the Model 91 to produce a gated 2kHz, 1.5 Vpp

triangle waveform which is triggered by an external
source. The output is from the unbalanced output with
50Q impedance.
"MODE G; TSO 1;TSL 0;TV 1;FU T; FR
2E3; AM 1.5; OP 1l; OS US0;EX"

Gating with GPIB Commands The Model 91 generates
waveforms starting with the gate on command and
ending with the gate off command. To Gate the Model
91 over the GPIB send the following commands:
Gate On Command: GATEON or GN.
Gate Off Command: GATEOFF or GF.

Gate with Manual Trigger. To use the "MAN TRIG" key
(25), it must first be selected by sending the trigger
source command followed by the manual trigger com-
mand. After manual trigger is selected, the Model 91
gates on and off as the Man Trig key is pressed in and
reieased.
Trigger Source Command: TRIGSOURCE or
TSo.
Manual Trigger Parameter: MANUAL, M, or 2.

3.5.9 Burst Mode

The burst mode is identical to the gated mode except
the Modei 91 produces a user-defined number of
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cycles whentriggered. Inthe burst mode, the Mode! 91
generates from 1 to 1,000,000 cycles. The Model 91
allows either the internal (synthesizer) or external trig-
ger source to start the burst. External trigger sources
can be the TRIG IN connector, the "MAN TRIG" key, or
a GPIB command.

3.5.9.1 Internal Triggered Bursts

In the internally triggered burst mode, the Model 91
uses its internal synthesizer to trigger the generator.
Lacal Operation

After power on (paragraph 3.5.2), use the following
steps to set up the Model 91 for triggered waveform
output.

1. Select the Mode. Use the "MODE" key (22) 10
step to the burst mode (BURST indicator lit
(29)).

To step backwards through the modes, press
the "SHIFT" key (37) and then hold down the
"MODE" key. Release the "MODE" key when
the indicator lights to select the mode.

2. Select the Internal Trigger. Use the 'TRIG
SETUP* key (24) to step to SOURCE, and then
use the Knob to select SOURCE INT (0). Also,
the internal source can be selected by press-
ing the "0" and "ENTER" keys.

3. Set the Trigger Frequency. Use the 'TRIG
FREQ" key (27) to display the currently se-
lectedinternal frequency. Usethe Knob (47)or
the Keypad (39) to change the trigger fre-
quency. The Knob automatically enter the new
trigger frequency. When using the keypad,
press the ENTER key to accept the new trigger
frequency. Internal trigger frequency range is
1mHzto-20 MHz or 1000s to 0.0005 ms. Press
‘SHIFT" key (37) and then the Trigger
Frequency's "UNITS" key (27) to alternate be-
tween frequency (TFRQ) and period (TPER).
After the "SHIFT-UNITS" key combination, the
Knob may be used to toggle between the units.

4, Enter the Burst Count. Press the "SHIFT" (37)
and "BURST COUNT" (24) keys to display the
currently selected burst count. Use the Knob
(41) or Keypad (39) to change the burst count.
The Knob automatically enters the new value.
When using the keypad, press the "ENTER" key
to accept the new value. Burst count values
range from 1 to 1,000,000 cycies.

5. Set up the Function, Frequency, Amplitude.
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the



same as described in paragraph 3.5.3.1. If
variable symmetry waveforms are selected,
refer to paragraph 3.5.4.1.

GPIB Operation

After instrument setup (paragraph 3.5.1) and power on
(paragraph 3.5.2), use the following steps to setup the
Model 91 for a waveform burst output. The examples
shown are terminatea with a semicolon (;) which indi-
cates the command is part of a string. if only the one
command is sent to the Model 91, replace the semico-
lon with EXECUTE or EX.

1. Select the Mode. Send the Mode command
followed by the burst parameter.
Mode Commands: MODE or MO
Burst Parameters: BURST, B, or 3.
The commands and parameters can be mixed;
“MODE BURST;", "MO 3;", "MODE B;", or “MO B;"
will select the burst mode.

2. Select the Internal Trigger Source. Send the
trigger source command and its parameter to
select the internal trigger source.

Source Command: TRIGSOURCE or TSO.
Internal Source Parameter: INTERNAL, I,
or 0.
For example send “TSO 0;" to select the
internal source.

3. Select the Internal Trigger Frequency. Send
the internal trigger frequency command fol-
lowed by its parameter.

Internal Trigger Frequency Command:
TRIGGERFREQ or TF.
Internal Trigger Frequency Parameters:
Values in Hz between 1E-3 and 50ES.
Values can be entered in any format. For
example 2kHz can be entered as 2000,
2E3, 20E2, etc.
For example sending either "TRIGGERFREQ
1ES6;" or “TF 1000000;" will select a 1MHz
internal trigger frequency.

4, Enter the Burst Count. Send the burst count
command and its parameter to enter the burst
count.

Burst Count Command: BURSTCOUNT or B.
Burst count Parameter: 1 to 1E6.

Set up the Function, Frequency, Amplitude,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the
same as described in paragraph 3.5.3.2. If
variable symmetry waveforms are selected,
refer to paragraph 3.5.4.2. Always terminate
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the string with the EXECUTE commana.
Example
The following example uses a GPIB command siring 12
setup the Model 91 to produce a burst of ten 2xHz. * 3

Vpp triangle waveforms which are triggerec oy re

is from the unbalanced output with 50Q impecance.
“MODE B;B 10;TSO 0;TF 1lE0;FU T;FR
2E3;AM 1.5;0P 1;0S U50;EX"

3.5.9.2 External Triggered Bursts

In the external triggered burst mode, either an exterra;
triggering signal, amanualtrigger, ora GPIB commarc
gates the generator.

Local Operation

After power on (paragraph 3.5.2), use the fcllowing
steps to set up the Model 91 for triggered waveform
output.

1. Select the Mode. Use the "MODE" key (22) o
step to the burst mode (BURST indicater it
(23)). To step backwards through the modes.
press the "SHIFT" key (37) and then hold dowr
the "MODE" key. Release the "MOCE" ey
when the indicator lights to select the mode.

2. Select the External Trigger. Use the "TRIG
SETUP" key (24) to step to SOURCE. Thenuse
the Knob to select SOURCE EXT(0). The exzer-
nal source can also be selected by pressing
the 1" and "ENTER" keys.

3. Connect the External Trigger Source. Connec:
the external triggering source to the TRIG iN
connector (C). Press the "TRIG SETUP* key
(24) until SLOPE appears, and use the Knop ¢
select either SLOPE POS (0) (positive siope) or
SLOPE NEG (1) (negative slope). Also, the
slope canbe selected using the keypad: press
'0" key (positive slope) or *1" key (negative
siope) and the "ENTER" key.

Next, press the "TRIG SETUP" key (24) unuil
TRIG LEVEL appears, and use the Knoo :0 se:
the trigger level (-5V to 5V). To rsad e
frequency of the external source, press the
‘TRIG FREQ" key (27).

4, Enter the Burst Count. Press "SHIFT" (37) arc
‘BURST COUNT" (24)keys to display the cur-
rent burst count. Use the Knob (47) cr Keycac
to change the burst count. The Knoo autcmati-
cally enters the new value. When using e
keypad, press the 'ENTER" key (39) :c accec:
the new value (1 to 1000000).



5. Setuo :he Function, Frequency, Amplitude,
Offset, ana Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the
same as cescribed in paragraph 3.5.3.1. If
variaole symmetry waveforms are selected,
refer 10 paragraph 3.5.4.1.

Manual Trigger. Touse the "MAN TRIG" key as a burst
‘rigger source, first press the "TRIG SETUP" key until
SOURCE appears, and then use the Knob to select
SOURCEMAN (2). The manual trigger source can also
Oe selectec by pressing the "2 and "ENTER" keys.
When the "MAN TRIG" key is pressed, the Model 91
Degins the burst count.

GPIB Operation

After instrument setup (paragraph 3.5.1) and power on
(paragraph 3.5.2), use the following steps to set up the
Moce!l 91 for burst output. The examples shown are
terminated with a semicolon (;) which indicates the
command is part of a string. If only the one command
is sent to the Model 91, replace the semicolon with
EXECUTE or EX.

1. Select the Mode. Send the Mode command
followed by the burst parameter.
Moce Commands: MODE or MO
Burst Parameters: BURST, B, or 3.
The commands and parameters can be mixed:
“MODE BURST;", "MO 3;", "MODE B;", or “MO B;"
will select the burst mode.

2. Select the External Trigger Source. Send the
Source command and parameter to select the
external source.

Source Command: TRIGSOURCE or TSO.
External Source Parameter: EXTERNAL, E,
or 1.
For example, send “TsO 1" to select the
external trigger source.

3. Connectthe External Trigger Source. Connect
the external trigger source to the TRIG IN
connector (C). To setup the trigger slope, send
the trigger slope command and parameter.

Trigger Slope Command: TRIGSLOPE or TSL.
Slope parameters: NEGATIVE, N, or 1 for
negative going slope.

POSITIVE, P, or 0 for positive going slope.
To set up the trigger level, send the level
command followed by its parameter.

Trigger Level Command: TRIGLEVEL Or TV.
Trigger Level Parameter: a value between
-5and 5.

Enter the Burst Count. Send the burst count
command followed by the burst parameter.

I5N
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Burst Count Command: BURSTCOUNT or 3.
Burst count Parameter: 1 to 1ES.

5. Set up the Function, Frequency, Amplituce,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the
same as described in paragraph 3.5.3.2. |If
variable symmetry waveforms are selectec,
refer to paragraph 3.5.4.2.

Example

The following example uses a GPIB command string ¢

setup the Model 91 to produce a burst of ten 2kHz.

1.5 Vpp triangle waveforms which are triggered by an

external trigger source. The output is from the unbal-

anced output with 50Q impedance.
“MODE B;B 10;TSO 1;TSL P;TV 1;FU T;FR
2E3;AM 1.5;0P 1;0S US0;EX"

Triggering with GPIB Commands. Totrigger the Model
91 over the GPIB, send the following command:
Trigger Command: TRIGGER Or TGG.

Bursts with Manual Trigger. Touse the "MAN TRIG" key
(25), it must first be selected by sending the trigger
source command followed by the manual trigger com-
mand. After manual trigger is selected, the Model 91
gates on and off as the "MAN TRIG" key is pressed in
and released.
Trigger Source Command: TRIGSOURCE or
TSO.
Manual Trigger Parameter: MANUAL, M, or 2.

3.5.10 Amplitude Modulation

In Amplitude Modulation (AM), a modulating signai
controls the magnitude of the Model 91 output. The
Model 91 (AM selected) produces the carrier (fre-
quency, function, and amplitude). All waveforms can
be amplitude modulated. In the AM mode, minimum
carrier frequency is 0.1 Hz. When the AM mode is
selected (Local Operation), the unit shows a scaie
factor (x.xV= FS) which represents the peak to peak
voltage required to produce full scale (100%) modula-
tion. The scale factor displayed depends on the Ampli-
tude value. For example, for an amplitude of 7.5Vop,
the AM scale factor will be 4V=F.S. (100%). Also the
input value varies linearly which means for a 4V=F.S.
scale factor a 2Vpp input signal produces 50% modu-
lation. Exceeding 100% modulation can cause dis-
torted outputs. In AM, the continuous Amplitude is
limited to 7.5 Vpp or less. Figure 3-14 illustrates the
Model 91 AM setup.

3.5.10.1 Local Operation

After power on (paragraph 3.5.2), use the following
steps to setup the Model 91 for amplitude modulation.

1. Selectthe Mode. Press the "MODE" key (22) 0
step to the AM mode (AM indicator lit (23)). To
step backwards through the modes, press the
"SHIFT key (37) andthen hoid cowntre "MCCE’
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Figure 3-14. Model 91 AM and FM/VCG Setup
key. Release the "MODE" key when the indica- 3. Connect the Modulating Signal. Conrect the

tor lights to select the mode. If the Amplitude
is greater than 7.5V, the AM mode cannot be
selected.

2. Set up the Function, Frequency, Amplitude,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the the Model 91
the same as described in paragraph 3.5.3.1.
Minimum frequency is 0.1 Hz. If variable sym-
metry waveforms are selected, refer to para-
graph 3.5.4.1.

3. Connect the Modulating Signal. Connect the
modulating signal to the MOD IN connector
(30). Frequency range of the modulating sig-
nal is dc to 150 kHz, and amplitude range is
Oto 4Vpp. The modulation depth is directly
proportional to the modulation signal ampli-
tude. The AM scale factor is shown on the
display when MODE: AM is selected. When
the Amplitude is changed, MODE: AM must be
selected again to view the new scale factor.

3.5.10.2 GPIB Operation

1. Select the Mode. Send the Mode command
followed by the AM parameter.
Mode Commands: MODE or MO
AM Parameter: AM, A, OF 4.
The commands and parameters can be mixed;
“MODE AM:", “MO 4", "MODE A;", 0r "MO A" will
select the AM mode.

2. Set up the Function, Frequency. Amplitude,
Offset, and Output. If sine, triangle, or square
waveform is selected, set up the Model 91 the
same as described in paragraph 3532 |If
variable symmetry waveform is selected, refer
to paragraph 3.5.4.2. To select the AM mode,
the amplitude must be less than 7.5Vpp.

modulating signal to the MOD IN ccrrecter
(30). Frequency range of the modulating sig-
nal is dc to 150 kHz, and amplitude range is 0
to 4Vpp. The amount of modulation decends
on the "scale factor”. There is no way 10 view
the scale factor viathe GPIB. Formore infcrma-
tion on scale factor, see the AM paragrapn
introduction and paragraph 3.5.10.1.
Example
The following example uses a GPIB command string to
setup the Model 91 for the AM mode. In this example t
is assumed a 10 kHz sine wave of 4Vpp is connectec
to the MOD IN connector. The Model 91 is set up for
1MHz sine wave and the peak to peak ampiituae at
100% modulation. The output is from the unbalancea
output with 50Q impedance.
"MODE A; FU SI; FR lE6; AM 7.5; OP 1; 0S
U50;EX"

3.5.11 Suppressed Carrier Modulation

inthe Suppressed Carrier Modulation mode (SCM), the
Model 91 operates much the same as the AM mode,
except unmodulated output level will be zero volts. In
Suppressed Carrier Modulation (SCM), a moculating
signal controls the magnitude of the Model 91's output.
The Model 91 (SCM selected) produces the carrier
(frequency, function, and amplitude). In the SCM
mode, minimum frequency is 0.1 Hz. All waveforms
can be modulated. When the SCM mode is selectec
(Local Operation), the unit shows a scale factor (2VIV)
which represents Voits Qutput/Volts Input for recuirec
to produce an output. For example, the 2V/V scaie
factor means a 1V input will produce a 2V auteut
Figure 3-12 illustrates the Model 91 SCM setuo.

3.5.11.1 Local Operation

After power on (paragrapn 3.5.2), use the icliowing
steps to set up the Mode! 91 for suppressec carre’
modulation.



1. Set up the Function, Frequency Offset, and
Qutput. Ifsine, triangle, or square waveform is
selected, set up the same as described in
paragraph 3.5.3.1. If variable Symmetry wave-
forms are selected, refer to paragraph 3.5.4.1,

2. Select the SCM Mode. Use the "MODE" key
(22) to step until the unit displays MODE SCM
(SCMindicator lit (23)). The display also shows
the SCM Scale Factor. To step backwards
through the modes, press the "SHIFT" key (37)
and then hold down the "MODE* key. Release
the "MODE" key when the indicator lights to
select the mode.

3. Select the SCM Scale Factor. When the SCM
is selected, the Model 91 displays a scale
factor. There are three possible scale factors:
2.4V/V, 0.24VNV, and 0.024V/V (Output Vpp/
Input Vpp). Change the scale factors Dy using
the Knob.

4, Null the Carrier. During AutoCal the Model 91
calculates the carrier null values. These values
will be used in the SCM mode unless the
Operator needs to improve the carrier null.

To improve carrier null, connect a scope or
Spectrum analyzer to the Model 91. Press the
"AMPLITUDE" key (5) and the display shows
SCM NULL 00. Rotate the Knob or press the
Keypad (39) to change the carrier null. Null
can be varied between £500 digits.

5 Connect the Modulating Signal. Connect the
modulating signal to the MOD IN connector
(30). Frequency range of the modulating sig-
nalis dc to 1MHz and amplitude range is O to
4Vpp. The magnitude of the output is directly
proportional to the modulating signal’'s ampli-

tude.
3.5.11.2 GPIB Operation
1. Set up the Function, Frequency, Offset, and

Output. If sine, triangle, or square waveformis
selected, set up the Model 91 the same as
described in paragraph 3.5.3.2. If variable
symmetry waveform is selected, refer to para-
graph 3.5.4.2.

2. Select the SCM Mode. Send the Mode com-
mand followed by the SCM parameter.
Mode Commands: MODE or MO.
SCM Parameter: sc or 5.
The commands and parameters can be mixed:
"MODE SC;", "MO 5", "MODE SC;", or “MO SC:"
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will select the Suppressed carrier mode.

3. Connect the Modulating Signal. Connect the
modulating signal to the MOD IN connector
(30). Frequency range of the modulating sig-
nal is dc to 100 kHz, and amplitude range is 0
to 4Vpp. The modulation depth is directly
proportional to the modulation signal's ampli-
tude. The SCM scale factar is fixed at 2v/vV
when using GPIB commands.
Example
The following éxample uses a GPIB command string to
setup the Model 91 for the SCM mode. In this example
itis assumed a 10 kHz sine wave of 4Vpp is connected
to the MOD IN connector. The Model 91 is set up for
1MHz sine wave and the peak to peak amplitude at full
modulation will be 1.5Vpp. The output is from the
unbalanced output with 50Q impedance.
“MODE 5; FU SI; FR 1lE6; aM 1.5; oP 1;
0S U50;EX"

3.5.12 Frequency Modulation

Inthe FM mode, an external signal varies the frequency
of the Model 91 about its programmed frequency. The
magnitude of the modulating signal determines the
maximum frequency deviation, and the frequency of
the modulating signal determines the rate of deviation.
Figure 3-15 illustrates Model 91 FM setup.

The following steps describe the general FM mode
setup.

1. Set the Model 91 to the Continuous mode.

2. Calculate upper and lower modulation fre-
guency limits;
Upper Limit = Center Frequency + Peak Devia-
tion :
Lower Limits = Center Frequency - Peak De-
viation
Where:
Upper Limit is the upper modulation
limit required.
Lower Limit is the lower modulation
limit required.
Center Frequency is the desired cen-
ter frequency (set using the "FREQ/
PER" key (4).
Peak Deviation is desired positive or
negative deviation.
Example:
Desired Center Frequency = 200 kHz.
Peak Deviation = £25 kHz.
Upper Limit = 200 kHz + 25 kHz
=225 kHz
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Lower Limit = 200 kHz - 25 kHz
=175 kHz

Using table 3-12, find and record the range
numper that contains the calculated upper
limit.  Also, verify that range contains the
calculated lower limit.

Example

Range number 8 contains the calculated up-
per limit of 225 kHz, and the range also con-
tains the calculated lower limit.

Exceeding the Lower Limit will cause output
signal distortion.
Table 3-12. Range and Modulation Limits

6.
7.
8.

Example:

P-P Deviation = 50 kHz (+ and - 25 kHz)
Oeviation per Volt from table 3-12for range 8 =
200 kHz per Volt.

Modulation Amplitude = 50 kHz + 200 kHz/V/
=0.25 Vpp.

Set the Model 91 to the upper limit frequency
(step 2).

Set the Model 91 to the FM mode.
Set the Model 91 to the center frequency.

Connect the Modulating signal.

3.5.12.1 Local Operation

Ranga Mod Upper Mod Low Deviation
No. : Limit Range Limit per Voit After power on (paragraph 3.5.2), use the following
3 201 0 20 MHz 20Kz MHE steps to set up the Model 91 for frequency modulation.
8 201 kHz to 2.0 MHz 2.0kHz 200 kHz 1. Select the Mode. Use the "MODE" key (22) 10
7 20.110 200 kHz 200 Hz 20 kHz step to the CONT mode (CONT indicator it
g 50011 I_'i° tzozk;:f gg Hz gggzm (23)). To step backwards through the modes,
4 20.1 t; 2%0 sz 203 mHz 20 Hz press the 'SHIFT" key (37) and then hold down
3 20110 20 Hz 20 mHz 2Hz the "MODE" key. Release the "MODE" xey
2 200 mHz to 2Hz 2mHz 200 mHz when the continuous indicator lights.
8 g%ozgorg:;m %Hé gm:’z 2. Calculate the limits. Use step 2 in paragrapn
3.5.12. to calculate the upper and lower fre-
4, Calculate the modulation source amplitude quency limits.
(Vop): 3 Select the U imi
. , . . pper frequency limit. Press the
Madulation Amplitude = P-P Deviation + De- "FREQ/PER" key (4) to display the current fre-
v:atnon‘per Volt quency. Use the Keypad (39) or Knob (47), if
Where: , . . N ¢ enabled (ENABLE indicator (40) lit), to set up
ModulatlonAmplltude|stheampl|tude(Vpp)o the upper limit frequency: see paragraph
(e poculaing sorce. . 3.5.3.1. Usethe 'KNOB"key (39) to activate the
Z;vgtei;"_\at'on is the total positive and negative Knob. The Knob increments or decrements
AN , the value and automatically enters the new
Deviation per Volt (see table 3-12) is the Hz/V value. When using the keypad, enter values as
of the range selected in step 3. actual number (120) or exponential notation
MODEL 91 RECEIVING
SIGNAL INSTRUMENT
SOURCE MOD IN BALANCED SYNC
o) ? Q OO IN  INPUT
OUTPUT UNBALANCED 0 Q
L L
TERMINATION

Figure 3-15. Model 91 FM Setup
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(12E1), press the "ENTER" key to accept the
new value.

4 Change the Mode. Use the "MODE" key (22) to
step 1o the FM mode (FM indicator lit (23)). This
"locks” tne Model 91 to the fixed frequency
range.

5. Seiectthe Center frequency. Press the "FREQ/
PER" key (4) again, and use the Knob or Key-
pad to set up the center frequency; see para-
grapn 3.5.3.1.

8. Set up the Function, Amplitude, Offset, and
Output. If sine, triangle, or square waveform is
selected, set up the the Model 91 the same as
described in paragraph 3.5.3.1. If variable
symmetry waveforms are selected, also refer
to paragraph 3.5.4.1. The dc function is not
allowed in the FM mode.

7. Calculate the Amplitude of the Modulating Sig-
nal. Use step 4 (paragraph 3.5.12) to calculate
the peak to peak voltage required to modulate
the Model 91.

8. Connect the Modulating Signal. Setthe modu-
lating source to the level calculated in item 7,
and connect the signal to the MOD IN connec-
tor (30). Frequency range of the modulating
signalis dc to 100 kHz, and the maximum level
is 10 Vpp.

3.5.12.2 GPIB Operation

After power on (paragraph 3.5.2), use the following
steps to setup the Model 91 for Mode: Continuous.

1. Calculate the limits. Use step 2 in paragraph
3.5.12. to calculate the upper and lower fre-
guency limits.

2. Select the Upper frequency limit. Send the
Frequency command followed by the param-
eter.

Frequency Commands: FREQUENCY or FR.
Parameters: Values in Hz between 1E-3
and 20E6. Values can be entered in any
format.

Forexample 2kHz can be entered as 2000,
2E3, 20E2, etc.
Forexample, sending either "FREQUENCY 1E6;"
or "FR 1000000;" will select 1IMHz.

3. Select the Mode. Send the Mode command
followed by the FM parameter.
Mode Commands: MODE or MO.
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FM Parameter: F or 6.

4. Lock the Frequency Range. Send the Range
Lock command followed by its parameter.
Range Lock Command: RANGELOCK or RA.
Range Lock Parameter: ON or 1.
NOTE: Range Lock should be turned off when
finished with the FM mode: RA 0.

5. Select the Center frequency. Send the Fre-
quency command followed by the parameter.
Frequency Commands: FREQUENCY or FR.
Parameters: Values in Hz between 1E-3

and 20ES6.

8. Set up the Function, Amplitude, Offset, and
Output. If sine, triangle, or square waveform is
selected, set up the Mode! 91 the same as
described in paragraph 3.5.3.2. If variable
symmetry waveforms are selected, also refer
to paragraph 3.5.4.2. The dc function is mean-
ingless in the FM mode.

7.. - Calculate the Amplitude of the Modulating Sig-
nal. Use step 4 of paragraph 3.5.12 to calcu-
late the peak to peak voitage required to modu-
late the Model 91.

8. Connect the Modulating Signal. Setthe modu-
lating source to the level calculated in item 7,
and then connect the modulating signal to the
MQD IN connector (30). Frequency range of
the modulating signal is dc to 100 kHz and the
maximum level is 10 Vpp. Always terminate
the string with an EXECUTE command.

Example

The following example uses a GP1B command string to

setup the Model 91 for the FM mode. In this example,

the output will be a 1.5 Vpp sine wave from the 50Q

unbalanced output. To modulate the generator con-

nect a 0.25 Vpp signal to the MOD IN/OUT connector.
“MODE C;FR 2E5;RA 1;MODE F;FR lE5;FU
SI;AM 1,5;0P 1;0S U50;EX"

3.5.13 Voltage Controlled Generator - VCG

VCG operation is identical to the FM mode except the
Model 91's set frequency becomes the start frequency.
In this mode, the voltage applied to the MOD IN con-
nector controls the frequency of the generator. Usually
the modulating signal is a dc voltage between 0 and
+10V. Maximum generator frequency changeis 1000:1.

The following steps generally describe the steps to
setup the VCG operation.
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Set the Model 91 to the Continuous mode.
Calculate upper and lower modulation fre-
quency limits:
Upper Limit = Initial Frequency + Frequency
Change
Lower Limits = Initial Frequency - Frequency
Change
Where:
Upper Limit is the upper modulation limit
required.
Lower Limit is the lower maodulation limit
reguired.
Initial Frequency is the starting frequency (set
using the "FREQ/PER" key (4).
Frequency Changeis desired positive or nega-
tive frequency change.
Example:
Desired Center Frequency = 200 kHz.
Frequency Change =(+25 kHz) and
(-10 kHz2)
UpperLimit =200 kHz +25 kHz =225 kHz
Lower Limit = 200 kHz - 10 kHz = 190 kHz

Using table 3-12, find the range number that
contains the calculated upper limit. Also, verify
that range contains the caiculated lower limit.
Example:

Range number 8 contains the calculated

upper limit of 225 kHz, and the range also

contains the calculated lower limit 190 kHz.
Exceeding the Lower Limit will cause output
signal distortion.

Calculate the level of the external dc source:
VCG Voltage = Frequency Change + Deviation
per Volit
Where:
VCG Voltage is the external dc source
voltage (£Vdc).
Frequency Changeis the positive or nega-
tive frequency change.
Deviation per Volt (see table 3-12) is the
Hz/V of the range selected in step 3.
Example:
FrequencyChange =+25kHzand-10 kHz
Deviation per Volt fromtable 3-12 forrange
8 = 200 kHz per Volt.
VCG Voltage = +25 kHz + 200 kHz/V =
+0.125 Vdc
VCG Voltage = -10kHz + 200 kHz/V =
-0.05 vdc

Set the Model 91 to the upper limit frequency
(step 2).

6. Set the Model 91 to the FM mode.
7. Set the Model 91 to the initial frequency
8. Connect the Modulating signal.

3.5.13.1 Local Operation

After power on (paragraph 3.5.2), use the folicwirg
steps to setup the Model 91 for VCG operation.

1. Select the Mode. Use the "MODE" key (22) 0
step to the CONT mode (CONT ingicawzr -
(23)). To step backwards through the mcges.
press the "SHIFT" key (37) and then hoic cow~
the "MODE" key. Release the MODE ey wner
the Continuous indicator lights.

2. Calculate the Limits. Use step 2 in caragrazr
3.5.13. to calculate the upper and lower ‘re-
guency limits.

3. Select the Upper Frequency Limit. Press ‘ne

‘FREQ/PER" key (4) to display the current fre-
guency. Use the Keypad (39) or Knob (41), if
enabled (ENABLE indicator (40) lit), to set up
the upper limit frequency; see paragrapn
3.5.3.1. Usethe "KNOB" key (39) to activate the
Knob. The Knob increments or decrements
the value and automatically enters the ~ew
value. Whenusingthe Keypad, enter values as
actual number (120) or exponential rotation
(12E1), press the "ENTER" key to accegt the
new value,

4, Change the Mode. Use the "MODE" key (22) 10
step tothe FM mode (FM indicator it (23)). This
“locks” the Model 91 to the fixed frequency
range.

5. Select the Lower Frequency Limit. Press the
"FREQ/PER" key (4) again, and use the Knog or
Keypad to set up the lower frequency limit; see
paragraph 3.5.3.1.

6. Set up the Function, Amplitude, Offset, anc
Output. If sine, triangle, or square wavefcrm is
selected, set up the same as descrited n
paragraph 3.5.3.1. If variable symmetry wave-
forms are selected, also refer to oaragracn
3.5.4.1. The dc functionis not allowed for VCG
operation.

7. Calcuiate the VCG Voitage. Use steo 4 of
paragraph 3.5.13 to caiculate the voiages
required to change the generator's voitage.

8. Connect the VCG Voltage. Set the vc.iage
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source to the level calculated in step 7, and
then connect the voltage to the MOD IN con-
nec:or (30).

3.5.13.2 GPIB Operation

fter cower on (paragraph 3.5.2), use the following
stegs to set up the Model 91 for VCG operation.

1. Calculate the Limits. Use the steps in para-
grapn 3.5.13 to calculate the upper and lower
frequency limits.

2. Select the Upper Frequency Limit. Send the
Frequency command followed by the param-
eter.

Freguency Commands: FREQUENCY or FR.
Parameters: Values in Hz between 1E-3
and 20ES6.

Values can be entered in any format. For
example 2kHz can be entered as 2000,
2E3, 20E2, etc.

For example, sending either "FREQUENCY

1E6;" or "FR 1000000;" will select 1MHz,

3. Lock the Frequency Range. Send the Range
Lock command followed by its parameter.
Range Lock Command: RANGELOCK Or RA.
Range Lock Parameter: ON or 1.
NOTE: Range Lock should be turned off when
finished with the FM mode: RA 0.

4. Change the Mode. Send the Mode command
followed by the FM parameter.
Mode Commands: MODE or MO
FM Parameter: FM, F, or 6.

.('“

Select the Lower Frequency Limit. Send the
Frequency command followed by the param-
eter.
Frequency Commands: FREQUENCY or FR.
Parameters: Values in Hz between 1E-3
and 20E6.

8. Set up the Function, Ampiitude, Offset, ana
Output. If sine, triangle, or square waveform is
selected, set up the same as descriced n
paragraph 3.5.3.2. If variable symmetry wave-
form is selected, refer to paragraph 3.5.4.2.
The dc function is not allowed in the VCG
mode.

7. Calculate the VCG Voltage. Use step 4 of
paragraph 3.5.13to calculate the peak 10 peak
voltage required to modulate the Model 91.

8. Connect the VCG Voltage. Set the voltage
source to the level calculated in step 7, and
then connect the voltage to the MOD IN con-
nector (30). The maximum level is = 10 Vdc.
Always terminate the string with an EXECUTE
command.

Example

The following example uses a GPIB command string 10

set up the Model 91 for the VCG operation. In this

example the output will be a 1.5Vpp sine wave from the
50Q unbalanced output. To change the frequency,
apply +0.125 Vdc to the MOD IN connector to change
the frequency to 225 kHz. Apply -0.05 Vdc to change
the frequency to 190 kHz..
“MODE F;FR 2E5;RA 1;FU SI;AM 1.5;0P
1;08 U50;EX"

3.5.14 Continuous Sweep

Incontinuous mode, the Model 91 continuously sweeps
between a start and stop frequency either linearly or
logarithmically. The sweep time can be varied between
0.1 and 3600 seconds. The sweep start and sweep
stop frequencies can be between 1mHz and 20 MHz.
Ifthe startfrequency is less than the stop frequency, the
generator sweeps up in frequency. If the start fre-
quency is greater than the stop frequency, the genera-
tor sweeps down in frequency. Maximum sweep range
is three decades (1000: 1 frequency change). If the

MODEL 91

Q 0O
SWEEP OUT UNBALANCED

BALANCED

RECEIVING
INSTRUMENT

HORIZ  VERT
INPUT  INPUT

e Q
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TERMINATION

Figurs 3-16. Model 91 Continuous Sweep Satup
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frequency range exceeds three decades, the first fre-
guency set will be pulled to within three decades.
Figure 3-16 shows the instrument setup for sweep.
3.5.14.1 Local Operation

After power on (paragraph 3.5.2), use the following
steos to set up the Model 91 for continuous sweep.

1.

Select the Sweep Mode. Use the "MODE" key
(22)to step to the sweep mode (SWEEP indica-
tor (23) lit. To step backwards through the
modes, press the "SHIFT" key (37) and then
hold downthe "MODE"key. Releasethe "MODE"
key when the indicator lights to select the
mode.

Select the Start Frequency. Use the "SWEEP
MODE" (26) key to step to the start frequency.
When START is displayed, the current start
frequency is shown. To change the start fre-
quency, use the Keypad (39) or the Knob (47),
if enabled (ENABLE indicator (40) lit). Use the
KNOB key (39) to activate the Knob. The Knob
increments or decrements the value starting
fromthe flashing digit and automatically enters
the new value. When using the keypad, enter
values as actual number (5000) or exponential
notation (SE3), press the "ENTER" key to ac-
cept the new value.

Select the Stop Frequency. Use the "SWEEP
MODE" (26) key to step to stop frequency.
When STOP is displayed, the current stop
frequency is shown. To change the stop fre-
quency, use the keypad (39) or the Knob (47),
if enabled (ENABLE indicator (40) lit). Use the
"KNOB" key (39) to activate the Knob. The
Knob increments or decrements the value start-
ing from the flashing digit and automatically
enters the new value. When using the keypad,
enter values as actual number (5000) or expo-
nential notation (SE3), press the "ENTER key to
accept the new value.

Selectthe Sweep Rate. Use the 'TIME key (28)
to selectthe sweep rate. Sweeprateisthetime
it takes the Model 91 to sweep between the
start and stop frequencies. To change the
sweep time, use the Keypad (39) or the Knob
(41), if enabled (ENABLE indicator (40) lit).
Use the "KNOB" key (39) to activate the Knob.
The Knob increments or decrements the value
starting from the flashing digit and automati-
cally enters the new value. When using the
Keypad, enter values as actual number (80) or
exponential notation (9E1), press the "ENTER"®

key to accept the new value. Sweep ‘ime
values are between 100 ms and 1C0s. Press
"SHIFT" (37) and then the Time's “UNITS" (28)
key to shift between frequency and perica.
After the "SHIFT-UNITS" key combination, :ne
Knob may be used to toggle between the uniss.

5. Select the Sweep Type. Press the ‘SRIFT" <ey
(37) and then the "LIN/LOG" key (26) 0 selec:
the sweep function. Each time the SHIFT - LIN/
LOG key combination is pressed or the Knoo
(47)rotated, the unit steps from LINEAR SWE=P,
LOG SWEEP, LINEAR SWEEP UP/DOWN. ara
LOG SWEEP UP/DOWN.

6. Set up the Function, Amplitude, Offset, znd
Output. If sine, triangle, or square waveform s
selected, set up the Model 91 the same as
described in paragraph 3.5.3.1. The cc func-
tion can not be selected in the sweep mode. If
variable symmetry waveform is selected, refer
to paragraph 3.5.4.1.

7. Select Continuous Sweep. Press the ‘SWEEP
MODE" (26) key until CONTINUQOUS SWEER is
displayed. The unit now continuously sweeps.

8. Connect the Model 91. Connect the Model 91
to the receiving device. Use either the BAL-
ANCED output (38) or the UNBALANCED out-
put (35)as the sweep output. The SWEEP QUT
(29) provides aramp Oto +5V (sweep up) or +5
to OV (sweep down).

3.5.14.2 GPIB Operation

After power on (paragraph 3.5.2), use the following
steps to setup the Model 91 for continuous output.

1. Select the Sweep Mode. Send the Mode com-
mand followed by the sweep parameter.
Mode Commands: MODE or MO
Sweep Parameter: sSwor 7.

2. Select the Start Frequency. To set up the start
frequency send the start frequency commanc
followed by the parameters.

Start Frequency Command: SWEEPSTART or
STA
Start Frequency Parameters: Value te-
tween 1E-3 and 20E6.

3. Select the Stop Frequency. To set up the stop
frequency send the stop frequency command
followed by the parameters.

Stop Frequency Command: SWEEPSTOP or
STO
Stop Frequency Parameters: Valus cze-
tween 1E-3 and 20ES8.
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4. Select the Sweep Rate. Send the sweep time
(rate) command and its parameter.

Sweep Time Commands: SWEEPTIME or STI.

Sweep Time Parameters: 100E-3 to 3.6E3.

Ql

Select Linear or Logarithmic Sweep. Sendthe
Sweep Type command and its parameter.
Sweep Type Command: SWEEPTYPE Or STY.
Sweep type Parameter:
LINEAR, LI, or 0 for linear sweep.
LOG, LO, or 1 for logarithmic sweep.
UDLIN, ULI, or 2 for linear sweep up/
down.
UDLOG, UDLOG, or 3 for log sweep up/
down.

6. Setup the Function, Amplitude, Offset, and
Qutput. If sine, triangle, or square waveform is
selected, set up the Model 91 the same as
described in paragraph 3.5.3.2. The dc¢ func-
tion can not be selected in the sweep mode. |f
variable symmetry waveform is selected, refer
10 paragraph 3.5.4.2.

7. Select Continuous Sweep. Send the sweep
mode command and its parameter.
Sweep Mode Commands: SWEEPMODE or
SMD.
Continuous sweep Parameters: CONTINU-
ous, C, or 2.

8. Connect the Model 91. Connect the Model 91
to the receiving device. Use either the BAL-
ANCED output (38) or UNBALANCED output
(35) as the sweep output. The SWEEP OUT
(29) provides aramp Oto +5V (sweep up) or +5
to OV (sweep down). Always terminate the
string with an EXECUTE command.

Example

The following example uses a GPIB command string to

set up the Model 91 for the Continuous Sweep. In this

example the output will be a swept 1.5Vpp sine wave
fromthe 50Q unbalanced output. The output frequency

varies oewween 1kHz and 10 kHz, and swept at a 1

second rate.

"MODE SW;STA 1E3;STO 1E4 ;STI 1;SMD
2;FU SI;AM 1.5;0P 1;0S US0;EX"

3.5.15 Triggerad Sweep

In the triggered sweep mode, the Model 91, when
triggered, croduces one sweep beginning at the start
frequency and ending at the stop frequency. In gen-
eral, the setup for triggered sweep is much the same as
the continuous sweep mode combined with the trig-
gerea mode. As with the triggered mode, the trigger
sweep mode can be triggered by an external source,
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the internal trigger source, the MAN TRIG key, or GPI8
commands. In the triggered sweep moge, the Mogel
91 limits the internally generated trigger frequency to
between 0.01 to 10 Hz. Also, if the internal trigger
frequency is higher than the sweep time, the Mode! 91
places the internal trigger frequency less than the
sweep time.

3.5.15.1 Local Operation

After power on (paragraph 3.5.2), use the foilowing
steps to setup the Model 91 for triggered sweep.

1. Select the Sweep Mode. Use the "MODE" key
(22) to step to the sweep mode (SWEEP indica-
tor (29) lit. To step backwards through the
modes, press the "SHIFT" key and then hold
down the "MODE" key. Release the "MODE"
key when the indicator lights to select the
mode.

2. Select the Start Frequency. Use the "SWEEP
MODE" (22) key to step to the start frequency.
When START is displayed, the current start
frequency is shown. To change the start
frequency, use the Keypad (39) or the Knob
(47), if enabled (ENABLE indicator (40) lit).
Use the KNOB key (39) to activate the Knob.
The Knob increments or decrements the value
starting from the flashing digit and automati-
cally enters the new value. When using the
keypad, enter values as actual number (5000)
or exponential notation (5E3), press the "EN-
TER" key to accept the new value.

3. Select the Stop Frequency. Use the "SWEEP
MODE" (26) key to step to stop frequency.
When STOP is displayed, the current stop
frequency is shown. To change the stop fre-
guency, use the Keypad (39) or the Knob (47),
if enabled (ENABLE indicator (40) lit). Use the
"KNOB" key (39) to activate the Knob. The
Knob increments or decrements the value start-
ing from the flashing digit and automatically
enters the new value. When using the keypad,
enter values as actual number (5000) or expo-
nential notation (SE3), press the "ENTER"key 0
accept the new value.

4, Select the Sweep Time. Use the "TIME" key
(28) to select the sweep rate. Sweep rateisthe
time it takes the Model 91 to sweep between
the start and stop frequencies. To change the
sweep time, use the Keypad (39) or the Knob
(47),ifenabled (ENABLE indicator (40)lit). The
Knobincrements or decrements the value start-
ing from the flashing digit and automatically



enters the new value. When using the keypad,
enter values as actual number (90) or expo-
nential notation (3€1), pressthe "ENTER" key to
accept the new value. Sweep time values are
petween 100 ms and 3600s. Press "SHIFT"
(31) and then the Time's "UNITS" (28) key to
shift between frequency and period. After the
‘SHIFT-UNITS"key combination, the Knob may
be used to toggle between the units.

Select the Sweep Type. Press the "SHIFT" key
(37) and then the "LIN/LOG" key (26) to select
the sweep function. Each time the "SHIFT LIN/
LOG" key combination is pressed or the Knob
(41) rotated, the unit step from LINEAR SWEEP,
LOG SWEEP, LINEAR SWEEP UP/DOWN, and
LOG SWEEP UP/DOWN.

Set up the Function, Amplitude, Offset, and
Output. If sine, triangle, or square waveform is
selected, set up the Model 91 the same as
described in paragraph 3.5.3.1. The dc func-
tion can not be selected in the sweep mode. If
variable symmetry waveform is selected, refer
to paragraph 3.5.4.1.

Select Triggered Sweep. Use the "SWEEP
MODE" (26) key until INT TRIG SWEEP or EXT
TRIG SWEEP appears. For internally triggered
sweep setup, refer to step 8, and for externally
triggered sweep setup, refer to step 9.

Select the Internal Trigger. Use the “TRIG
SETUP" key (24) to step to trigger source
(SOURCE). Then, use the Knob to select
SOURCE INT (0).

Set the Trigger Frequency. Press the "TRIG
FREQ" key (27) to display the current internal
frequency. Use the Knob (47) or the Keypad
(39) to change the trigger frequency. Use the
"KNOB* key (39) to activate the Knob. The
Knob automatically enters the new trigger fre-
guency. When using the keypad, press the
"ENTER" key to accept the new trigger fre-
guency. Internal trigger frequency range is
1mHz to 50 MHz or 1000s to 0.0002 ms. Press
'SHIFT* (37) and the Trigger Frequency's
'UNITS® (27) keys to alternate between fre-
quency (TFREQ) and period (TPER). After the
*SHIFT-UNITS" key combination, the Knob may
be used to toggle between the units.

Select the External Trigger. Use the "TRIG
SETUP* key (24) to step to trigger source
(SOURCE). Then, use the Knob to select
SOURCE EXT (1).

10.

Connect the External Trigger Source. Ccrrect
the external trigger source to the TRIG IN
connector (C). The "TRIG FREQ" key mus: ce
pressed each time the frequency is 10 ce reaa.
Press the "TRIG SETUP" key (24) untii SLCPE
appears, and use the Knob to seiec: siirer
SLOPEPQOS (0)or SLOPENEG (1). Next, oress
the “TRIG SETUP" key (24) until TRIG LZVEL
appears, and use the Knob to set the ‘rigger
level (-5V to 5V). To read the frequency 3¢ he
external source, press the "TRIG FREC' «ey
(27).

Manual Trigger To use the "MAN TRIG" <ey
(25) as a trigger source, first press the TRIG
SETUP* key (24) until SOURCE appears. ana
then use the Knob to select SOURCE MAN (2).
Then, use the "MAN TRIG" key (25) to trigger
the generator. When the key is pressed, the
Model 91 produces one complete cycle of the
selected waveform.

Connectthe Model 91. Connectthe Model 91 tothe
receiving device. Use either the BALANCED output
(38) or the UNBALANCED output (35) as the sweeo
output. The SWEEP OUT (29) provides aramp Cto
+5V (sweep up) or +5 to OV (sweep down).

3.5.15.2 GPIB Operation

1.

Select the Sweep Mode. Send the Mode com-
mand followed by the sweep parameter.
Mode Commands: MODE or MO
Sweep Parameter. SWEEP, SWor 7.

Select the Start Frequency. To set up the
sweep start frequency, send the sweep start
command followed by the parameters.
Start Frequency Command: SWEEPSTART of
STA
Start Frequency Parameters: 1E-3to 2CES6.

Select the Stop Frequency. To set up the stco
frequency, send the stop frequency ccmmanc
followed by the parameters.
Stop Frequency Command: SWEEPSTOP or
STO
Stop Frequency Parameters: 1E-3 cr 2CES.

Select the Sweep Time. Send the sweeo time
(rate) command and its parameter.
Sweep Time Commands: SWEEPTIME Or STI.
Sweep Time Parameters: 100E-3 to 3.6E3
in seconds.

Select Linear or Logarithnmic Sweep. Sera ihe
sweep type command and its parame'ar.

()
'
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Sweep type Command: SWEEPTYPE oOr STY.
Sweep type Parameter:
LINEAR, LI,.or 0 for linear sweep.
LOG, LO, or 1 for logarithmic sweep.
UDLIN, ULI, or 2 for linear sweep up/
down.
UDLOG, ULO, or 3 for log sweep up/down.

o

Set up the Function, Amplitude, Offset, and
Qutput. If sine, triangle, or square waveform is
selected, set up the Model 91 the same as
cescribed in paragraph 3.5.3.2. The dc func-
tion can not be selected in the sweep mode. If
variable symmetry waveform is selected, refer
to paragraph 3.5.4.2.

7. Select Triggered Sweep. Send the sweep
mode command and its parameter.
Sweep Mode Commands: SWEEPMODE or
SMD.
Triggered sweep Parameters: TRIGGERED,
T, or 3.

Internal or External Trigger Source
8a. Select the Internal Trigger Source. Send the
source command and its parameter to select
the internal trigger source.
Source Command: TRIGSOURCE or TSO.
Internal Trigger Source Parameter: IN-
TERNAL, I, or 0.
For example send “TSO 0;" to select the
internal trigger source.

Select the Internal Sweep Trigger Frequency.
Sendtheinternal sweep trigger frequency com-
mand followed by its parameter.
Internal Trigger Frequency Command:
SWEEPTRIGFREQ Or STF.
Internal Trigger Frequency Parameters:
Values in Hz between 10E-3 TO 10.
Values can be entered in any format. For
example 0.1Hz can be entered as 1E-1, or
0.1, etc.
Forexample sending either "SWEEPTRIGFREQ
1EOQ;" or "STF 1;" will select a 1Hz internal
trigger frequency.

8b. Select the External Sweep Trigger Source.
Send the sweep trigger source command and
parameter to selectthe external trigger source.
Source Command: TRIGSOURCE or TSO.
External Trigger Source Parameter: EX-
TERNAL, E, or 1.
For example, send “TsO 1;" to select the
axternal trigger source.

w
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Connectthe External Trigger Source. Cannect
the external trigger source to the TRIG IN
connector (C).
To set up the trigger slope, send the rrigger
slope command and parameter.
Trigger Slope Command: TRIGSLOPE or TSL.
Slope parameters:
NEGATIVE, N, or 1 for negative going sicoe.
POSITIVE, P, or 0 for positive going siope.
To set up the trigger level, send :he level
command followed by its parameter.
Trigger Level Command: TRIGLEVEL or TV.
Trigger Level Parameter: a value between
-5and S.

Triggering with GPIB Commands. To trigger
the Model 91 over the GPIB send the following
command:

Trigger Command: TRIGGER or TGG.

Manual Trigger. To use the "MAN TRIG" key
(25), it must first be selected by sending the
trigger source command followed by the manual
trigger command. After manual trigger is se-
lected, pressing the "MAN TRIG" key (25) initates
a triggered sweep.
Trigger Source Command: TRIGSOURCE or
TSO.
Manual Trigger Parameter: MANUAL, M, cr
2.

9. Connect the Model 91. Connect the Modei 91
to the receiving device. Use either the BAL-
ANCED output (38) or the UNBALANCED out-
put(35) as the sweep output. The SWEEP QUT
(20) provides aramp Oto +5V (sweep up)or +5
to OV (sweep down). Always terminate the
string with an EXECUTE command.

Example

The following example uses a GPIB command string to

set up the Model 91 for the Triggered Sweep. In this

example the output will be a swept 1.5Vpp sine wave
fromthe 50Q unbalanced output. The output frequency

varies between 1kHz and 10 kHz, and swept at a 0.1

second rate. The sweep is triggered internally ata 500

mHz rate.

“MODE SW;STA 1E3;STO 1E4 ;STI 1lE-1;SMD
3;TSO 0;STF SE-1;FU SI;AM 1.5;0P 1;0S
US50;EX"

3.5.16 Manual Swesp

Manual sweep allows the cperator to step between tn
start and stop frequency using the Knob or Keypad.
When using the Keypad, the Model 91 only allows



values betweenthe the start and stop frequencies to be
entered. Also, the Model 91 displays the frequency
value closest to the value entered via the keypad.
Manual sweep is a local (front panel) operation only.

After power on (paragraph 3.5.2), use the following
steps to setup the Model 91 for continuous sweep.

1. Set up the Function, Amplitude, Offset, and
Qutput. If sine, triangle, or square waveform is
selected, set up the Model 391 the same as
described in paragraph 3.5.3.1. The dc func-
tion can not be selected in the sweep mode. If
variable symmetry waveform is selected, refer
to paragraph 3.5.4.1.

2. Connect the Model 91. Connect the Model 91
to the receiving device. Use either the BAL-
ANCED output (35) or UNBALANCED output
(35) as the sweep output. The SWEEP OUT
(29) provides aramp 0to +5V (sweep up) or +5
to OV (sweep down).

3. Select Sweep Mode. Set up the sweep mode,
start frequency, stop frequency, sweep rate,
and sweep type as described in para-
graph3.5.14.1.

4, Manual Sweep. Pressthe "'SWEEP MODE"(26)
key untii MANSWP appears on the display.
Use the Keypad (39) or the Knob (47), if en-
abled (ENABLE indicator (40) lit), to change
the frequency. The Knob increments or decre-
ments the value. When using the keypad, enter
values as actual numbers (5000) or exponen-
tial notation (5E3), press the "ENTER® key to
accept the new value.

3.5.17 Single Pulse

The single pulse function produces one puise per
period. This pulse has variable pulse width, but the
single pulse cannot be delayed (see paragraph3.5.18
Delayed Pulses). The Model 91 defines at the 50%
points; see figure 3-17, Pulse Function Paramters:
Single Pulse Function. The Model 91 generates pulses
in all operating medes; however, some operating modes
may not be practical for pulse functions. The unit
provides two sets of pulse outputs: the front panel
Balanced and Unbalanced Qutputs, and the rear panel
Pulse Out and Pulse Out connectors. When using the
Balanced and Unbalanced outputs, the Model 91 al-
lows the user to set the puise levels as amplitude and
offsetvalues or upper and lower levels voitages values.
The rear panel outputs, which supplies pulses with the
maximum transitions, supply pulses at five preset lev-
els (positive ECL, negative ECL, CMQS, TTL, and
Cusicm. Custom) permits the user to define their own

output levels. To minimize internal delay times, the unit
allows either front panel sync pulse or rear panel sync
pulse. Both sets of outputs can supply normar zra
complemented logic outputs. Figure 3-17 iilusirates
pulse paramteters.

NOTE
When setting up the Pulse function, re-
member the relationship between the wicth
and delay times and the period (frequency).
Otherwise, the Model 91 will generate an
error message; see appendix A.

3.5.17.1 Local Operation

Perform the following steps to set up the Model 81 as a
pulse generator.

1, Select the Mode. Use the "MODE" key (22) ‘0
step to the desired mode (mode indicaicr it

(23)).

To step backwards through the modes, press
the "SHIFT" key (37) and then hoid down the
‘MODE" key. Release the "MODE" key when
the indicator lights to select the mode.

For more information on the Model 91 ocerat-
ing modes, refer to the following paragracrs:

Continuous Mode Paragracn 3.5.3
Triggered Mode Paragraph 3.5.7
Gate Mode Paragrach 3.5.8
Burst Mode Paragrapn 3.5.9
Amplitude Modulation Paragrapn 3.5.10
Suppressed Carrier Modulation Paragraph 3.5.11
Frequency Modulation Paragraph 3.5.12
Voltage Controlled Generator ~ Paragraph 3.5.13
Continuous Sweep Paragraph 3.5.14
Triggered Sweep Paragraph 3.5.15
Manual Sweep Paragraph 3.5.16
2. Select the Function. Use the "FUNCTION" xey

(18) to select the single pulse function. =oid-
ing down the function key causes the unit 10
cycle through the functions. Releasethexey 0
stop and select the function. The single cuise
indicator (15) will be lit.

To step backwards through the functions, cress
the "SHIFT" key (37) and then hold down :ne
'FUNCTION® key. Release the "FUNCTION'
key when the indicator lights to select ne
function.

3. Select the Frequency. Press the "FREQ/PER"
key (4) to display the frequency in Hz ¢r the
period in seconds (puise repetition rate). s
the Keypad (39) or the Knob (42), f srzc =



PULSE OUTPUT PARAMETERS
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Figure 3-17. Pulse Parameters
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(ENABLE indicator (47) lit), to change the fre- (Period). If the square wave is selected, the

guency. The Knob increments or decrements
the value starting with the flashing digit (Knob
key (39)) and automatically enters the new
value. When using the keypad, enter values as
actual numbers (5000) or exponential notation
(5E3), pressthe "ENTER" key to accept the new
value.

Frequency range for the pulse generator is 1mHz to
20.00 MHz (frequency selected) or 1000.0sto 50 ns
(period selected) from the Balanced and Unbal-
anced Qutputs. Above 1MHz, the waveform quality
from the Balanced Output will deteriorated.

Range for the Puise and Pulse Qutputsis 1mHz
10 50.00 MHz (Frequency) or 1000s to 20 ns

frequency range is 1mHz to 100 MHz or 1000s
to 10 ns, Pulse and Pulse Outputs only.

Use the frequency's UNITS key (4) to select the
unit of measure: frequency or period. Because
pulse parameters are in the time domain, it
might be easier to use Period for pulses. For
other frequency related setups, refer to Phase
Lock - paragraph 3.5.5, or External Frequency
Source - paragraph 3.5.5
Other Limitations:
Maximum frequency derates above 2MHz
when symmetry not 50%
Maximum frequency limited to 1IMHz when
135Q and 600Q Balanced selected.

e
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Minimum frequency limited to 20 Hz for
internal phase lock (accuracy =10 ppm).

Selectthe Pulse Width. Press the "WIDTH" key
(76) to display the current pulse width in sec-
onds. The Model 91 defines the pulse width
between the 50% points of the leading and
trailing edge of the waveform; see figure 3-17.
Use the Keypad (39) or the Knob (42), if en-
abled (ENABLE indicator (47) lit), to change
the pulse width. The Knob increments or
decrements the value starting with the flashing
digit("Knob"key (39)) and automatically enters
the new value. When using the Keypad, enter
values as actual numbers (50) or exponential
notation (5€-1), press the "ENTER" key to ac-
cept the new value. Pulse width range de-
pendsonthe Frequency or Period programmed.
The overall ranges is 10 ns to 2000s with four
digits of resolution. Minimum resolution is
100 ps.

Unbalanced and Balanced Outputs for Pulse
Outputs

Set up the Amplitude (also see 58 Select the
Upper and Lower Levels). Use the 'AMPLI-
TUDE" key (9) to display the amplitude setting.
Figure 3-17 illustrates pulse amplitude param-
eters. Use the Keypad (39) or the Knob (47), if
enabled (ENABLE indicator (40) lit), to change
the amplitude. The Knob increments or decre-
ments the value starting with the flashing digit
(Knob key (39)) and automatically enters the
new value. When using the Keypad, enter
values as actual number (10) or exponential
notation (1E1), press the "Enter” key to accept
the new value.
Amplitude range is
imVpp to 15.0 Vpp
500 uVp to 7.5 Vp
500 uVrms to 7.5 Vrms
-57.8 dBmto 25.7 dBm
Use the Amplitude's "UNITS" key (5) to select
the unit of measure: Vpp, Vp, Vrms, or dBm.
Limitations:
Amplitude limited by Offset values (Offset
+Vp s7.5V).
Amplitude limited to half of maximum level
when AM selected.

Set up the Offset. Use the "OFFSET" key (7) to
display the dc offset level in volts. Offsetis the
waveform reference level relative to OVdc; see
figure 3-17. Use the Keypad (39) or the Knob
(47), if enabled (ENABLE indicator (40) lit), to

58

change the offset. The Knob increments or
decrements the value starting with the flashing
digit (Knob key (39)) and automaticalily erters
the new value. When using the Keypac. srter
values as actual number (0.01) or exgoreriai
notation (10E-3), press the "ENTER" xey o
accept the new value. Offset values rarge
from +7.500V to -7.500V.

Limitations:
Offset limited by the peak ampiituce vaive
(Offset + Vp s7.5V).
Offset fixed at 0Vdc when BAL (Baiarcec
output)selected.
Offsetrange limited to half of the maximum
offset when AM selected.

Select the Upper and Lower Levels. Uoger
and lower levels sets the peak levels of the
pulse for the front panel Unbalanced ard Bal-
anced outputs; see figure 3-17, Puise Qutput
Parameters. Upper and lower Level, ara Am-
plitude and Offset are interrelated, changing
any one of each pair will affect the other pair.

To select the upper level, press the '"UPPER
LVL"key (20) to display the current upper ievel.
Use the Keypad (39) or the Knob (47) , if
enabled (ENABLE indicator (40) Iit), to change
the upper level. The Knob increments or dec-
rements the value starting with the flashing
digit (Knob key (39)) and automatically enters
the new value. When using the Keypaa, enter
values as actual number (10), press the "EN-
TER" key to accept the new value. Upper level
rangeis-7Vto +7.5V and must be greater than
the lower level value.

To select the lower level, press the "LOWER
LVL" key (27) to display the current lower level.
Use the Keypad (39) or the Knob (47) | if
enabled (ENABLE indicator (40) lit), to change
the upper level. The Knob increments or dec-
rements the value starting with the flasning
digit (KNOB key (39)) and automatically enters
the new value. When using the keypac, enter
values as actual number (10), press the "EN-
TER" key to accept the new value. Lower level
range is -7.5Vto +7V and must be less than
the upper level value.

Turn "ON/OFF" the Output and Select the Out-
put Impedance. Use the "ON/OFF" key (36) tc
turn on or off the output. If the cutput is turned
off, as at power on, the impedance incicatcr
flashes, and pressing the "ON/OFF" key . s
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on the output and returns the Model 91 to the
last selected output and impedance. The
impedance indicator remains on.

Usethe"SELECT key (36) to choose the output
connector (balanced or unbalanced) and out-
put impedance (50Q, 75Q, 135Q, and 600%).
Pressing the "SHIFT" key (37) and then the
"SELECT" key increments through the imped-
ances and outputs in the following order:

50Q Unbalanced Qutput s20 MHz,

75Q Unbalanced Output 20 MHz,

600Q2 Unbalanced Output s 1MHz,

600Q Balanced Output s1MHz,

135Q Balanced Qutput s1MHz.

Also after pressing the "SHIFT" key, hold down
the "SELECT" key to auto-increment through
thelistin the same order as above. Release the
key to select the impedance and output; the
indicators remain lit.

Sync Output Touse the correct synchronizing
output for the front panel outputs, press the
"SYNC"* key (14), then use the Knob to select
SYNC FRONT. The Sync Output must be
terminated with 50Q.

NOTE

When connecting the Model 91 output
connector to a load, use a cable with the
correctimpedance for the output selected.
Balanced ct connector is internally con-
nected to the shield of all the other Mode!
91 BNC connectors. When connecting to
external equipment, whose connector
shields are at chassis ground, a ground
loop will be formed that will adversely af-
fect the Balanced output signal.

Select the Pulse/Pulse Outputs

The Model 91 also provides two rear panel
pulse output connectors: the Pulse and Pulse
Qutputs. Use these outputs for applications
where fasttrasnsition times areimportant. Also,
use these outputs for pulses up to 50 MHz or
the 100 MHz square waves. The Puise and
Puise Outputs must be terminated with 50Q
terminators.

To turn on or off the Pulse and Puise Outputs,
press the "PULSE SETUP" key ( 79) until the dis-
play shows REARQOUT. Thenusethe Knob(47)
to select REAR QUT ON (1). To turn the outputs
off, use the Knob to select REAR OUT. This menu
does not affect the front panel outputs.

To select the logic sense, press the "PULSE
SETUP"key (79) until the display shows LOGIC.
Then use the Knob to select either LOGIC
NORM (0) or LOGIC COM (1). Logic sense
affects both front and rear panel outputs.
Normal pulses are in phase with the Sync Out:
see figure 3-17, Pulse Output Parameters.
Complement pulses are 180° out of phase with
the Sync Out signal.

To select the pulse output level, press the
"PULSE SETUP"key ( 19) until the display shows
PULSE. Then use the Knob to select PULSE
TTL (0), PULSE CMOS (1), PULSE -ECL (2),
PULSE +ECL (3), or PULSE CSTM. (4) This
menu only affects the rear panel Pulse Qut-
puts.

PULSE CUSTOM permits the user to set up
their own output levels for the rear panel Pulse
and Pulse outputs. To set up the custom upper
level in volts, press the "SHIFT* (37) key and
then Upper Lvi's ‘CUSTOM" key (20). Use the
Keypad (39) or the Knob (47), if enabled (EN-
ABLE indicator (40) lit), to change the custom
upper level. The Knob increments or decre-
ments the value starting with the flashing digit
(KNOB key (39)) and automatically enters the
new value. When using the keypad, enter
values as actual number (1.3), press the "EN-
TER" key to accept the new value. Upper level
rangeis -1.4to0 +4.2V and must be greater than
the lower level value by 0.4V.

To set up the custom lower level, press the
'SHIFT® (37) key and then Lower Lvi's "CUS-
TOM "key (27). Use the Keypad (39) or the
Knob (47), if enabled (ENABLE indicator (40)
lit), to change the upper level. The Knob
increments or decrements the value starting
with the flashing digit ("KNOB"* key (39)) and
automatically enters the new value. When
using the Keypad, enter values as actual num-
ber (-1.3), press the "ENTER" key to accept the
new value. Lower level rangeis-1.8to +3.8V
and must be less than the upper level value by
0.4V.

Sync Output Touse the correct synchronizing
output for the rear panel outputs, press the
*‘SYNC" key (14), then use the Knob to select
SYNC REAR (1). The Sync Out must be prop-
erly terminated into a 50Q terminator.



3.5.17.2 GP!B Operation

After power on (paragraph 3.5.2) use the following
commands to set up the Model 91 for the single pulse
function.

1. Select the Mode. Send the Mode Command
followed by the desired parameter.
Mode Command: MODE or MO.
Continuous Paramter: CONTINUOUS, C, or 0.
Triggered Parameter: TRIGGERED, T,0r 1.
Gate Paramter: GATE, G, or 2.
Burst Parameter: BURST, B, or 3.
Amplitude Modulation Paramter: aM, A, or 4.
Suppressed Carrier Modulation Paramter:
SCM, SC, or 5.
Frequency Modulation Parameter: FM, F,
or 6.
Sweep Parameter: SWEEP, SW, or 7.
For more information ontriggered modes, refer
to the following paragraphs:
Triggered Mode: paragraph 3.5.7.
Gate Mode: paragraph 3.5.8.
Burst Mode: paragraph 3.5.9.
For other modes, refer to the following para-
graphs:
Amplitude Modulation: paragraph 3.5.10.
Suppressed Carrier Modulation: paragraph
3.5.11.
Frequency Modulation: paragraph 3.5.12.
VCG: paragraph 3.5.13.
Sweep: paragraphs 3.5.14 and 3.5.15.

2. Select the Single Pulse Function. Send the
function command followed by the single puise
parameter.

Function Command: FUNCTION or FU.
Single Pulse Parameter: PULSE, P, or 4.
For example: send "FU P;".

3. Setup the pulse repetition rate (frequency).
Send the frequency command followed by the
frequency value.

Frequency Command: FREQUENCY or FR.
Frequency Parameter Values:

For rear panel Pulse and Pulse Qutputs:
1E-3 to 5E7.

For front panel Unbalanced Qutput: 1E-
3to 2E7.

For front panel Balanced Output: 1E-3 to
1E6 (the Model 91 accepts values above
1MHz, but the pulse quality will be
deteriated).

For example, send "FR 1E4;".

4, Select the Pulse Width. To select the pulse

5A.

5B.

width, send the pulse width command fc: zvez
by the puise width paramter value.
Pulse Width Command: WIDTH or W.
Pulse Width Paramter Values: 1CE-3 o
2E3. :
For example, send 'Ww 2E-4;".

Balanced and Unbalanced Output for =_.se
Outputs. As an alternative to amplituce zrc
offset commands, refer to uppper anc cwer
level commands in 5B.
Select the Amplitude. Send the AmgitLca
command followed by the parameter.
Amplitude Commands: AMPLITUDE ¢r AM.
Amplitude Parameters: Values in Voo ce-
tween 1E-3 and 15.
Values can be entered in any forma:. =or
example 10 Vpp can be entered as 10,
1E1, 10EQ, etc.
Forexample, sending either “AMPLITUDE 12;"
or “AM 1.2E1;" will select 12 Vpp amptituce.

Select the Offset. Send the Offset command
followed by the parameter.
Offset Commands: OFFSET or OF.
Offset Parameters: Values in Vdc between
-7.5and 7.5.
For example, sending either “OFFSET -3:" or
“OF =-3;" offsets the waveform by -3Vcc.

Select Upper and Lower Level. To use :he
Upper and Lower Level commands to s&: up
the pulse output level instead of the Amciizude
and Offset commands, send the level ccm-
mand followed by their parameters.
Upper Level Command: UPPERLEVEL Cr UL.
Upper Level Parameter Values: -7 0 =7.3.
Lower Level Command: LOWERLEVEL or LL.
Lower Level Parameter Value: -7.5 :0 +7.
For example, to set up an upper level of =1V
and lower level of QV; send "UL 1;LL 0;".

Turn On or Off the QOutput. Send the Cu:cut
enable command followed by the parameter.
Output Commands: OUTPUT or OP.
Parameters: 1 or ON turns the outpu: on,
and 0 or OFF turns the output off.
For example, sending "OP 1;" will turm ne
output on.

Selectan Qutputand Qutputimpedance. Send
the Output Select command followed zy ne
parameter.
Output Select Commands: OUTSELECT 2r
0S.

(»
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509 Unbalanced Output Parameter: Us0
or Q.
75Q Unbalanced Output Parameteru75 or
1.
80CQ Unbalanced OQutput Parameter: U600
or 2.
6002 Balanced Output Parameter: B600
or3
135Q Balanced Output Parameter: B135
or 4.
For example, sending either “OUTSELECT 0;"
or "0S US0;" selects the unbalanced 50Q
outout.

Pulse Logic. To setup the pulse sense or logic
relative to the Sync Out signal, send the Pulse
Logic command followed by the Sense param-
eter.

Pulse Logic command: PULSELOGIC or PO.
Normal Parameter: NORMAL, N, or 0.
Complement Parameter: COMPLEMENT, C,
orl.

This command also affects the phase of
the Pulse and Pulse Output pulses.

Sync Output Touse the correct synchronizing
output for the front panel outputs, send the
Sync Command followed by the front panel
sync parameter.
Sync Out Command: SYNCTIMING or SC.
Front Panel Sync Parameter: FRONT, F,or 0.

Rear Panel Puise and Puise Outputs.
To enable or disable the rear panel Puise and
Pulse Qutputs, send the Rear Outputs com-
mand followed by the appropriate parameter.
Rear Qutput Command: REAROUTPUTS or
RO.
Off Parameter: OFF, OF, or 0.
On Parameter: ON or 1. A
The Pulse and Pulse Outputs must be termi-
nated with 50Q terminations.

Pulse Logic. To setup the pulse logic relative

to the Sync Out signal, send the Pulse Logic

command followed by the Sense parameter.

Pulse Logic command: PULSELOGIC or PO.

Normal Parameter: NORMAL, N, or 0.
Complement Parameter: COMPLEMENT, C,
or 1.
This command also affects the phase of
the Balanced and Unbalanced Output
pulses.

Pulse Type. To select the preset Pulse and
Pulse Output levels, send the pulse type com-
mand followed by one of four parameters.
Pulse Type Command: PULSETYPE or PY.
TTL Type Parameter: TTL, T, or 0.
CMOS Type Parameter: cMOS, CM, or 1.
Negative ECL Type Parameter:
NEGATIVEECL, N, or 2.
Positive ECL Type Parameter:
POSITIVEECL, P, or 3.
Custom Type Parameter: CUSTOM, CU, or
4. See Setting Custom Pulse Types.

Setting Custom Pulse Types. To set up the
upper and lower levels for the Custom Type
Parameter, send the level commands followec
by their parameter values. The upper levei
value must always be greater than the lower
level value.
Custom Upper Level Command:
CUSTOMUPPERLVL Or CUU.
Custom Upper Level Parameter Values:
-1.41t0 +4.2.
Custom Lower Level Command:
CUSTOMLOWERLVL, Or CUL.
Custom Lower Level Parameter Values:
-1.8t03.7.
For example, to set up the custom level fora 0
to +1Vpulse, sendthe string: *CuU 1;CUL 0;"

Sync Output Touse the correct synchronizing
outputforthe rear panel outputs, send the Sync
Command followed by the rear panel sync
parameter.
Sync Out Command: SYNCTIMING or SC.
Rear Panel Sync Parameter: REAR, R, Of 1.

3.5.18 Delayed Puise

When the delayed pulse function is selected, the Model
91 produces one pulse eacn pulse period, but that
pulse can be delay relative to the Sync Output. In
addition, the width of the delay puise can be varied.
The Model 91 ‘measures” the delay relative to the 50%
point of the leading edge of the Sync Out pulse to the
leading edge of the delayed puise. Figure 3-17, Pulse
Function Parameters - Delayed Pulse Function, illus-
trates the delayed puise.

NOTE
When setting up the Pulse function, re-
memberthe relationship between the width
and delay times and the period (frequency).
Otherwise, the Model 91 will generate an
error message; see appendix A.

Ny



3.5.18.1 Local Operation
To set up the Model 91 as a delayed pulse generator,

1. Initial Set up. Set up the Frequecy/Period,
Mode, Outputs, Output Level (Amplitude/Off-
set or Upper/Lower Level), and Pulse Width as
described in paragraph 3.5.17.1.

2. Select the Delayed Pulse Function. Use the
"FUNCTION" key (18) to select the delayed
pulse function. Holding down the *FUNCTION®
key causes the unit to cycle through the func-
tions. Release the key to stop and select the
function. The delayed pulse indicator ( 15) will
be lit.

To step backwards through the functions, press
the "SHIFT" key (37) and then hold down the
'FUNCTION" key. Release the "FUNCTION®
key when the indicator lights to select the
function.

3. Select the Pulse Delay. Press the "DELAY" key
(16) to display the current pulse delay. Use the
Keypad (39) or the Knob (42), if enabled (EN-
ABLE indicator (47) lit), to change the puise
delay. The Knob increments or decrements
the value starting with the flashing digit (KNOB
key (39)) and automatically enters the new
value. Whenusing the Keypad, enter values as
actual numbers (0.005) or exponential notation
(5E-3), press the "ENTER" key to accept the
new value. Pulse delay range depends on the
Frequency or Period and Pulse Width pro-
grammed. The overall ranges is 0 ns to 2000s
with four digits of resolution. Minimum resolu-
tion is 100 ps.

. NOTE

Delay reqgires a Sync Out otherwise the
delayed pulse may not be seen. It is
important select the proper sync output
(front or rear panel sync) to minimize inter-
nal delays.

3.5.18.2 GPIB Operation

To use the Model 91 as a delayed pulse generator over
the GP!B, perform the following steps.

1. Initial Setup. Setup the Model 91 a desribed in
paragraph 3.5.17.2.

2. Select the Delayed Pulse Function. To set up
the delayed function, send the function com-
mand followed by the delayed pulse param-
eter.

Function Command: FUNCTION or FU.
Delayed Pulse Parameter: DELAYEDPULSE.
DE, or 5.

3. Set up the Pulse Width. To select e o..se

width, send the pulse width commana icilciec
by the pulse width paramter value.
Pulse Width Command: WIDTH or W.
Pulse Width Paramter Values: 1CE-3 ©
2E3.
For example, send 'Ww 2E-3;".

4, Set up Pulse Delay. To selectthe puise ceiay,
send the Pulse Delay command foilcwea oy
the parameter value.

Pulse Delay Command: DELAY or DL.
Pulse Delay Parameter Values: 0 10 2E3:
minimum resolution is 100 ps.

NOTE
Delay reqires a Sync Out otherwise the
delay may not be seen. It is important
select the proper sync output (front or rear
panel sync) to minimize internal delays.

3.5.19 Double Pulss

When the double pulse function is selected, the Mccel
91 produces a pair of pulses each pulse period. The
first pulse is coincident with the sync outeut anc ne
position of the second puise is determined by the puise
delay. Pulse width sets the width of both pulses. See
figure 3-17 for an illustration of double pulse param-
eters. The Model 91 defines the position of the secenc
pulse as the delay time between the 50% point of the
first pulse's leading edge to the 50% point of the secona
pulse's leading edge.

NOTE
When setting up the Pulse function, re-
member the relationship between the width
and delay times and the period (frequency).
Otherwise, the Model 91 will generate an
error message; see appendix A.

3.5.19.1 Local Operation
To set up the Model 91 as a double puise generazcr,

1. Initial Set up. Set up the Frequecy/Perica.
Mode, Outputs, and Output Level (Amplituce/
Offset or Upper/Lower Level), as cescricec:n
paragraph 3.5.17.1.

2. Select the Double Pulse Function. Use ne
'FUNCTION" key (18) to select the ccuolie
pulse function. Holding down the 'FUNCTICN'
key causes the unit to cycle througr e “.rc-
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tions. Release the key to stop and select the
function. The double pulse indicator (15) will
be lit.

Tostep backwards through the functions, press
the "SHIFT" key (37) and then hold down the
'FUNCTION" key. Release the "FUNCTION®
key when the indicator lights to select the
function.

3. Select the Pulse Width. Press the "WIDTH" key
(16) to display the current pulse widthin sec-
onds. Use the Keypad (39) or the Knob (42), if
enabled (ENABLE indicator (47) lit), to change
the pulse width. The Knob increments or
decrements the value starting with the flashing
digit (KNOB key (39)) and automatically enters
the new value. When using the Keypad, enter
values as actual numbers (50) or exponential
notation (SE1), press the ENTER key to accept
the new value. Pulse width range depends on
the Frequency or Period programmed. How-
ever, the overall ranges is 10 ns to 2000s with
four digits of resolution. Minimum resolution is
100 ps.

4, Position of the Second Pulse. Press the "DE-
LAY" key (16) to display the current pulse
delay. Use the Keypad (39) or the Knob (42),
ifenabled (ENABLEindicator (41)lit), to change
the pulse delay. The Knob increments or
decrements the value starting with the flashing
digit (KNOB key (39)) and automatically enters
the new value. When using the Keypad, enter
values as actual numbers (0.005) or exponen-
tial notation (SE-3), press the "ENTER" key to
accept the new value. Position of the second
pulse (pulse delay range) depends on the
Frequency or Period and Pulse Width pro-
grammed. The overall ranges is O ns to 2000s
with four digits of resolution. Minimum resolu-
tion is 100 ps.

3.5.19.2 GP!IB Operation
To use the Model 91 as a delayed pulse generator over
the GPIB, perform the following steps.

1. Initial Setup. Set up the Model 91 for the double
pulse function as described in paragraph
3.5.17.2.

2. Select the Double Pulse Function. Send the
function command followed by the double pulse
parameter.
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Function Command: FUNCTION or Fu.
Double Puise Parameter: DOUBLEPULSE,
DO, or 6.

3. Select the Pulse Width. Send the Pulse Width
command followed by the parameter value.
Pulse Width Command: WIDTH or w.
Pulse Width Parameter Values: 10€-9 to
2E3.

4, Position of the Second Puise. To paosition the
second pulse, send the Pulse Delay command
followed by the parameter value.

Pulse Delay Command: DELAY or DL.
Pulse Delay Parameter Values: 0 to 2E3:
minimum is 100 ps.

3.5.20 External Width Pulss

In the external width mode, the Model 91 produces a
pulse output whose period and width are fixed Dy the
external trigger signal and the trigger setup param-
eters. Amplitude and offset (Upper and Lower level
too) controls the external width output level., Figure
3-18 illustrates the external width as it relates to a
representative trigger setup. when using the front
panel Unbalanced outputs, inputfrequencyrangeis dc
to 20 MHz.  When using the rear panel Pulse outputs,
the input frequency range is dc to 50 MHz.

TRIGGER
INPUT

TRIGGER
LEVEL
EXTERNAL UPPER LEVEL
WIDTH
OUTPUT
—LOWER LEVEL

Figure 3-18. External Width

3.5.20.1 Local Operation

To set up the Model 91 for external width, perform the
following steps.

1. Select the External Width Function. Use the
‘FUNCTION" key ( 18) to select the E.W. (Exter-
nal Width) function. Holding down the ‘FUNC-
TION® key causes the unit to cycle through the
functions. Release the key to stop and select
the function. The E.W. indicator (15) will be lit.
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To step backwards through the functions, press
the "SHIFT" key (37) and then hoid down the
"FUNCTION" key. Release the *FUNCTION"
key when the indicator lights to select the
function.

2. Setup the Trigger. Selecting the E.W. function
automatically switches to the rear panel exter-
nal TRIG IN as the trigger input. However,
trigger slope and level can be varied.

Press the "TRIG SETUP" key (24) until SLOPE
appears; use the Knob (47) to toggle between
POS (0)(positive) or NEG (1) (negative). SLOPE
POS (0) is the default.

Press the "TRIG SETUP" key (24) until TRIG
LEVEL appears. Use the Keypad (39) or the
Knob (47) , if enabled (ENABLE indicator (40)
lit), to change the trigger level in volts. The
Knob increments or decrements the value start-
ing with the flashing digit (Knob key (39)) and
automatically enters the new value. When
using the Keypad, enter values as actual num-
ber (1.3), press the "ENTER" key to accept the
new value. Triggerlevel rangeis-5.0t0 +5.0V,
Trigger level reset default is +1V.,

3. Set up the Pulse Output. If using the Balanced
and Unbalanced Outputs, refer to paragraph
3.5.17.1 - step 5, Balanced and Unbalanced
Outputs for Pulse Outputs. If using the Pulse
and Pulse Outputs, refer to paragraph 3.5.17.1
- step 6, Rear Panel Pulse and Pulse Outputs.

3.5.20.2 GPIB Qperation

1. Select the External Width Function. Send the
function command followed by the external
width parameter.

Function Command: FUNCTION or FU.
External Width Parameter: EXTERNALWIDTH,
E,or7.

2. Set upthe Trigger. Selectingthe E.W. function
automatically switches to the rear panel exter-
nal TRIG IN as the trigger input. However,
trigger slope and level can be varied.
Tosetupthetriggerlevel, send the trigger level
command followed by the parameter value.

Trigger Level Command: TRIGLEVEL or TV.
Trigger Level Parameter Values: -5 to +5.

To set up the trigger slope, send the trigger
slope command followd by the parameter.

Trigger Slope Command: TRIGSLOPE or TSL.

Postive Slope Parameter: POSITIVE, P,0r0.

Negative Slope Parameter: NEGATIVE, N, or 1.

3. Set up the Pulse Output. If using the Balancec
and Yntalanced Outputs, refer to paragraor
3.5.17.2 - step 5, Balanced and Untalancec
Qutputs for Pulse Outputs. If using e Puise
and Pulse QOutputs, refer to paragrapr 3.5.17.2
- step 6, Rear Panel Pulse and Pulse Qu:pus.

3.5.21 Storing and Recalling Settings

All the operations described in paragraph 3.5 can ce
stored as a complete setup in the Model 91's memory
and recalled for use when needed. Setups can ze
stored and recalled using both front panel xeys anc
GPIB commands. The Model 91 allows up to 10 storec
settings.

3.5.21.1 Local Operation
To Store a Setup,

1. Set up the Model 91 as described in para-
graphs 3.5.3 through 3.5.20.
2. Press the ‘STORE" key (6) to display the num-

ber of the last stored setting. The Model 91
displays the state of the memory: FREE or
USED.

3. Use the Keypad (39) or Knob (47), if enabled
(ENABLE indicator (40) lit), to change to an-
other stored setting.

4, Press the "ENTER" key to store the setup at that
location. When "ENTER" key is pressed the
Model 91 display flashes DONE and then USED.

To Recall a Setup,

1, Press "SHIFT" key (37) and then the RECALL
key (6) display the number of the last recalled
setting. If this is the first recalled setting since
power on, the number will be lowest number
stored.

2. Use the Keypad (39) or Knob (47), if enabled
(ENABLE indicator (40) lit), to change to an-
other stored setting. The Model 91 dispiays the
memory status: FREE or USED.

3. Press the "ENTER" key to recall the setup.
Selecting aFREE location, causes the Model 91
to flash NOSAVE.

3.5.21.2 GPIB Operation
To Store a Setup,

1. Set up the Model 91 as described in para-
graphs 3.5.3 through 3.5.20.
2. Send the Store command followed by the Sters

parameter.
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Store Command: STORESETTING or STS.
Store Parameter: 1 to 5.

3. Terminate the command string with an Ex-
ecute command “EX".
EXAMPLE
To store a setup in setting number 2, send “sTS
2; EX".
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To Recall a Setup,
1, Send the Recall command followed by the
Recall parameter.

Recall Command: RECALLSETTING or RCL.
Store Parameter: 1 to 5.

2. Terminate the command string with an Execute
command “EX".
EXAMPLE

To recall a setup in stored setting number 2,
send “RCL 2; EX".
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Figure 3-1. Model 91 Front Panel Controls and Connectors
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